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R e p .  2 1 5 - 7 3

SECTION 1 0 /1 1 B: SYSTEMS

REPORT 2 1 5 -7

SYSTEMS FOR THE BROADCASTING SATELLITE SERVICE 
(SOUND AND TELEVISION)

( Q u e s t io n  2 /1 0  a n d  1 1 , S tu d y  Program m e 2A /10  a n d  1 1 ) 

( 1 9 6 3 -1 9 6 6 -1 9 7 0 -1 9 7 4 -1 9 7 8 -1 9 8 2 -1 9 8 6 -1 9 9 0 )

1. I n t r o d u c t i o n

This Report describes the essential elements of broadcasting-satellite system design and their relationships. 
The object of the Report is to assist the system designer, frequency planner, and spacecraft and earth-station 
engineer in their choice of system characteristics. Such choices, as is the case in the design of systems in general, 
are bounded by various constraints: limitations imposed by the state of international agreement and, most 
important, by considerations of system economics. .

O ther r e le v a n t  in fo rm a tio n  on th e system s a s p e c ts  o f  th e  b r o a d c a s t in g -  
s a t e l l i t e  s e r v ic e  are  g iv e n  in  th e  Recommendations and R ep orts l i s t e d  below ;

- T e rm in o lo g y
R eco m m en d a tio n  566

- T e l e v i s i o n  b r o a d c a s t i n g  s y s te m s
R eco m m en d a tio n  6 5 0 , R e p o r t s  1073 a n d  1074

- S ound  b r o a d c a s t i n g  s y s te m s
R e p o r t  955

- H ig h  d e f i n i t i o n  t e l e v i s i o n  b r o a d c a s t i n g  s y s te m s
R e p o r t  1075

- F e e d e r  l i n k s
R e p o r t  952

- M o d u la t io n ,  m u l t i p l e x i n g  a n d  c o d in g
R eco m m en d a tio n  6 5 1 , R e p o r ts  6 3 2 , 953 an d  954

- T r a n s m i t t i n g  a n d  r e c e i v i n g  a n te n n a s
R eco m m en d a tio n  6 5 2 , R e p o r t  810

- E a r t h  r e c e i v i n g  e q u ip m e n t
R e p o r t  473

- S a t e l l i t e  t e c h n o l o g i e s
R e p o r t  808

- I n t e r s e r v i c e  f r e q u e n c y  s h a r i n g
R e p o r t  634

2« Major system parameters

T here  are d ifferen t ways to ap p ro ach  the selection of system param eters. O ne m ethod  is given in this
section.

As a first step , decide on system  input factors. T hat is, the desired quality  for various percentages o f  time, 
the num ber o f channels (includ ing  the num ber o f accom panying aud io  p rogram m e ch annels) and  the area o f  
coverage on the Earth. The subject o f  quality  o f  reception is discussed in g reater detail in $ 3 .



.2 .1  F a cto rs a f f e c t i n g  c h o ic e  o f  o r b it  and o f  o r b i t a l  p o s i t io n  in  th e  GSO

4 R e p .  2 1 5 - 7

2 .1 .1  G e n e ra l

A m ong the factors to  be considered  in the selection o f preferred o rb its for satellite  b roadcasting  are 
coverage, num ber o f  daily  b ro ad cast hours desired and  an tenna  characteristics.

The s a t e l l i t e  o r b i t  f o r  a  b r o a d c a s t  s e r v i c e  m u s t p r o v id e  c o v e r a g e  o f  
s e l e c t e d  r e g i o n s  o f  t h e  E a r th  t h e  ( b r o a d c a s t  s e r v i c e  a r e a )  d u r i n g  d e s i r e d  
v ie w in g  o r  l i s t e n i n g  h o u r s ,  w h ic h  may v a r y  fro m  s e v e r a l  t o  t w e n t y - f o u r  h o u r s  p e r  
d a y . F o r  n o n - c o n t in u o u s  b r o a d c a s t  p e r i o d s ,  i t  i s  d e s i r a b l e  t o  h a v e  t h e s e  
i n t e r v a l s  o c c u r  a t  t h e  sam e l o c a l  t im e  e a c h  d a y . R e g a r d le s s  o f  t h e  d u r a t i o n  o f  
t h e  b r o a d c a s t  p e r i o d ,  i t  i s  d e s i r a b l e  t o  h a v e  a n  o r b i t  t h a t  d o e s  n o t  r e q u i r e  
a n te n n a  t r a c k i n g  e q u ip m e n t f o r  b r o a d c a s t  r e c i e v i n g  i n s t a l l a t i o n s .

2 .1 .2  G e o sta tio n a r y  s a t e l l i t e  o r b it  (GSO)

The g e o s ta t io n a r y  s a t e l l i t e  o r b it  (GSO, a l t i t u d e  35786 km above th e  equa­
to r )  has been ch o sen  fo r  m ost e x i s t in g  and planned b r o a d c a stin g  s a t e l l i t e  s y s ­
tem s. I t  p erm its  a co n tin u o u s b ro a d ca st
serviceito areas as small as individual countries or as large as continents, up to about one-third of the surface of 
the Earth. The limitation imposed by the minimum usable angle of elevation can be determined from Fig. 1 of 
Reportl206. A geostationary satellite also permits the use, if required, of a fixed receiving antenna of very high 
gain (and hence directivity). ; ' ■

2 .1 .3  I n c l in e d  o r b i t s

/A satellite in a sub-synchronous circular equatorial orbit can provide coverage at the same local time each 
day. The number of uninterrupted broadcast hours possible from such a satellite to a given area on the surface of 
the Earth is a function of the satellite altitude and the latitude of the receiving point. Representative visibility 
times are ?hown in A nnex I  ( s e e  T a b le  X I ) .

{Because the sub-synchronous satellites in circular orbits have a lower altitude than a geostationary satellite, 
a stronger signal is available for a given transmitter e.i.r.p. Such satellites may therefore have an advantage when 
the maximum transmitting antenna gain is limited by size restrictions and when the receiving antenna can be 
nearlyfomnidirectional. -

2 .1 .4  C hoice o f  o r b i t a l  p o s i t io n  in  GSO

The f o l l o w i n g  f a c t o r s  s h a l l  b e  c o n s id e r e d  i n  c h o o s in g  a n  o r b i t a l  p o s i t i o n  
i n  t h e  GSO:

-  r e c e iv in g  antenna e le v a t io n  a n g le  w ith in  th e  b ro a d c a stin g  s e r v ic e  a rea ;

-  e f f e c t  o f  th e  e c l i p s e  due to  th e  moon.
(G e n e r a lly , o r b i t a l  p o s i t io n  o f  th e  b ro a d ca stin g  s a t e l l i t e  i s  ch osen  about 

20 to  40 d e g r e e s  w estw ard from th e c e n tr e  o f  th e  b r o a d c a s t in g  s e r v ic e  area  to  
overcom e e c l i p s e  b la c k o u t during  s e r v ic e  t im e .)

2 .2  Frequency o f  o p e r a t io n

2 .2 .1  G eneral

In  s e l e c t i n g  a  f r e q u e n c y  b a n d  f o r  a  b r o a d c a s t i n g - s a t e l l i t e  s y s te m , th e  
c h o ic e  o b v io u s ly  i s  c o n s t r a i n e d  n o t  o n ly  t o  th e  f r e q u e n c y  a l l o c a t i o n s  
e s t a b l i s h e d  i n  t h e  R a d io  R e g u la t io n s  f o r  th e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e ,  b u t  
b y  o t h e r  f a c t o r s  s u c h  a s  c u r r e n t  o r  p la n n e d  u s e  o f  c e r t a i n  f r e q u e n c i e s  s h a r e d  
w i th  o t h e r  s e r v i c e s  w i t h i n  t h e  d e s i r e d  a r e a  o f  c o v e r a g e ,  o r  i n  a r e a s  s u b j e c t  to  
i n t e r f e r e n c e  fro m  th e  s y s te m  b e in g  p la n n e d  ( e . g . ,  s e e  R e p o r t  6 3 4 ) .
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The p r i n c i p a l  p r o p a g a t io n  e f f e c t s  to  be ta k e n  i n t o  a c c o u n t  a r e  a t t e n u a ­
t i o n ,  due to  a tm o s p h e r ic  g a s e s  and r a i n ,  and d e p o l a r i z a t i o n .

2 . 2 . 1 . 1  A t t e n u a t i o n

A tm o s p h e r ic  a t t e n u a t i o n  i s  due m a in ly  t o  r a i n  a n d  c lo u d  a t t e n u a t i o n .  I t  
v a r i e s  w i t h  f r e q u e n c y ,  a n g le  o f  e l e v a t i o n  an d  l o c a l  c l i m a t e .  I t  c a n  b e  c l o s e l y  
e x te n d e d  fro m  a  r a i n  a t t e n u a t i o n  m o d e l.

M e a su re m e n ts  t h a t  h a v e  b e e n  c a r r i e d  o u t  i n  E u ro p e * , J a p a n ,  M a la y s ia ,  
A u s t r a l i a ,  U n i t e d  S t a t e s  a n d  F ra n c e  a r e  d e s c r i b e d  i n  A nnex I I .  The v a l u e s  o f  
a t t e n u a t i o n  n o t  e x c e e d e d  d u r in g  99% o r  99.9%  o f  t h e  w o r s t  m o n th  a r e  l i s t e d  i n  
T a b le  I .

T a b le  I .  - Worst-month attenuation observed in different locations 
and at frequencies from 11.6 to 30 GHz

L o c a t io n  o f  
m e a su re m e n ts

F re q u e n c y
(GHz)

E l e v a t io n
a n g le
(d e g )

A t t e n u a t i o n  (dB ) n o t  
e x c e e d e d  d u r in g  g iv e n  

f r a c t i o n  o f  w o r s t  m onth

99 % 9 9 .9  %

E urope* 1 1 .5 20 t o  45 1 . 1 3 .3
F ra n c e  ( P a r i s ) 1 1 .6  arid  11.8 1 . 8 4 .0
F ra n c e  ( B r i t t a n y ) 1 1 .6  a n d  11.8 1 .5 3 .4
J a p a n  (1 2  l o c a t i o n s ) 12 30 to  60 2 .4  ’ 6 .9
M a la y s ia  (K la n g ) 12 , c o r r e c t e d 1 .7  , , 8 .7

to  45
A u s t r a l i a  (D arw in ) 1 2 .7 5 50 6 16 .
A u s t r a l i a  (S y d n e y ) 1 2 .7 5 53 1 20
USA (M a ry la n d ) 1 1 .7 0 2 9 .5 <1 5 .4
USA (N o r th  C a r o l in a ) 1 1 .7 0 ■> 36 1 1 .8

I t 20 36 1 .5 1 1 . 0
If 30 36 2 .4 1 9 .5

* M e a su re m e n ts  done b y  th e  E u ro p e a n  S pace  A gency (ESA) i n  c e r t a i n  c o u n t r i e s  o f  
W e s te rn  E u ro p e .

The r a i n  a t t e n u a t i o n  m odel b a s e d  on  r a i n  f a d e  s t a t i s t i c s  c o r r e s p o n d in g  
to  1% o f  t h e  w o r s t  m on th  h a s  b e e n  a p p l i e d  t o  b o th  f e e d e r - l i n k  a n d  d o w n - l in k  
p l a n n in g  f o r  t h e  12 GHz b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  a s  d e s c r i b e d  i n  
A p p e n d ic e s  30 (O rb  85 ) a n d  30A o f  t h e  R ad io  R e g u l a t i o n s .  (S e e  R e p o r t  723 f o r  a  
m e th o d  o f  e s t i m a t i n g  w o rs t-m o n th  s t a t i s t i c s  from  a n n u a l  s t a t i s t i c s . )

Further information is contained in Reports 564 and 565, and a method for calculating rain 
attenuation can be found in Report 563. .

* Measurements done by the  European Space Agency (ESA) in  c e r ta in  c o u n trie s  o f Western Europe.
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F o r an y  f r e q u e n c y  f(Gtiz) , o t h e r  t h a n  1 1 .5  GHz, a n  a p p ro x im a te  v a lu e  f o r  
th e  a tm o s p h e r ic  a t t e n u a t i o n  Af may b e  c a l c u l a t e d  fro m  th e  v a l u e s  f o r  1 1 .5  GHz, 
A\\s , b y  m eans o f  th e  f o l l o w in g  fo rm u la  w h ic h  i s  v a l i d  fro m  1 1 .0  t o  1 4 .5  G hz:

Af -  Au _s [\ +  0.2 ( / -  11-5)1 dB

Measurements can be corrected with respect to elevation angle by using the 
cosecant law [CCIR, 1978-82a].

L i t t l e  d a ta  on r a i n  a t t e n u a t i o n  i s  a v a i l a b l e  f o r  t r o p i c a l  r a m  
c l im a te s .  More m easurem ents a r e  r e q u i r e d  in  th e s e  a r e a s  above 1 1 .6  GHz to  p ro v id e  
a  u s e f u l  body o f  d a ta .

2 .2 .1 .2  D e p o la r iz a t io n

In addition to their effects on attenuation, clouds and rain can cause depolarization of the signal. 
Statistical analysis of measured results with circular polarization in Region 1 suggests that the level of the 
depolarized component (relative to the level of the co-polar component after attenuation) can be expressed 
approximately in terms of the attenuation caused by the atmosphere, according to the following equation:

Relative level of depolarized component (for circular polarization)

~  -  [30 -  20 log A] dB

where A is the atmospheric attenuation, in decibels.

A ctu a l measurement s t a t i s t i c s  have been a n a ly zed  in  R eport 564 where a more 
d e t a i le d  e q u a tio n  ta k in g  in t o  accou n t th e  in f lu e n c e  o f  freq u en cy  and e le v a t io n  
a n g le  can be found .

A more d e t a i le d  d is c u s s io n  o f  d e p o la r iz a t io n  e f f e c t s  due to  p r e c ip i t a t io n  
can be found in  R eport 8 14 , Annex 5 o f  Appendix 30 (ORB-85) o f  Radio R e g u la tio n s  
and Appendix 30A.

2 .2 .2  E f f e c t  o f  a d d it iv e  ra d io  n o is e

Additive radio n o ise ................. is produced from both natural and man-made sources (power lines,
electrical apparatus, automobile ignition systems). Figure 1 indicates typical noise levels associated with 
these sources, and shows that in the lower part of band 10 and in the greater part of band 9 a minimum of 
noise is introduced depending upon the conditions. sh ou ld  be n o ted  however t h a t ,  w h ile
many m easurem ents o f  im p u ls iv e  n o is e  l e v e l  have been made, e v a lu a t io n  o f  th e se
data  i s  as y e t  in co m p le te  . T h ere fo re , th e  n o is e  l e v e l s  shown in  F igu re 1 must 
be c o n s id e r e d  as p r o v is io n a l .

At present, limited information on the subjective aspects of impulsive noise is available [Pacini 
el al., 1971J. There is insufficient knowledge regarding the dependence of man-made noise on the angle of 
arrival, polarization, frequency, height of antenna, etc., to make adequate engineering analyses of the 
levels likely to be present at the terminals of the receiving antenna.

I n  a d d i t i o n  t o  th e  n o i s e  s o u r c e s  i n d i c a t e d  i n  F ig .  1 , a  s i g n i f i c a n t  i n c r e a s e  
i n  n o i s e  l e v e l  c a n  o c c u r  f o r  s h o r t  p e r i o d s  w hen th e  Sun i s  w i t h i n  t h e  a n te n n a  
beam , i f  n a rro w -b e a m  r e c e i v i n g  a n te n n a s  (b eam w id th  l e s s  th a n  a b o u t  5° )  a r e  u s e d .  
F o r  g e o s t a t i o n a r y  s a t e l l i t e  o r b i t s ,  t h e s e  p e r i o d s  o c c u r  i n  t h e  d a y - t im e  f o r  a 
few  c o n s e c u t iv e  d a y s  i n  s p r i n g  an d  au tu m n . The n o i s e  t e m p e r a tu r e  a n d  th e  a n g u la r  
s i z e  o f  t h e  q u i e t  s o l a r  d i s c  i s  o b s e rv e d  a t  12 GHz a s  a b o u t  12 000 K an d  0 .6 °  
o f  a r c ,  r e s p e c t i v e l y .  E xam ples o f  s o l a r  i n t e f e r e n c e  t o  s m a l l  a n te n n a s  a r e  
d e s c r i b e d  i n  A nnex I I I  o b t a i n e d  b y  th e  e x p e r im e n ts  w i th  t h e  m e d iu m -s c a le  
b r o a d c a s t i n g - s a t e l l i t e  f o r  e x p e r im e n ta l  p u r p o s e s ,  (BSE) o f  J a p a n .
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2 .3  R equired  m argin

The choice of frequency and the desired quality for various percentages of time dictate an operating 
margin (see Report 811) w h ich  depends b o th  on th e  a t t e n u a t i o n  s t a t i s t i c s  a p p l i c a b l e  
to  th e  b r o a d c a s t in g  s e r v i c e  a re a  and on th e  v a lu e s  o f  c a r r i e r - t o - n o i s e  power 
r a t i o  c o r r e s p o n d in g  to  th e  s ig n a l  q u a l i t y  o b j e c t i v e s  and  th e  m o d u la t io n  p aram e­
t e r s  o f  th e  s i g n a l  and  th e  r e c e i v e r .

In the case of frequency modulation it is necessary to keep the carrier-to-noise ratio above the threshold 
for as high as possible a percentage of time (usually 99.9%) and also to achieve a given signal-to-noise ratio 
objective for a specific percentage of time (usually 99%). Thus it is necessary to choose a margin above threshold 
such that both requirements are met simultaneously. This margin should include the atmospheric loss and other 
terms not specifically included in the power budget. Provision should be made in the required value for G /T  Cor 
atmospheric effects on system temperature.

T a b le  I  g iv e s  e x a m p le s  o f  th e  m a rg in s  f o r  a tm o s p h e r ic  l o s s  f o r  t h e  E u ro p e a n  
b r o a d c a s t i n g  a r e a ,  p a r t  o f  t h e  USA, A u s t r a l i a ,  J a p a n  a n d  M a la y s ia .

Note - case operational Japanese broadcasting-satellite BS-2a, the time statistics of carrier-to-noise
ratio exceeding 14 dB for 99% of the time and exceeding 10 dB for 99.95% of the time for a period of 
seven months including the worst months of June and July for rain attenuation, were obtained. The results are 
shown in T a b le  I I .  ;

T a b le  I I  — Time statistics o f  received C /N  ratio 
measured over the period o f  12 May-24 December. 1984

C /N  ratio (dB) 14.0 12.0 10.0 8.0

Time percentage exceeded above 
C /N  ratio (%) 99.0 99.9 99.95 99.98

Frequency: 11.996 GHz

Receiving antenna: 75 cm in diameter (gain: 37.6 dB)

Receiver noise figure: 3.0 dB

Effect of feeder link on 
down-link C /N  ratio: 0.2 dB

Accumulated rainfall during 
the period: 710 mm

Measurement site: Tokyo (rain climatic zone M)

The r e p o r t  o f  JIW P 1 0 -1 1 /3  [CCIR, 1 9 8 6 -9 0 a ]  p o i n t e d  o u t  a  n e e d  o f  s tu d y i n g  
a l t e r n a t i v e  c r i t e r i a  f o r  d e te rm in in g  a p p r o p r ia t e  m a rg in s  f o r  h ig h  d e f i n i t i o n  
t e l e v i s i o n  (HDTV) s i g n a l s  w hich  may r e q u i r e  h ig h e r  c a r r i e r - t o - n o i s e  r a t i o s  th a n  
c o n v e n t io n a l  t e l e v i s i o n  s ig n a l s  and may o p e r a te  i n  f r e q u e n c y  b an d s  w here  a t t e n u ­
a t i o n  m a rg in s  a r e  h ig h e r  th a n  in  th e  12 GHz b a n d s .
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FIGURE 1 -  Noise temperature from natural and man-made sources

Note. -  This graph should be extended to 100 GHz and curves G and H 
should be projected according to the best available data, so as to include 
performance predictions for the 40 and 80 GHz broadcasting-satellite ser­
vice allocations. It. is realized that curve E is in conflict with Fig. 1 of 
Report 258 for frequencies up to 250 MHz. Therefore, curve E and, as a 
result, curve F, should be treated with caution. Administrations and the 
appropriate CCIR Study Groups are requested to study and submit data.

Curves A: Cosmic noise background (Report 205).
B : Minimum cosmic noise (Report 205).
C : Maximum cosmic noise (Report 205).
D: Typical man-made noise in “rural” area (omnidirectional 

receiving antenna (Report 670, Fig. 3).
E : Typical man-made noise in “urban” area (omnidirectional 

receiving antenna) (Report 670, Fig. 3).
F : “Urban” noise, adjusted for a directional antenna orientated 

at angles of elevation greater than 45: noise discrimination 
equal to one half the gain of the antenna (in dB) is assumed 
with a gain of 8 dB at 20 MHz and 25 dB at 2500 MHz.

G: Typical noise due to rainfall and atmospheric absorption for
0.1% of the time: temperate latitudes: angle of elevation 30°.

H: Typical noise due to rainfall and atmospheric absorption for 
1% of the time: temperate latitudes: angle of elevation 30°.

J : Night-time atmospheric noise (Report 322).

2 .4  M o d u la tio n  and r e q u i r e d  b andw id th

The t r a n s m i s s i o n  o f  r a d i o  s i g n a l s  b y  s a t e l l i t e  n o r m a l ly  u s e  a  m o d u la t io n  
m e th o d  t h a t  i n v o l v e s  a  p o w e r-b a n d w id th  t r a d e - o f f .  S a t e l l i t e s  t o  d a t e  h a v e  
g e n e r a l l y  b e e n  p o w er r a t h e r  th a n  b a n d w id th  l i m i t e d  a n d  h a v e ,  therefore,' u s u a l l y  
u s e d  FM. AM, w h i le  h a v in g  a  s i g n i f i c a n t l y  n a r r o w e r  b a n d w id th ,  r e q u i r e s  so  much 
m ore p o w er t h a t  i t  h a s  n o t  b e e n  c o m p e t i t i v e .  FM a l s o  h a s  t h e  a d v a n ta g e  o f  b e in g  
a  c o n s t a n t  e n v e lo p e  s i g n a l  an d  i s ,  t h e r e f o r e ,  n o t  a s  s e n s i t i v e  t o  t r a n s p o n d e r  
a m p l i tu d e  n o n - l i n e a r i t i e s .

R e p o r t  632 d i s c u s s e s  d e t a i l s  o f  th e  m o d u la t io n  m e th o d s  u s e d  f o r  s a t e l l i t e  
s y s te m s  i n c l u d i n g  a  c o m p a r is o n  o f  FM w i th  d i g i t a l  m o d u la t io n  t e c h n i q u e s .
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2 . 4 . 1  Television broadcasting using frequency modulation

The r e q u i r e d  RF b a n d w id th ,  b, f o r  v id e o  co m b in ed  w i t h  a n  a u d io  FM s u b ­
c a r r i e r  i s  a p p r o x im a te d  b y  t h e  f o l lo w in g  e q u a t io n :

k ”  ^b(p-p) + 2-ffc .

w h e re  Db(p-p) i-s  t îe  p e a k - t o - p e a k  d e v i a t i o n  o f  th e  c a r r i e r  b y  t h e  c o m p o s i te  
b a s e b a n d  s i g n a l  a n d  f5 i s  t h e  c o m p o s ite  b a s e b a n d  b a n d w id th .

System performance for video baseband signals only is discussed in § 3/1. Artificial energy 
dispersal, a technique useful to facilitate sharing with other services whose signal energy is confined to 
bandwidths much smaller than those required for FM analogue transmission (as is the case for  the BSS) 
would increase the bandwidth occupied by the signal from the satellite. (A requirement to employ artificial 
energy dispersal of 600 kHz on all transmissions serving Regions 1 and 3 is incorporated in the Radio 
Regulations, Appendix 30. Energy dispersal is also required in some circumstances on transmissions 
serving Region 2.) Other details are discussed in §2.4.4and are given in Report 631.

In the 12 GHz band, laboratory tests have shown that for frequency-modulation transmission of a 
625-line colour television signal accompanied with sound transmitted by a frequency-modulation sub­
carrier, a good compromise was obtained between the transmitter bandwidth and the quality of the signal 
for a radio-frequcncy bandwidth of about 25 MHz. ‘

Some tests carried out in Japan ---------------------  have shown that in the transmission of
frequency-modulated television signals accompanied by sound signals in a single channel, using a 
multiplexed frequency-modulation sub-carrier at 4.5 MHz, satisfactory results can be obtained with a . 
bandwidth of 23 MHz. Moreover, advantage can be taken of over-deviation to transmit six supplementary 
sound signals of medium quality, by means of a second subcarrier using frequency modulation and 
time-division-multiplexing by pulses. '

The bandwidth occupied by a signal from a broadcasting satellite must be increased to accommo­
date one or more sound channels. Typically this increase is a quite small percentage of the bandwidth 
required for the video alone. The radio-frequency channel width of the satellite transmitter must also be 
larger than the occupied bandwidth to account for both transmitter frequency instability and to keep 
adjacent channel interference to acceptably small values.

The increase in bandwidth to accommodate both sound channels and guard bands is of the order 
of 10% of the radio-frequency bandwidth, b.

F u rth er d e t a i l s  on th e  s ig n a l  c h a r a c t e r i s t i c s ,  bandw idth req u irem en ts and 
system  perform ance f o r  th e  baseband s ig n a ls  b ein g  c o n s id e r e d  f o r  fu tu r e  s a t e l ­
l i t e  b r o a d c a s t in g  system s a re  g iv e n  in  R eport 1075 .

2 . 4 . 2  Sound broadcasting

F o r  s o u n d  b r o a d c a s t i n g ,  b o th  FM an d  d i g i t a l  m o d u la t io n  a r e  c o n s i d e r e d .

M o d u la t io n  m e th o d s  a n d  r e q u i r e d  b a n d w id th  a r e  i n d i c a t e d  i n  R e p o r t  955 a n d
R e p o r t  1 2 2 8 . The s y s te m s  d e s c r i b e d  i n  R e p o r t  955 a r e  i n t e n d e d  f o r  u s e  i n
b a n d s  7 a n d  9 f o r  p o r t a b l e ,  m o b ile  an d  f i x e d  r a d i o  r e c e i v e r s .  T he s y s te m s
d e s c r i b e d  i n  R e p o r t  1 228  a r e  i n te n d e d  f o r  th e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e
i n  t h e  12 GHz b a n d ,  g e n e r a l l y  f o r  f i x e d  r e c e p t i o n .

2 .4 .3  Frequency d e v ia t io n  and p re-em phasis

Planning of the broadcasting-satellite service has been based on the use of pre-emphasis characte­
ristics given in Recommendation 405. However this does not preclude the use of other pre-emphasis 
characteristics, provided that the use of such characteristics does not cause greater interference (Radio
Regulations, Appendix 30 (ORB-85) (Annex 5, § 3.1.3)). —---------------— {D'Amato and Stroppiana, 1979)
illustrate the results of an investigation carried out in order to optimize the pre-emphasis characteristic. All 
the factors affecting the signal quality (threshold noise visibility, spurious amplitude modulation, distor­
tions, sound-on-video and video-inlo-sound crosstalk) have been taken into consideration. The experi­
mental data support the use of the current CCIR recommended pre-emphasis characteristic for 
broadcasting satellites.
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The p r e -e m p h a s is  s p e c i f i c a t i o n s  f o r  th e  s ig n a l  fo rm a ts  recommended f o r  u se  
w ith  fu tu r e  b r o a d c a s t in g  s a t e l l i t e  sy s te m s  a r e  g iv e n  in  a S p e c ia l  P u b l ic a t io n  o f  
th e  CCIR [CCIR, 1 9 8 8 ] .

[CCIR, 1 9 7 4 -7 8 a] considers a technique for improving the video signal-to-noise ratio on an 
FM satellite link by optimizing the frequency deviation and the pre-emphasis characteristic simultaneously.
Further studies are required to establish the applicability of this technique to the broadcasting-satellite 
service.

2 .4 .4  Energy d is p e r s a l  in  fe e d e r  and down l in k s

Energy dispersal is used in connection with FM-TV transmissions via FSS satellites in order to 
reduce interference to other systems which share the same frequency bands. In the case of broadcasting- 
satellite transmissions, energy dispersal may be required on the down link in order to protect terrestrial 
radio-relay links while, on the feeder link, it may be required in order to protect transmissions to 
fixed-service satellites at neighbouring orbit locations, sharing the same frequency bands (e.g. 14 to
14.5 GHz). {Note. -  The 11, 14.5 to 14.8 and 17 GHz bands (Earth-to-space) are limited to feeder links
for the BSS. W orldwide p la n s  fo r  f e e d e r - l in k  assign m en ts in  th e  14 and 17 GHz 

bands were d ev e lo p ed  a t  RARC-83 and WARC-ORB 8 8 , and a re  g iv e n  in  Appendix 30A 
o f  th e  Radio R e g u la t io n s .)

In  p r in c ip le ,th e  required energy dispersal bandwidth is different in the two directions of transmis­
sion, typically being greater on the feeder link. On the other hand, it is desirable. to use the smallest
possible dispersal bandwidth on the down link so that the cost oif removing the dispersal signal in home
television receivers can be. minimized. Similarly, dispersal at the television line frequency may be most 
effective in the feeder link for protecting fixed-satellite transmissions, while a television frame frequency 
dispersal signal may be less expensive to remove on the down link. If such a conflict arises between the 
requirements for the feeder and down links, consideration should be given to energy-dispersal modulation 
conversion in the broadcasting satellite as one possible means of improving orbit conservation. Further 
study is required on the need for and practicability of this technique, .

In  p r a c t i c e ,  th e  am ounts o f  en e r g y  d i s p e r s a l  t o  b e  u s e d  i n  c o n n e c t io n  w ith  
th e  a ssig n m en ts  in  th e  12 GHz d ow n -lin k  P lan s and th e  14 and 17 GHz f e e d e r - l in k
P lan s are  g iv e n  in  A ppendices 30 (ORB 85) and 30A r e s p e c t iv e ly .

2 .4 .5  P r e s e r v a t io n  o f  d . c .  component in  freq u en cy  m od u lators

In order to obtain the maximum utilization of the available bandwidth by either monochrome or 
colour signals, the centre frequency of the carrier modulated by a video signal should be preserved (e.g. by 
preservation of the d.c. component in the frequency modulator), especially in satellite circuits which 
operate under constraints of power and bandwidth. .

The centre frequency can be constrained to correspond to the mid-point of a pre-emphasized peak 
white.video signal [AuBC, 1983]. ... . . .  . -

. If the centre frequency is not preserved, then not only could system performance be impaired, but 
signals could be radiated outside the assigned channel bandwidth during periods of rapid changes in 
luminance, thus creating the possibility of interference to second adjacent channels. More restrictive filters, 
with all their limitations, would then be required at the output of the modulator to suppress these 
out-of-band signal components. . • '

In the case of transmissions employing multiplexed analogue components (MAC), the pre-emphasis 
characteristic likely to be employed will attenuate Ipw video frequencies only slightly. Therefore it is even 
more important for such systems to preserve the centre frequency corresponding to the central value of the 
video signal [CCIR, 1 9 8 8 ] .
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2 .5  Satellite e.i.r.p. and earth receiver figure of merit (G/T)

2 .5 .1  Optimizing satellite e.i.r.p. and earth receiver figure of merit

In any satellite communication system there are usually trade-offs to be made between satellite and ground 
terminal cost and complexity, therefore one of the key trade-offs involves the e.i.r.p. of the satellite as a function 
of the figure of merit {G/T) of the ground terminals. With all other system parameters unchanged, e.i.r.p. and 
G/T c an  b e  v a r i e d  a s  lo n g  a s  t h e i r  sum re m a in s  c o n s t a n t .  F ig u r e  2 show s 
g r a p h i c a l l y  th e  sum o f  e.i.r.p. and  f i g u r e  o f  m e r i t ,  i n  th e  c a s e  o f  12 GHz 
sy s te m s  w i th  a  minimum S/N o f  45 dB, f o r  v a r io u s  b a n d w id th s  an d  minimum C/N 
r a t i o s .  No l o s s e s  o t h e r  th a n  th e  f r e e  s p a c e  l o s s  a r e  i n c lu d e d .  A n a lo g o u s  r e s u l t s  
c a n  b e  o b ta in e d  i n  th e  c a s e  o f  o t h e r  f re q u e n c y  b an d s  o r  o t h e r  minimum S/N 
r a t i o s .

The a v a i l a b le  s a t e l l i t e  e . i . r . p .  p e r  ch an n e l f o r  a g iv e n  s a t e l l i t e  t r a n s ­
m i t t e r  o u tp u t  power depends on th e  t r a n s m i t t in g  an ten n a  g a in  c o r re s p o n d in g  to  
th e  r e q u ir e d  co v erag e  a r e a .  High e . i . r . p .  s a t e l l i t e  d e s ig n e d  to  p ro v id e  s e v e r a l  .
t e l e v i s i o n  c h a n n e ls  to  la r g e  g e o g ra p h ic a l s e rv ic e  a re a s  a r e  c u r r e n t l y  d i f f i c u l t  
to  im plem ent b ecau se  o f th e  h ig h  p rim ary  power r e q u ir e d .

Other system options available for decreasing the required e.i.r.p. are to use modulation methods which 
require less power, or to obtain sufficient video compression so that digital modulation techniques become power 
effective (see Report 631).

Determ ining the effects o f increasing the antenna site  of receiving earth stations is fairly straightforward, since gain as a 
function of size is well known and antenna cost data are available. Practicality (m ounting, wind loading, e tc .), particularly for  

home (individual) use, m ust also be considered. Further information is given in §3 of Report 473.

FIGURE 2 -  Parametric surface fo r  the determination o f  the optimum bandwidth 
(minimum video S /N  = 45 dB)
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2 . 5 . 2  System calculation formulae

The relationship between satellite e.i.r.p. and earth-station figure of merit is:

C /N d  = e.i.r.p. — LFS + G /T  — 10 log kB  — LA — LR or

e.i.r.p. =  C / T  •+• L fs -b Ta -b Lr — C /  T  dB

where:

C /N d : m inimum acceptable carrier-to-noise ratio (dB);

C /T : carrier-to-noise temperature ratio of the space-to-Earth path, (dBW (K-1));

e.i.r.p. :: equivalent isotropically radiated power from the satellite towards a point 
required service area (dBW);

on the edge of the

k : 10 log Boltzmann’s constant (dB(W K-1 Hz-1));

L fs  '• free space path loss on the space-to-Earth path (dB)

=  20 log AtiR /X  (where R  is the distance and X is the wavelength measured in the same units);

La ■ path loss due to clear air absorption (dB);

L r : fade level due to rain (dB);

G / T : minimum, degraded value of the receiver figure of merit (dB(K-1));

B : noise bandwidth o f an individual channel (Hz).

The required satellite e.i.r.p. can be converted into required satellite transm itter output power, Ps , if the 
satellite antenna gain, GT is known:

Ps =  e.i.r.p. — Gt dB

The half-power beamwidth 0O can be determined once satellite antenna gain is specified:

0O =  ]/27 8 4 3 /Gt =  225(X/nD) .

where GT is the antenna gain expressed as a ratio and D is the diameter o f the antenna expressed in the same 
units as X, the wavelength. An antenna aperture efficiency of 55% has been assumed.

Determination of exact coverage area on the ground is complicated because of the difficulty of 
determining the intersection of the satellite antenna beam with the spherical surface of the earth. For beams 
directed near the sub-satellite point, a 1.5° beam produces a coverage area with a diameter o f about 1000 km. The 
same beam directed towards higher latitudes, or towards areas far removed in longitude from the sub-satellite 
point will cover a much larger area on the surface of the Earth [Ostrander, 1967; Sollfrey, 1966].

The following relationship exists between the magnitudes of field strength and power flux-density.

The straightforward conversion between the unit of field strength, £, (dB(pV/m)) and power flux- 
density O, (dB (W /m 2)) is:

O =  £  -  145.8

There are several additional useful relationships:

— the noise power in a 1 MHz bandwidth is -1 4 4 .0  dBW at a noise temperature of 290 K,

— 1 pV e.m.f. in a 75 O source corresponds to an available power of -144 .8  dBW,

— 1 pV e.m.f. in a 50 Cl source corresponds to an available power of —143.0 dBW.
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The relation between the e.i.r.p. of a geostationary satellite and the power flux-density at the surface of the 
Earth is:

' power-flux density =  e.i.r.p. — spreading loss +  B — W  — X

where:

power-flux density is in dB(W /m 2) in the reference bandwidth B

e.i.r.p. is in dBW

B (reference bandwidth) is in dBHz '
(See Note 1)

W  (actual signal bandwidth) is in dBHz ( W  >  B)

X  is a factor, in dB, which takes into account the uniformity of the signal spectrum over its bandwidth W. 
X  ranges from 0 dB when the signal spectrum is flat, to ( B — W) dB when the signal bandwidth W < B.

For the point on the Earth at latitude (p° and relative longitude (sub-satellite point =  0°) A.° and with 
cos A =  cos X cos (p, we obtain the following relationship:

Angle A spreading loss, dB(m2)
(degrees) (See Note 2)

0 (sub-satellite point) 162.1
80 163.4

For an angle of elevation e, with tan e = (cos A — 0.1513)/sin A, we obtain the following relationship:

Angle £ spreading loss, dB(m2)
(degrees) (See Note 2)

0 163.4
90 \ . 162.1

Note 1. — The reference bandwidth has various values. For space research, it is 1 Hz; for the fixed-satellite 
service it can be 4 kHz, or 1 MHz, depending on the characteristics of the terrestrial, service with which a band is 
shared. When the emission of a satellite is not uniformly distributed over its necessary bandwidth, the limit on 
power flux-density is usually construed to apply to the “worst” reference bandwidth.

Note 2. — The e.i.r.p. (dBW) minus the spreading loss in dB(m2) is equal to the power flux-density (dB(W /m 2)), 
atmospheric loss not included.

The fo r e g o in g  form ulae are t y p ic a l  o f  th o se  u sed  in  c o n n e c t io n  w ith  th e  
p la n n in g  o f  b r o a d c a s t in g  s a t e l l i t e  and fe e d e r  l in k  freq u en cy  a ss ig n m en ts  in  th e  
12 and 1 4 /1 7  GHz bands r e s p e c t iv e ly .

3 _ Quality of reception

3 .1  General considerations

The quality o f the television image on the receiving screen depends on the signal-to-noise ratio, the level 
and nature o f any interference and on the various distortions occurring in the transmission chain (studio, 
terrestrial link, feeder link, satellite transmitter, signal path, receiver). Various methods of making subjective
assessments o f the quality of television pictures and the parameters involved are given in Report 405.
The recommended method fo r  a s s e s s in g  th e  q u a lity  o f  t e l e v i s i o n  p ic t u r e s  i s  g iv e n  
in  Recommendation 500 .
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It seems to be important to determine the overall performance of the entire system and then define 
appropriate specifications of components, such as satellite repeaters and home receivers, in the form of target 
values. Table III of this Report shows typical major parameters of components used in the satellite broadcasting 
system, and it mainly deals with the least preferable quality determined at the edge of the service area for 
planning purposes. As satellite broadcasting is capable of delivering a high quality TV signal comparable to that 
of the studio to the general public, it is practicable to set a higher quality standard.

TABLE III — Parameter values

Component of the chain

Parameter

Differential
phase

(degrees)

Differential
gain

(%)

Chrominance/ 
luminance 

gain inequality 
(%) .

Chrominance/ 
luminance 

delay inequality 
(ns)

Signal-to-noise
ratio

(weighted)
(dB)

Studio ± 5(‘) ± 5(‘) ± 5(') ± 10 48
Terrestrial circuit ± 5(‘) ±10(‘) ± 1 0 0 1+ o 56(2)
Satellite system ; ± 5 0 ± 1 0 0 ±100) 1+ o

Domestic receiver ± 10(5) ± 1 5 0 0 ± 100 46(4)

(') Statistical variable and not exceeded at least for 80% of any month.
O  Exceeded at least for 80% of any month.
(3) It is assumed that the receiver distortion is equalized by manual chroma control.
(4) This assumes an unweighted signal-to-noise ratio of 33 dB, and a noise-weighting factor (including effect of pre-emphasis) 

of 13 dB. The minimum performance would be achieved at the edge of the service area in the least favourable case, for 99% of 
the time. •

(5) Studies have shown that these tolerances can be achieved in practice with simple filters without correction circuits in the 
receiver, when the frequency deviation is about 14 MHz/V and the —3 dB bandwidth is 27 MHz. As a first approximation, 
these values may be considered as constant with time.

The television signal transmission standard for the hypothetical reference circuit (2500 km) shown in 
Recommendation 567 may be considered as a reference. Target performance for the part o f the satellite 
broadcasting chain which is to replace the terrestrial broadcasting chain is shown by example in Table IV .In  
practice, the appropriate overall target performance should be established by giving consideration to its 
achievability for each component and by individually investigating the distribution ratio so that the total required 
cost is minimized. Report 405, Annex II indicates that there is a possibility o f another law of addition to find 
overall impairment distribution between different items. Account may also be taken of the above consideration. 
Further study on this matter is invited. ■

The signal-to-noise ratio is a very im portant parameter in calculating television systems and planning 
transmission networks and for this reason attention is focused on this particular parameter. In selecting the 
required value of the signal-to-noise ratio, account must in many cases also be taken of other television signal 
distortions. In television, the signal-to-noise ratio at video frequencies is defined as the ratio, expressed in decibels, 
o f the nominal peak-to-peak am plitude of the picture-luminance signal to the r.m.s. value of the noise in the 
working video frequency band (Recommendation 567).

The quality of service provided by a broadcasting-satellite system (which will be substantially uniform over 
the whole service area) should be higher than that recommended for the edge of a terrestrial broadcasting service 
area (in which the quality is very much better at the centre than at the edge). Two grades of reception quality 
(primary and secondary) are defined in Recommendation 566.

The objectives to be aimed at for reception quality for community reception should be good, to meet the 
special requirements of educational programmes in television transmission and should certainly not be lower than 
those considered appropriate to a terrestrial broadcasting system intended for individual viewing.
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The subjective effect of noise depends upon the spectral distribution of the noise energy within the 
video-frequency band. When measuring noise power, it is common practice to use weighting networks which take 
account of this fact, with the result that the weighted noise power at video frequencies is lower than the total noise 
power by a factor depending on the spectral distribution. For most television systems, the available weighting 
networks are designed so that, for various spectral distributions of the noise, the measurements more closely 
represent the subjective impression on monochrome pictures than do unweighted noise measurements; for colour 
television, the subjective effect needs special consideration.

— Example o f  the major television transmission 
characteristic allocations fo r  a composite video system

Item Overall
characteristics

Allocation to 
the receiving 
equipment(1)

Distribution
factor

Law of 
addition (4)

Continuous random noise 
ratio (dBp_p/r ni 5 ) (2) 53 48/54 <3> 0.9 2

Periodic noise ratio: 

Power supply hum
(dBp.p/p_p) 35 —/41 0.5 2

Single frenquency (dBp.p/p.p) 
(more than 1 kHz) 55 —/58 0.5 2 •

Differential gain (%) 10 10/6 0.5 1.5

Differential phase (deg.) 5 5/3 0.5 1.5

Short time overshoot (%) 15 —/8 0.5 no law

Steady-state characteristics:

Gain/frequency (dB)
(500 kHz -  4.2 MHz) ± 1 ± 1.0/± 0.6 0.5 1.5

Delay/frequency (ns) 
(500 kHz -  4.2 MHz) ± 100 ~ / ±  60 0.5 1.5

(') Values shown are: minimum standard/target performance.
Minimum standard means that this is a minimum acceptable standard anywhere within the service area. 
Target performance means that this is an objective for good quality achievable within the service area.

(2) Signal-to-random noise ratio includes all sources of random noise not only from the front end but z'so 
from the IF stage and video amplifiers.

(3) The WARC-BS-77 indicated 14 dB C /N  for 99% of the worst month at the edge of the service area. 
This figure indicates an expected value for 50% of the time in the main part of the service area.

(4) Overall performance D, can be calculated by using sub-system performance D, and law of addition p as 
follows:

[ 2  ( A r ] 1" .
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3 .2 .1  Video transmission

A m ethod  o f  c a l c u l a t i o n  o f  s i g n a l - t o - n o i s e  r a t i o  a f t e r  d e m o d u la tio n  
f o r  f r e q u e n c y  m o d u la t io n  t e l e v i s i o n  s i g n a l s  i s  g iv e n  b y

:S/N = C/N + 1 0 1 o g {3 (D p _ p /fv ) 2 } + 1 0 1 o g ( b /2 f v ) + kw (dB)

where:

S/N : ratio of peak-to-peak luminance amplitude to weighted r.m.s. noise (dB)
C/N: pre-detection carrier-to-noise ratio in the radio-frequency bandwidth (dB)

Dp.p: peak-to-peak deviation by video signal (including synchronization pulses)
/„ : highest video frequency; (e.g. 4.2 MHz in the case of System M)
b : radio-frequency bandwidth (usually taken as Dp.p 4- 2fv)
kw: combined de-emphasis and weighting improvement factor in frequency modulation systems (dB)

( s e e  T a b le  V ).

JFor e x a m p le , i n  T a b le  V I, th e  v id e o  s i g n a l - t o - n o i s e  r a t i o  i s  e v a lu a t e d  
u s in g  ith e  e q u a t io n  g iv e n  a b o v e , a s su m in g  a  C/N o f  14 dB, an d  a  f r e q u e n c y  
d e v i a t i o n  due to  v id e o  o f  12 MHz p e a k - to - p e a k  ( s e e  A p p en d ix  30 o f  th e  R ad io  
R e g u l a t i o n s ) , w h ere  th e  h i g h e s t  v id e o  f r e q u e n c y  f o r  t h e  s y s te m  i n  u s e ,  fv, i s  
t a k e n  /from  R e p o r t  624 an d  th e  com bined  d e -e m p h a s is  an d  w e ig h t in g  im provem en t 
f a c to r , ,  kw> i s  t a k e n  from  T a b le  V.

TABLE V -  Video-frequency noise weighting-network reduction factor fo r  monochrome television

Weighting (dB) Weighting including 
de-emphasis, kw (dB)

Triangular
noiseWhite noise Triangular noise

B, C, E,:F, G, H and M (Japan) 8.5 16.3 16.3

D, K, L 9.3 17.8 18.1

I 6.5 12.3 12.9

M (Canada, USA) (i) 6.8 10.2 13.8

(l) Weighting factors for 525-lines System M (Canada, USA) are based on Recommendation 567. (Values according to Report 637).

Note -  When using pre-emphasis according to Recommendation 405, the combined effect of weighting and de-emphasis fortriangular noise 
is approximately the same as that of weighting alone. More details are given in Report 637.

E xam ples o f  th e  a p p l i c a b l e  v id e o  n o i s e  w e ig h t in g  r e d u c t i o n  f a c t o r  a r e  g iv e n  
i n  T a b le  V. F o r  f u r t h e r  d e t a i l s ,  s e e  R e p o r t  637 .

TABLE VI - Typical video signal-to-noise ratios

S ystem fv (MHz) kw (dB) S/N (dB)

M 4 .2 1 3 .8 4 5 .5

B an d  G 5 .0 1 6 .3 4 6 .1

D, K an d  L 6 .0 1 8 .1 4 5 .9

I 5 .5 1 2 .9 4 1 .7
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3 . 2 . 2  Audio transmission

The unweighted signal-to-noise ratio of accompanying audio channels, which consist of FM sub-carriers 
located above the video baseband, is determined by the following equation:

audio channel r.m.s. signal to r.m.s. noise ratio (dB); 
peak deviation of the main carrier by the sub-carrier (MHz); 
peak deviation of the sub-carrier by the audio (MHz); 
frequency of the sub-carrier (MHz); 
highest audio frequency (MHz); 
pre-detection carrier-to-noise ratio (dB);

combined improvement factor due to pre- and de-emphasis for the audio channel (dB). (See 
CMTT Report 496, Table II, for improvement factors corresponding to various audio channel 
baseband bandwidths);
pre-detection RF bandwidth (MHz) defined by th e  e q u a t i o n  i n  § 2 . 4 . 1 .

The a u d io  s i g n a l - t o - n o i s e  r a t i o  ( a f t e r  d e m o d u la t io n )  i s  e v a l u a t e d  i n  
T a b le  V II  u s i n g  th e  e q u a t i o n  g iv e n  a b o v e , a s su m in g  t h e  sam e C/N o f  14 dB an d  
f r e q u e n c y  d e v i a t i o n  b y  t h e  c o m p o s ite  b a s e b a n d  s i g n a l  w h ic h  i s  a p p r o x im a te d  to  b e  
t h e  d e v i a t i o n  d u e  t o  t h e  v id e o  s i g n a l ,  o f  12 MHz p e a k - t o - p e a k .

The f o l lo w in g  s y s te m  v a lu e s  a r e  a p p l i e d ;

- P e a k  d e v i a t i o n  o f  t h e  s u b c a r r i e r  b y  th e  a u d io  (Da ) 
a t  t h e  s u b c a r r i e r  f r e q u e n c y  (fs)

- C om bined  im p ro v em en t f a c t o r  (ka ) 
due  t o  p r e -  a n d  d e -e m p h a s is  f o r  th e  p r e d e t e c t i o n  
RF b a n d w id th  (b) a s  d e f in e d  i n  § 3 .2 .1 ,  b u t  
u s i n g  c o m p o s i te  b a s e b a n d  p a r a m e t e r s . 1

- P e a k  d e v i a t i o n  (Ds ) 
due  t o  a  so u n d  s u b - c a r r i e r  a m p l i tu d e  
e q u a l  t o  a b o u t  30% o f  th e  t o t a l  p e a k -  
t o - p e a k  d e v i a t i o n  o f  th e  c a r r i e r 2

E x am p les o f  t h e  a u d io  s i g n a l - t o - n o i s e  r a t i o  v a lu e  w h ic h  c a n  b e  e x p e c te d  a r e  
g iv e n  i n  T a b le  V I I .

TABLE V II  - Typical audio signal-to-noise ratios

S y stem Da (MHz) fs (MHz) b (MHz) S/N (dB)

M 0 .0 2 5 4 .5 21 4 9 .7
B a n d  G 0 .0 5 0 5 .5 23 5 4 .4

D, K an d  L 0 .0 5 0 6 .5 25 5 3 .3

I 0 .0 5 0 6 .0 24 5 3 .8

15 kHz 

9 dB

1 .8  MHz

where:
S/N0: 
Ds :
D„ : 

f -

fa'- 
C/N : 

ka :

b:

1 S ee R e p o r t  4 9 6 , T a b le  I I ,  w h i te  n o i s e  c o n d i t i o n s .
2 S ee R e p o r t  6 3 2 .
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3 .2 .3  Combined video and audio

O th e r  co m b in ed  v id e o  a n d  a u d io  m o d u la t io n  sc h e m e s , s u c h  a s  v id e o  w i th  
m u l t i p l e  a u d io  FM s u b - c a r r i e r s  o r  w i th  d i g i t a l  a u d io  m o d u la t io n  a r e  d e s c r i b e d  i n  
R e p o r ts  6 3 2 , 1073 a n d  1 0 7 4 . A d d i t i o n a l l y ,  R e p o r t  632 g iv e s  s u b j e c t i v e  r e s u l t s  o f  
p i c t u r e  an d  so u n d  q u a l i t y  a s  a  f u n c t i o n  o f  c a r r i e r - t o - n o i s e  r a t i o .

3 .3  Influence of standards for television

To p r o v id e  a  t e l e v i s i o n  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e ,  t h e  f o l l o w in g  may 
b e  c o n s id e r e d :

— to  t a k e  i n t o  a c c o u n t  t h e  s p e c i f i c  n e e d s  o f  th e  b r o a d c a s t i n g - s a t e l l i t e  
s e r v i c e  a s  g iv e n  i n  R eco m m en d atio n  650 an d  R e p o r t  1073 ;

— to match exactly the existing standards as employed for terrestrial broadcasting in the geographic area of 
interest;

— to provide a receiving device to convert the satellite signal into one usable by a standard receiver;

— to provide a receiver designed specifically for the broadcasting-satellite service.

3 .4  Influence of the feeder link
The overall carrier-to-noise ratio is related to the feeder-link carrier-to-noise ratio and the down-link 

carrier-to-noise ratio by a relationship which must include the two following factors [CCIR, 1 9 7 8 -8 2 b ] :
— the transfer characteristic of the satellite transponder,
— the statistics of rain attenuation on the feeder links and down links.

F o r  e x a m p le , t o  l i m i t  a n  im p a irm e n t o f  th e  c a r r i e r - t o - n o i s e  r a t i o ,
C/N, of t h e  down l i n k  to  0 .5  dB, ow ing  to  th e  p r e s e n c e  o f  th e  f e e d e r  l i n k  i n
c a s e  o f  s im u l ta n e o u s  f a d i n g  due  to  r a i n  a t t e n u a t i o n  on  b o th  l i n k s ,  a  C/N of
24 dB i s  r e q u i r e d  i n  t h e  f e e d e r  l i n k .  B o th  v a l u e s ,  1 4 .5  dB an d  24 dB, a r e  
c a l c u l a t e d  f o r  99% o f  t h e  m o s t u n f a v o u r a b le  m onth  a t  a l l  p o i n t s  w i t h i n  th e  
s e r v i c e  a r e a .

Where small fixed or transportable feeder-link terminals are to be employed, it may be desirable to make 
{C/N)u somewhat smaller in order to keep the power and cost of the feeder-links within reasonable bounds and 
to reduce the interference of the feeder-link transmissions into nearby terrestrial microwave links. Further details 
of this partitioning of link noise contributions are given in Report 952.

Feeder links, including their importance in planning, are considered in detail in Reports 561 and 952.

4 . S y stem  e x a m p le s

The tables in this section give, purely as illustrative examples, the parameters of broadcasting-satellite
systems, using a geostationary satellite of a type that might be possible in the future. It will be observed that some
of the examples call for transmitter powers greater than those likely to be practicable for many years. 
Furthermore, these examples do not take into consideration frequency sharing with other services. However, the 
parameters of these examples might be modified to correspond to other possibilities which demand less satellite 
power.

Note. — Examples given are for the bands allocated by the World Administrative Radio Conference, 
Geneva, 1979. Attention is drawn to the fact that different assumptions are made in the various examples, 
particularly regarding the reception quality, the receiving installation (noise factor, antenna size) and the area 
served as determined by the transmitting antenna beamwidth. For this reason, caution must be exercised when 
comparing the transmitter powers, etc., indicated in the tables.

The way in which the values given in the tables for the transmitter power in the satellite may be modified, 
if adjustment is made to any of the assumed parameters, is summarized below:
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— assuming the use of a transm itting antenna beam of circular cross section, halving the beamwidth will permit 
a reduction of power by 6 dB. Doubling the beamwidth will require 6 dB more power.

— an increase in the signal-to-noise ratio, made in order to achieve better quality, will require a corresponding 
increase (in decibels) in the transm itter power. Similarly a decrease will permit an equivalent decrease in the 
power, but with frequency m odulation, the deviation and radio-frequency bandwidth have to be lowered, if 
the region of the threshold of the discriminator is approached;

— an increase in the factor of merit of the receiving system will lead to a reduction (by an equal am ount in 
decibels) of the transm itter power required and vice versa.

Thus the examples, modified as desired, can serve to indicate the conditions that would be required to 
enable the public to receive broadcast programmes whose technical quality would be com parable at all times with 
that o f the services provided in the conventional way by a network of terrestrial transmitters.

These examples derive the field strength required for certain stated receiver characteristics. O ther 
assumptions can be made which deal with colour television systems which will result in different required field 
strengths, and different requirements for satellite e.i.r.p. The object o f all of these examples is to establish a 
reasonable range of satellite power output requirements for a broadcasting-satellite service.

4 .1  Television broadcasting

T a b le s  V i l l a  a n d  V U I b  p r e s e n t  e x a m p le s  o f  com m unity  r e c e p t i o n  a n d  i n d i ­
v i d u a l  r e c e p t i o n  t e l e v i s i o n  s y s te m s ,  r e s p e c t i v e l y ,  w i t h  d i f f e r e n t  f r e q u e n c i e s .

T e l e v i s i o n  b r o a d c a s t i n g  s t a n d a r d s  f o r  s a t e l l i t e  b r o a d c a s t i n g  a r e  d e s c r i b e d  
i n  R eco m m en d a tio n  650 a n d  R e p o r t  1 0 7 3 , an d  d e s c r i p t i o n s  a b o u t  m u l t i p l e x e d  
a n a lo g u e  co m p o n en t t e c h n i q u e s  a r e  g iv e n  i n  R e p o r t  1 0 7 4 .

4 .2  Sound broadcasting

T a b le  IX  p r e s e n t s  — alternative examples of parameters for providing a number of sound
channels each suitable for monophonic services for individual reception at 12 GHz. Stereophonic broadcasts can 
be made using two (or more) such channels (see Report 632). Some sound channels could also be associated with 
television programmes, additional to the sound channel transmitted as proposed in §4 . 1 .

I n  G erm any ( F e d e r a l  R e p u b l ic  o f )  a  d i g i t a l  s a t e l l i t e  r a d i o  s y s te m  (DSR) 
d e s ig n e d  f o r  t h e  e m is s io n  o f  16 s t e r e o p h o n ic  d i g i t a l l y  e n c o d e d  so u n d  p rog ram m e 
c h a n n e ls  h a s  b e e n  i n  o p e r a t i o n  s i n c e  1 9 8 9 . The u s e  o f  o t h e r  s y s te m s  i s  u n d e r  
c o n s i d e r a t i o n .  The d e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  s y s te m s  a r e  g iv e n  i n  R e p o r t s  
955 a n d  1 2 2 8 1.

Report 955 presents the results of studies of satellite sound broadcasting systems operating in other bands 
for individual reception.

4 .3  High definition television

D e s c r i p t i o n s  o f  HDTV s y s te m s  an d  e x a m p le s  o f  l i n k  p a r a m e te r s  f o r  HDTV 
s i g n a l s  u s i n g  b r o a d c a s t i n g  s a t e l l i t e s  i n  v a r i o u s  f r e q u e n c y  b a n d s  a r e  g iv e n  i n  
R e p o r t  1 0 7 5 . ,
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TABLE V i l l a  - Examples of community reception television system parameters

Param eter 1 2 3 4 5 6 Remarks

1 . Svstem

Frequency o f  c a r r ie r  (GHz) 0 .7 2 .6 12 1 2 .5 2 2 .7 5 42 Note 7

A pproxim ate e q u iv a le n t  
^ rectan gu lar bandwidth (MHz) 19 20 27 24 40 40 N ote 1

£ a r r i e r - t o - n o i s e  r a t io  
b e fo r e  d em od u lation  (dB) 16 15 16 14 11 11 N ote 1

A d d it io n a l n o is e  o f  fe e d e r  
l in k  (dB) 0 .5 0 5 0 .5 0 .5 0 .5 0 .5

R equired C/N (dB) 1 6 .5 1 5 .5 1 6 .5 1 4 .5 1 1 .5 1 1 .5

2 . R e c e iv in g  i n s t a l l a t i o n
Figure o f  m erit, G/T

(dB(K - 1 ) ) 
System  n o is e  tem p eratu re(K )

- 4 .4

750

5 .9

750

1 6 .5

500

1 4 .7

500

1 1 .6

1100

1 1 .5

1500

N ote 2

Antenna d ia m eter  (m) 3 .4 3 1 .8 1 .4 0 .8 0 .5

R equired PFD a t  th e  edge o f  
beam area (dB(W/m^)).

-1 1 6 .5 -1 1 6 .2 -1 1 1 .3 -1 1 1 .6 -1 0 4 .1 - 9 8 .7 N ote 6

3 . P ro p a y a ti on

S p read in g  l o s s  (dB) 1 6 2 .4 1 6 2 .4 1 6 2 .4 1 6 2 .4 1 6 2 .4 1 6 2 .4 Note 3

A d d it io n a l a t t e n u a t io n  f o r  
p ro p a g a tio n  (dB) 0 0 0 0 2 .0 2 .0 N ote 4

Rain a t te n u a t io n  f o r  
99* o f  th e  w o rst month (dB) 

Required e . i . r . p .  from 
s a t e l l i t e  a t  edge o f  
beam area (dBW)

0

4 5 .9

0

4 6 .2

1 .0

5 2 .1

1 .0

5 1 .8

4 .0

6 4 .3

8 .0

7 3 .7

N ote 4

'4. S a t e l l i t e  t r a n s m it t e r

Antenna beamwidth ( d e g .)  
a t  -3 dB p o in ts
Antenna d ia m eter  (in)

1 .4

2 3 .0

1 .4

6 .2

1 .4

1 .3

1 .4

1 .3

1 .4

0 .7

1 .4

0 .4

N ote 5 

N ote 5

Antenna g a in  (dBi) 3 8 .5 3 8 .5 3 8 .5 3 8 .5 3 8 .5 3 8 .5 N ote 5

L oss in  f e e d e r s , f i l t e r s ,  
j o i n t s , e t c .  (dB) 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0

R equired  s a t e l l i t e  
t r a n s m it t e r  power (dBW) 8 .3 8 .6 1 4 .6 1 4 .3 2 6 .8 3 6 .2

<W) 6 .8 7 .3 29 27 480 4200
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Param eter 7 8 9 10 11 Remarks

1. Svstem  

Frequency of- c a r r ie r  (GHz) 0 .7 12 1 2 .5 2 2 .7 5 42

Approxim ate e q u iv a le n t  
r e c ta n g u la r  bandwidth (MHz) 19 27 24 40 40 N ote 1

C a r r ie r  to  n o is e  r a t io  
b e fo r e  d em od u lation  (dB) 16 14 14 11 11 N ote 1

A d d it io n a l n o is e  o f  fe e d e r  
l in k  (dB) 0 .5 0 .5 0 .5 . 0 .5 0 .5

R equired C/N (dB) 1 6 .5 1 4 .5 14 .5 1 1 .5 1 1 .5

2 . R e c e iv in g  i n s t a l l a t i o n  
Figure o f  m erit, G/T

(dB aC -1) ) 
System  n o is e  tem perature(K )

-1 4 .0 6 .0

1100

1 0 .0

750

7 .5

1100

9 .5

1500

N ote 2

Antenna d ia m eter  (m) - 0 .8 1 .0 0 .5 0 .4

R equired PFD a t  th e  edge o f  
beam area (dB(W/m2))

-1 0 7 .0 -1 0 2 .8 -1 0 6 .9 - 1 0 0 .0 - 9 6 .7 R ote 6

3 . P rop a g a tio n  

S p read in g  l o s s  (dB) 162 .4 1 6 2 .4 162.4 1 6 2 .4 1 6 2 .4 N ote 3

A d d it io n a l a t te n u a t io n  fo r  
p r o p a g a tio n  (dB) 0 0 0 2 2 Note 4

Rain a t te n u a t io n  fo r  
99* o f  th e  w orst month (dB) 
Required e . i . r . p .  from 
s a t e l l i t e  a t  edge o f  
beam area (dBW)

0

5 5 .4

1

6 0 .6

1

5 6 .5

4

6 8 .4

8

7 5 .7

Note 4

4 . S a t e l l i t e  tr a n s m it te r

Antenna beamwidth ( d e g . ) 
a t  - 3  dB p o in ts
Antenna d ia m eter  (m)

1 .0

3 2 .0

1 .0

1 .8

1 .0

1 .8

1 .0

1 .0

1 .0

0 .5

N ote 5 

N ote 5

Antenna gain  a t  the edge 
o f  se r v ic e  area (dBi) 4 1 .4 4 1 .4 4 1 .4 4 1 .4 4 1 .4 N ote 5

L oss in  f e e d e r s , f i l t e r s ,  
j o i n t s , e t c .  (dB) 1 .0 2 .0 2 .0 3 .0 3 .0

R equired s a t e l l i t e

tr a n s m it te r  power (dBW)
(W)

1 5 .0
32

2 1 .2
130

1 7 .1
50

3 0 .0
1000

3 7 .3
5400
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Notes to Tables Villa and VUIb:
(1) R eq u ired  bandw id th  and c a r r i e r - t o - n o i s e  r a t i o  depend on th e  m o d u la tio n  method 

and  s ig n a l  q u a l i ty .

(2 ) V alues a r e  " u sa b le  f ig u r e  o f  m e r it"  a c c o rd in g  to  th e  d e f i n i t i o n  g iv e n  i n  Annex I 
o f  R ep o rt 4 7 3 -4 . 55% e f f i c i e n c y  and 1 dB p o in t in g  e r r o r  a r e  assum ed f o r
c a l c u l a t i o n  o f  a n te n n a  g a in , w hich i s  u s u a l ly  b e t t e r  th a n  th e  in d ic a te d  v a lu e ,
e s p e c i a l l y  below  th e  12 .5  GHz band  becau se  o f  th e  im provem ent o f  th e  r e c e iv e r
n o is e  te m p e ra tu re  and a n ten n a  e f f i c i e n c y .

(3) S a t e l l i t e  e l e v a t io n  a n g le  i s  assum ed as 4 0 ° .

(4 ) R ain  a t t e n u a t io n  sh o u ld  b e  c o r r e c te d  by u s in g  th e  a p p r o p r ia te  v a lu e  f o r  each
c lim a te  zone.

(5 ) A ntenna beam w idth sh o u ld  be a d ju s te d  to  th e  s i z e  o f  s e r v ic e  a r e a .  A ntenna 
d ia m e te r  and  g a in  w i l l  be changed a c c o rd in g ly .

( 6 ) The PFD v a lu e s  g iv e n  h e re  a r e  b a se d  on c a lc u la t io n s  in te n d e d  to  s a t i s f y  th e  
r e q u i r e d  C/N f o r  th e  s a t e l l i t e  b ro a d c a s t in g  system  and w i l l  b e  r e q u ir e d  f o r  99% 
o f  th e  w o rs t month.

(7 ) The c a r r i e r  fre q u e n c y  shown i n  Columns 5 and 10 (22 .75  GHz) i s  an  exam ple o f  the  
m id fre q u e n c y  o f  th e  band  a l l o c a t e d  to  th e  b r o a d c a s t i n g - s a t e l l i t e  s e r v ic e  i n  
R egions 2 and  3.

5 . O th e r  a p p l i c a t i o n s  t o  e x i s t i n g  a n d  new  s e r v i c e s

It is agreed as a basic premise that the introduction of these transmissions within a television channel must
not create additional interference to other systems nor require additional protection over that required for the
standard application of the broadcasting-satellite service, e.g. television transmission.

5 .1  Broadcasting of data in a frequency-modulated television channel

It is now possible to envisage the use of certain television signal lines for broadcasting data in the 
broadcasting-satellite service.

The introduction of these new signals should not alter the characteristics of the television channel, 
the interference levels or the criteria for sharing with other services, as defined by the WARC-BS-77.

A study carried out in France showed the possibility o f using this new broadcasting service within
the satellite broadcasting channel. ---------------------------------------------------  T h is s e rv ic e  u se s  a  system  o f
digital modulation made up in the baseband of an NRZ binary signal frequency limited to the video band. 
The bit rate is about 6 M bit/s. The 6.5 MHz sound sub-carrier of the television signal may or may not be 
superimposed on this signal.

5 .2  Interactive connection

New and innovative applications o f the broadcasting-satellite service in the community reception 
mode were investigated in the United States and Canada using the Applications Technology Satellite-6 
(ATS-6) [IEEE, 1975] and the Communications Technology Satellite (CTS-Hermes). Examples of such 
applications include distribution of educational, medical, informational and other specialized material, for 
example, to schools, hospitals and community centres. A more detailed discussion of these applications 
including examples of particular applications are given in [CCIR, i974 -78b ]. Many of these applications 
are considered to fall within the definition of community reception (Radio Regulations, No. 124).

A number of the applications also had associated with the broadcasting satellite transmission, a 
return communication connection — for example, to permit students in a classroom to interact with the 
remote instructor. In some cases this return or “interactive” link utilized satellite transmission. It is 
expected that the majority of such interactive links will consist of one or more sound channels.
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TABLE IX . - Examples of system parameters for sound broadcasting
for individual reception

P a r a m e te r 1 2 3 4 5 6 R em arks

1. S v s tem  • N ote  6 N o te  6
F re q u e n c y  o f  c a r r i e r  (GHz) 12 12 12 12 12 12
T ype o f  m o d u la t io n FM FM/FM 4-PSK 4-PSK 4-PSK 4-PSK
Sound f r e q u e n c y  b a n d w id th

(kH z) 15 15 15 20 15 15
S a m p lin g  f r e q u e n c y  (kH z) 32 48 32
Number o f  so u n d  c h a n n e l s 1 12 48 24 96 32 N o te  1
C o d in g  law 1 4 /1 0

NIC
1 i n e a r  

1 6 b i t
ADM 

N o te  7
1 6 /1 4  

f l o a t . 
p o i n t

T r a n s m is s io n  b i t  r a t e
( M b i t / s ) 2 4 .6 2 4 .6 2 0 .4 8

A p p ro x im a te  e q u i v a l e n t
r e c t a n g u l a r  b a n d w id th  (MHz) 0 .1 8 22 27 27
C a r r i e r  t o  n o i s e  r a t i o N o te  3
b e f o r e  d e m o d u la t io n  (dB) 19 14 1 5 .1  

N o te  2
1 5 .1  

N o te  2
82

(C /N o)
A d d i t i o n a l  n o i s e  o f  f e e d e r
l i n k  (dB) 0 .5 0 .5
R e q u ir e d  C/N (dB ) 1 9 .5 1 4 .5 1 5 .6 1 5 .6

2 . R e c e iv in e  i n s t a l l a t i o n N o te  8
F ig u r e  o f  m e r i t  (dB(K _ -̂)) 4 A-A 1 2 .0 3 .0
R e q u ire d  PFD a t  t h e  e d g e .o f
beam a r e a  (dB (W /nr)) -1 1 8 -1 0 3 - 1 1 0 .3 -1 0 3
R e c e iv e d  C/N (dB) 1 6 .4 N o te  4

C/No (dB) 85 N o te  5

3 . P r o p a g a t io n
S p r e a d in g  l o s s  (dB) 1 6 2 .4 1 6 2 .4 1 6 2 .4 1 6 2 .4
A d d i t i o n a l  a t t e n u a t i o n  f o r
p r o p a g a t io n  ' (dB) 0 .5 0 .5 0 . 2 0 .5
R a in  a t t e n u a t i o n  f o r
99% o f  t h e  w o r s t  m onth  (dB) 1 .5 1 .5 2 . 0 2 . 0

4 . S a t e l l i t e  t r a n s m i t t e r
A n te n n a  b e a m w id th  ( d e g . ) 1 .4 1 1 . 6x 0 .7
A n te n n a  g a in  (dB) 38 41 37 4 0 .9
L o ss  in  f e e d e r s , e t c .  (dB) 1 1 2 .5 2
T r a n s m i t t e r  pow er (dBW) 10 23 20 2 3 .6

. (W) 10 200 100 230
E . i . r . p .  from  s a t e l l i t e  a t
edge o f  beam a r e a  (dBW) 47 63 5 4 .5 6 2 .5

N IC : Near Instantaneous Com panding.
( ') M onophonic channels.
(2) C/N for Nyquist bandwidth required to obtain BER of 10~7 (before error correction).
(3) For a BER of 10-3 (before error correction) corresponding to an excellent sound quality.
(4) C/N obtainable with a receiver having Nyquist bandwidth. Difference between required C/N and received 

C/N may be assigned as a margin in receiver design. In the case o f 27 MHz bandwidth necessary for the 
reception o f television signal, C/N will be about 14 dB with parameters given in this table.

(5) The margin between received and required C/ N0 may be used to further reduce the antenna size.
(6) These are possible system param eter variants based on the sound channel transmission used in the system 

described in § 2.3 o f Report 1073. This system also specifies parameters in the first column o f this table which 
conform to Recom m endation 651.

(7) Equivalent to use of adaptive delta modulation (ADM) coding described in Report 953.
(8) Corresponding to a 40 cm dish for s o u n d - o n ly  reception.
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5 .3  Conditional access broadcasting

A new application o f the broadcasting-satellite service is the distribution of selective-access 
television programmes. This has led the French Administration to study a baseband scrambling technique 
which meets this requirement [C C IR , 1 9 7 8 - 8 2 c ]  .

If the signal subject to scrambling is to remain in conformity with the characteristics of the 625-line 
standard, the scrambling system selected must retain the line structure of the television picture. The vertical 
components of the picture must therefore be destroyed so that even if absolute secrecy is not ensured the 
picture is sufficiently complex to discourage any attem pt at deciphering.

This is achieved by introducing transform ations in each television line following a pseudo-random 
sequence moving at the line pulse rate and initiated by each field.

The target receiver(s) is selected by means of keys (known as “service keys’”) comprising words of 
18 bits which determine the pseudo-random sequence. .

The equipment which has been under study for some years has been developed into integrated 
systems for use on analogue (CCD) or digital circuits which permit effective scrambling of the picture.

5 .4  Integrated service digital broadcasting
■ ■ • . • i .

D evelopm ents o f  d i g i t a l  te c h n o lo g y  in  th e  f i e l d  o f  b r o a d c a s t in g  perm it 
d i g i t a l  in fo r m a tio n  to  b e  tr a n sm itte d  e i t h e r  e x c lu s iv e ly  or in  a s s o c ia t io n  w ith  
th e  main s i g n a l .  A b r o a d c a s t i n g - s a t e l l i t e  ch an n el i s  an a p p r o p r ia te  medium fo r  
th is  purpose. I t s  h igh  transm ission  q u a lity  and cap acity  i s  su ita b le  for  in tegrated  
use o f  various kinds o f  inform ation to  keep high f l e x i b i l i t y  and e f f ic ie n c y . I t  i s  
necessary to  take in to  account n ot on ly  p o ss ib le  com p atib ility  among a l l  broadcasting  
media but a lso  between other communication se rv ices  and packaged media.

Study Programme 2N /10-11  d e c id e s  to  stu d y  th e  d e te r m in a tio n  o f  th e  
t e c h n ic a l  c o m p o sitio n  o f  s e r v i c e s  and s p e c i f i c a t io n  o f  th e  t e c h n ic a l  p aram eters  
fo r  ISDB so  a s  to  perm it h ig h ly  f l e x i b l e  and e f f i c i e n t  o p e r a t io n  u s in g  a 
b r o a d c a st in g  s a t e l l i t e  t e l e v i s i o n  channel and to  f a c i l i a t e  th e  d e s ig n  o f  c o s t  
e f f e c t i v e  sy s te m s . (S e e  R e p o r t  1 2 2 7 ) .  .

6 . A d d i t i o n a l  f u n c t i o n s  f o r  b r o a d c a s t i n g  a n d  s p a c e c r a f t  o p e r a t i o n s

6 . 1  Narrow-band cueing channels

In an operational system using transportable feeder-link stations, a need may be identified for 
independent SCPC type cueing channels transmitted using the same satellite transponder as the related 
television signal. A minimum of two of these narrow'-band SCPC channels would seem to be necessary for 
cueing and talk-back. Since the antennas of the feeder-link stations are likely to be larger, these 
SCPC channels would be transmitted at lower power in order to limit the in-band intermodulation. The 
transmission of these cueing channels needs to be further studied as to the possibility o f accommodating 
them within the Plans and the possible impact on the quality of transmission.

6 . 2  Spacecraft service functions

The Radio Regulations, No. 25, states that the accommodation of spacecraft service functions (TTC) will 
normally be provided within the service in which the space station is operated. For the broadcasting-satellite 
service this means within the satellite broadcast down-link and corresponding feeder-link bands, including the 
possibility o f using the guard bands. The service functions to be provided are summarized in T a b l e  X.
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TABLE X -  Basic spacecraft service functions
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Function Notes

Earth-to-space:

-  telecommand

-  ranging

-  satellite antenna tracking

Non-continuous low data rate transmission

Non-continuous tone or code ranging

Continuous RF-sensing, on CW or swept carrier 
(e.g. residual carrier of telecommand signal) *

Space-to-Earth:

-  telemetry

-  ranging

-  earth station antenna tracking

Continuous low data rate transmission

Non-continuous tone or code ranging

Continuous, on residual telemetry carrier or swept carrier

* M easurem ents made on the T D F-1  satellite have shown th a t a boresight error circle of 0.01 degree radius can be achieved in the 
pointing of the transm itting  an tenna through RF sensing of a  ground beacon [CCIR, 1986-90b].

While it may be desirable to use part of the broadcast frequency assignments for TTC services exclusively, 
it may not be feasible to do so from the operational and technology viewpoint. This implies that for certain 
phases during the lifetime of any broadcasting satellite, different frequency bands may have to be used.

The assignment of specific spacecraft service channels within the broadcast down-link and feeder-link 
frequency bands will have to be performed in close consultation with the broadcast channel frequency and 
polarization assignments to ensure compatibility with technological constraints and system operation constraints. 
Moreover, such assignments will have to be compatible with the broadcast transmissions and must not cause 
non-permissible interference into other services which share these frequency bands. These considerations suggest 
that appropriate sharing criteria may have to be developed. More detailed inform ation on the accommodation of 
spacecraft service functions within the guardbands o f the broadcasting-satellite service is contained in Report 1076.

REFERENCES

AuBC, [1983] Australian Broadcasting Commission, Engineering Development Report No. 127 -  Peak levels in a PAL signal 
after pre-emphasis to C CIR Recommendation 405-1.

CCIR [1 9 8 8 ] S p e c i f i c a t i o n s  o f  t r a n s m i s s i o n  s y s te m s  f o r  t h e  b r o a d c a s t i n g -
s a t e l l i t e  s e r v i c e

D’AMATO, P. and STROPP1ANA, M. [March-April, 1979] Ottimizzazione della rete di enfasi per trasmissioni televisive MF, 
standard a 625 righe (Optimization of the pre-emphasis network for FM television transmissions, 625-line standard). 
Elettronica e Telecomunicazioni, Vol. L. 1000, 2, 55-69.

IEEE [November, 1975] Special issue on ATS-6. IEEE Trans. Aerospace Electron. Systems, Vol. AES-11, 6.

OSTRA NDER, N. C. [September, 1967] The Rand Sync-Sat calculator. Memorandum RM-5228-NASA, Rand Corporation, 
Santa Monica, California.

PA CINI, G. P., GA U D IO , R. and ROSSI-DORIA, F. [February, 1971] Experimental investigation on man-made noise in 
850 MHz and 12 GHz frequency bands. Alta Frequenza, Vol. XL, 2, 132-139.

SOLLFREY, W. [February, 1966] Earth coverage patterns with high-gain antennae on stationary satellites. Memorandum 
RM-4894-NASA, Rand C orporation, Santa Monica, California. -



26 R e p . 2 1 5 - 7

CCIR Documents

[1 9 7 4 -7 8 ] :  a .  1 1 /4 1 9  ( F r a n c e ) ;  b .  1 1 /3 9 6  (USA)

[ 1 9 7 8 - 8 2 ] :  a .  1 0 -1 1 S /1 1 7  ( J a p a n ) ;  b .  1 0 -1 1 S /1 7 5  (C a n a d a ) ;  c .  1 1 /2 6 5  ( F r a n c e )  

[ 1 9 8 6 - 9 0 ] :  a .  1 0 -1 1 S /8  (JIW P 1 0 - 1 1 /3 ) ;  b .  1 0 -1 1 S /1 3 9  (F r a n c e )

ANNEX I

V IS IB IL IT Y  TIME FOR THE. SATELLITE

A satellite with a period of 12 hours, in an elliptical orbit having a plane inclined at about 63° to the 
equatorial plane and an apogee of 40 000 km well north of the equator, can provide a larger area of coverage in 
the northern hemisphere than a geostationary satellite. The use of several satellites in such orbits can provide an 
uninterrupted service. The times of visibility of one satellite are given in table x i i  for a particular latitude (60° N) 
of the receiving point, and a particular minimum angle of elevation (20°). In theory, because of the non-spherical 
shape of the Earth, an inclination of the orbit of 63.4° would ensure that the major axis does not drift in the 
plane of the orbit, and, therefore, that successive apogees will occur at the same terrestrial latitude.

TABLE X I * Visibility times fo r  satellites in stationary and sub-synchronous circular equatorial (non-retrograde) orbits

Approximate
period

(h)
Altitude

(km)

Passes 
per day 
over a 
given 
point

Approximate periods of visibility above 
the horizon per pass (h)

At equator At ± 15° lat. At ±30° lat. At ±45° lat.

24(') 35 786 Stationary Continuous Continuous Continuous Continuous
12 20 240 O 1 10.1 10.0 9.9 9.3
8 13 940(2) 2 4.8 4.7 4.6 4.2
6 10 390(2) 3 3.0 2.9 2.8 2.5
3 4 190(2) 7 1.0 1.0 0.9 0.6

(') Exactly: 23 h 56 min 4 s.
(2) Approximate values.

In the example of table x i i  .the minor axis of the orbital ellipse is assumed to be parallel to the equatorial 
plane. The maximum period of visibility from a given point on the Earth at latitude 60° (10.6 hours) is then 
obtained when the apogee is at the same longitude as the point.

TABLE X I I  — Visibility times o f  a satellite in a typical elliptical orbit inclined at about 63.4°

Approximate
period

(h)

Approximate
apogee

(km)

Approximate
perigee
(km)

Approximate periods of visibility per pass (h) over a 
reception point at 60° latitude, with an angle of elevation 

of the receiving antenna greater than 20°

Maximum Minimum

12 40 000 500 10.6 4.5
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ANNEX I I

MEASUREMENTS OF ATMOSPHERIC ATTENUATION AND DEPOLARIZATION 
AT FREQUENCIES OF INTEREST TO THE BROADCASTING-SATELLITE SERVICE

Extensive measurements o f sky noise temperature at 11.5 GHz covering the European region, have 
been carried out by the European Space Agency for a number of years. Atmospheric attenuation was 
expected to vary with the angle of elevation and with the local climate. However, in the European region 
and for the range of angles o f elevation, (from 20° to 45°) covered by the experiment, these dependencies 
are so small that they need not be taken into account when com pared with the random  year-to-year 
variations in attenuation values. The values of the worst-month attenuation obtained from the measure­
ments are listed in Table x in .p o r  system planning, it is proposed to use the median values, corresponding 
to the worst month in an average year.

TABLE X I I I  — Worst-month attenuation at Ji.5 GHz (Europe)

Time fraction
(%) '

Attenuation not exceeded during 
worst months (dB)

90°/o value median value 10% value

20 0.3 0.4 0.6
5 0.4 0.6 0.9
1 0.9 1.1 1.4

0.3 1.2 1.8 2.4
0.1 1.5 3.3 6.0
0.03 3.1 7.3 11.0

For Region 3. measurements of atmospheric attenuation in the 12 GHz band have been carried out 
using the broadcasting satellite for experimental purposes (BSE) in Japan and using a radiometer in 
Malaysia, which are situated respectively in the moderate and tropical climate areas in Asia. The results 
are summarized in Table XIV, While the data presented should be regarded as provisional, they may be 
considered useful until more precise data become available.

TABLE XIV -  Worst month attenuation observed at 12 GHz in Japan and Malaysia

Location of 
measurement Period

Attenuation not exceeded during 
the worst month (dB)

99% of the 
worst month in 
an average year

99.9% of the 
worst month in 
an average year

12 locations in Japan August 1978 to 
December 1979 2.4 6.9

Klang in Malaysia October 1970 to 
November 1972 1.7 8.7
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The values in Japan in Table xiv are medians of the data in the worst months for 12 to 14 months
in 12 locations, which have been distributed all over Japan, angles of elevations ranging from about 30°
to 60°. Measurements in Malaysia were corrected with respect to an elevation angle o f 45° by using the 
cosecant law [CCIR, 1978-82a].

Measurements of rain attenuation at 11.7 GHz were carried out at Greenbelt, Maryland and 
Rosman, North Carolina in the United States by the N A SA /G oddard Space Flight Centre by monitoring
the beacon on the Com munications Technology Satellite (CTS). Measurements commenced at Greenbelt, 
Maryland in June 1976 and were completed in the fall o f 1979. The elevation angles to CTS from 
Greenbelt and Rosman are 29.5 and 36 degrees respectively.

Measurements of rain attenuation at 20 GHz and 30 GHz were also carried out at Rosman using 
the ATS-6 satellite [Ippolito, 1975]. .

Table xv summarizes the results o f these measurements for the two worst months of the measure­
ment period.

TABLE XV — Rain attenuation observed at 11.7 GHz (CTS) and 20 and 30 GHz (ATS-6) 
in Maryland and North Carolina, USA

Location
Frequency

(GHz) Month
One-minute mean attenuation (dB), 

not exceeded during month 
for given percentage of the time

99% 99.9% 99.99%

Greenbelt 11.7 June, 1976 <1 1.6 9.2
(Maryland) August, 1976 <1 5.4 15.6

Rosman 11.7 July, 1976 1 ‘ 1.8 8.3 ’
(North Carolina) 20 July, 1974 1.5 11.0 >20

30 July, 1974 2.4 , 19.5 >35

In 1978-1980 attenuation and cross-polarization measurements were carried out by CNES-TDF 
(France) in; Brittany (11 700 hours) and near Paris (3500 hours) receiving 11.8 GHz circularly polarized and
11.6 GHz linearly polarized beacon signals respectively from the OTS satellite [CCIR, 1978-82b]. A ttenua­
tion values not exceeded for 99% and 99.9% of the worst month were 1.8 and 4 dB respectively for Paris 
and 1.5 and 3 dB respectively for Brittany. Polarization isolation o f the circularly polarized beacon w'as 
only above 20 dB for 99.9% of the worst month and 99.99% of the entire measurement period, and was 
never less than 30 dB for the linearly polarized beacon.

' Also, depolarization measurements were taken with the CTS satellite launched in 1976 in the 
12 GHz region, using both circular and vertical polarization. Actual measurements statistics from this 
programme have been analyzed in Report 564.

R EFEREN CE

IPPOLITO, L .J. [November, 1975] ATS-6 millimeter wave propagation experiments at 20 and 30 GHz. IE E E  Trans. Aerospace 
Electron. Systems, Vol. AES-11, 6, 1067-1083.

CCIR Documents

[ 1 9 7 8 - 8 2 ] :  a .  1 0 -1 1 S /1 1 7  ( J a p a n ) ;  b .  1 0 -1 1 S /1 3  ( F r a n c e )
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ANNEX I I I

EXAMPLES OF SOLAR IN TERFEREN CE 
TO A SATELLITE BROADCASTING SYSTEM 

AS M EASURED D U R IN G  THE BSE EX PER IM EN T '

F i g u r e  3 shows the degradation of carrier-to-noise ratio due to solar interference to the receiving system 
with a 1.6 m antenna and frequency of 12 GHz, bandwidth of 27 MHz, receiver noise of 650 K and antenna 
efficiency of 55%.

Maximum degradation due to solar interference is 6.7 dB and the longest time of degradation exceeding 
1 dB is 8.4 min. Accumulated time of degradation is 32.8 min. through one period of interference.

For antennas of other sizes, maximum degradation, maximum duration of degradation and accumulated 
degradation time are as shown in T a b l e  X V I.

TABLE XVI

Antenna
diameter

(m)

Maximum
degradation

(dB)

Maximum
duration

(min)

Cumulative
duration

(min)

1.0 3 9.8 53.3

2.5 7 5.8 17.5

4.5 8 4-° 8.6

m-a
?
0

13:55 14:00 14:05

Time (JST)

14:10 14:15

FIGURE 3 ~ A n exam ple o f  solar interference to a receiving system with an antenna  
o f  1.6 m diameter, m easured in BSE  experiment, during one solar interference period

(Numbers adjacent to curves refer to the dates in March, 1980 on which the 
measurements were taken)
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REPORT 1073-1

TELEVISION STANDARDS FOR THE BROADCASTING-SATELLITE SERVICE

(Question 2/10 and 11, Study Programme 2F/10 and 11)
(1986-19S0)

1. Introduction

The present Report briefly describes in a comparative manner the basic characteristics o f some of the 
systems which have been developed for television transmission with sound and data services for satellite 
broadcasting. Recognizing that there are advantages in reducing the number of modulation methods and the 
differences in the characteristics o f these modulation methods, the basic parameters of each system were used to 
produce tables which stress the similarities between systems. Only fully specified systems adopted, or being 
seriously considered for adoption, by at least one adm inistration, were considered in these tables. The detailed 
specifications of these systems are contained in a separate CCIR publication (S p e c if ic a tio n s  o f  tra n sm iss io n  system s 
f o r  th e  b r o a d c a s t in g - s a te l l i te  s e r v ic e ) .

Special considerations should be given to those systems that have adopted the general principle of 
time-division multiplexing since it permits an improvement in the quality o f the signals by eliminating, in , 
particular, the problems of intermodulation and cross-colour. A time-division multiplex structure also permits 
subsequent compatible introduction o f further services or further improvements to the quality o f the basic services.
For example, wide-screen aspect, ratio pictures can be transmitted. Displays of the 4:3 type can present the most 
interesting portion of the picture, selectable by a digital data signal. Further details are given concerning these 
improvements to the vision signal in Report 1074.

All systems described in this Report apply digital techniques for the sound (and for the data) in order to 
utilize to the greatest possible extent the capacity made available by the channels defined by the WARC-BS-77 
and the RARC SAT-83, taking into account if necessary the need for direct translation on distribution networks 
with narrower bandwidths. The use o f a sound/data multiplex (associated with the service-identification system) 
making available the capacity required, and at the same time the maximum flexibility, is also a very im portant 
asset. Possibilities of scrambling the signal for secure transmission and controlled reception are increasingly 
viewed as an important feature o f such systems. '

This Report presents a short summary of the main features of each of the fully specified systems 
considered. It is followed by tables listing values for the main characteristics o f each system.

2. Summary description of the systems

2.1 M AC /packet fam ily

T h e M A C /p a c k e t f a m i l y  o f  s t a n d a r d s  h a s  t h r e e  m em b ers  a l l  s u i t e d  t o  
s a t e l l i t e  b r o a d c a s t i n g :  C -M A C /p a c k e t, D -M A C /p ac k e t a n d  D 2 -M A C /p a c k e t .
--------------------- ■-------- ------- T h ese  systems have been optimized under different constraints and meet the various

broadcasting-satellite service requirements in the 12 GHz band when the 625 line standard is used with a satellite 
channel of 27 MHz bandwidth.
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The systems incorporate the following common features:

— time division multiplexing;
— MAC picture coding, with the capacity for extended aspect ratio (see Report 1074);

— packet multiplexing for sound and data;
— digital high and medium quality sound coding and error protection method (see Recommendation 651 and

Report 632);
— service identification and conditional access systems with video and audio sc ranb ling  [OCIR, 1986-90a, b ] .

— f u l l  c h a n n e l  d i g i t a l  m ode, w hen t h e  a r e a  o f  t h e  t e l e v i s i o n  f ra m e  n o r m a l ly
r e s e r v e d  f o r  t h e  MAC v i s i o n  s i g n a l  (a n d  i t s  b l a n k i n g  i n t e r v a l )  i s  r e p l a c e d  
b y  d a t a  b u r s t  ( s e e  R e p o r t  1 2 2 8 ) .

The clock frequencies used in  these three systems have simple relationships with the sampling frequencies of the 
digital studio standard defined in Recommendation 601.

This close relationship between th ese  systems allows for the development and introduction of
receivers capable of functioning with a l l  o f  the  standards.

2.1.1 C-M AC/packet

The C-MAC/packet system was, in part, developed to provide a high data channel capacity.

The particular features of the C-MAC/packet system are:

-  the use of an RF time division multiplex wherein the carrier is frequency modulated by analogue 
picture signals during a certain fraction of line duration and 2-4-PSK modulated during the remainder — 
of the line duration by a multiplex conveying several sound channels, synchronization and data 
signals;

-  the capacity of the sound/data multiplex is about 3 Mbit/s, equivalent to eight high quality sound 
channels of 15 kHz bandwidth with near instantaneous 14/10 bit companding (protected by one parity 
bit per sample). The spare data capacity can be used for other services.

The C-MAC/packet system was adopted by the United Kingdom in 1983 and by Finland, Iceland,
Norway and Sweden in August 1984* for broadcasting-satellite services.

2 .1 .2  D-MAC p a c k e t

The D-MAC/packet system  w as, i n  p a r t ,  d ev e lo p ed  t o  p ro v id e  b o th  a  h ig h  
d a ta  c h a n n e l c a p a c i ty  and a  s in g le  b aseband  in t e r f a c e  to  o th e r  t r a n s m is s io n  and 
d i s t r i b u t i o n  m edia .

The p a r t i c u l a r  f e a tu r e s  o f  th e  D-MAC/packet sy stem  a r e :

- a  b aseb an d  tim e  d iv i s io n  m u lt ip le x  in  w hich th e  an a lo g u e  p i c t u r e  s ig n a l s  a re  
com bined w ith  d u o b in a ry  encoded d i g i t a l  sound , s y n c h ro n iz a t io n  and  d a ta  
s i g n a l s ;

- th e  c a p a c i ty  o f  th e  so u n d /d a ta  m u lt ip le x  i s  ab o u t 3 M b it /s ,  e q u iv a le n t  to  e ig h t  
h ig h  q u a l i t y  sound ch an n e ls  o f  15 kHz bandw idth  w ith  n e a r  in s ta n ta n e o u s  14 /10  
b i t  com panding (p r o te c te d  by  one p a r i t y  b i t  p e r  sam ple) . The s p a re  d a ta  
c a p a c i ty  can  be u se d  f o r  o th e r  s e rv ic e s ;

- th e  s in g le  b aseb an d  r e p r e s e n ta t io n  o f  th e  tim e  d iv i s io n  m u lt ip le x  s ig n a l  i s  
f re q u e n c y  m odula ted  f o r  s a t e l l i t e  b ro a d c a s tin g .

The adoption was also supported by the Administration of Denmark.
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T he D -M A C /packet s y s te m  h a s  b e e n  u n d e r  f u r t h e r  i n v e s t i g a t i o n  b y  e x p e r t s -  
o f  a  num ber o f  o r g a n i z a t i o n s  a n d  h a s  b e e n  show n t o  b e  a l s o  s u i t a b l e  f o r  s a t e l l i t e  
b r o a d c a s t i n g .

As a  r e s u l t  o f  t h e s e  d e v e lo p m e n ts ,  t h e  U n i te d  K ingdom  now i n t e n d s  t o  u s e  
t h e  D -M A C /packet s y s te m  f o r  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e s .

2 .1 .3  D2-MAC/packet

The D2-MAC/packet system was, in part, developed to provide a single baseband interface to
other transmission and distribution media.

The particular features of the D2-MAC/packet system are:

— a baseband time division multiplex in which the analogue picture signals are combined with 
duobinary encoded digital sound, synchronization and data signals;

— the capacity of the sound/data multiplex is about 1.5 M bit/s, equivalent to four high quality 15 kHz 
sound channels with near instantaneous 14/10 bit companding (protected by one parity bit per 
sample). The spare data capacity can be used for other services;

— the single baseband representation of the time division multiplex signal is frequency modulated for 
satellite broadcasting.

T he F e d e r a l  R e p u b l ic  o f  G erm any a n d  F r a n c e  h a v e  a d o p te d  t h e  D 2-M A C /packet
s y s te m  f o r  o p e r a t i o n a l  u s e  w i th  t h e i r  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e s  (TV-SAT a n d
TDF-1 )* w hen im p le m e n te d .

2.2 B-MAC systems

Two closely related implementations of the B-MAC system have been developed for 525 and 625 line 
applications. Both systems are well suited to use in broadcasting-satellite service applications in the 12 GHz band 
using either 24 MHz or 27 MHz channelling.

The B-MAC signal is a baseband time division multiplex comprising analogue picture signals combined 
with a four (or two) level data burst containing digital sound, synchronization and data information.

Vision signal coding is performed using the same time compression factors as the C-MAC/packet and 
D2-MAC/packet systems. The clock frequencies of 625/50 and 525/60 B-MAC systems are the same multiples 
of the relevant line scan frequencies to permit use of the same integrated circuit devices for both systems. In the 
525 line version the clock frequencies are simply related to the NTSC sub-carrier frequency, facilitating simple 
transcoding to NTSC. Both B-MAC systems can be configured to permit transmission of pictures with 16:9 aspect 
ratios.

The B-MAC systems provide a total data capacity of about 1.6 M bit/s. This can be used to provide six 
high quality 15 kHz audio channels using adaptive delta modulation which features error concealment and parity 
protection (see Report 953); alternatively these channels may be configured as 204 kbit/s data channels. A utility 
data channel makes use of spare capacity in the data multiplex.

Included in the B-MAC structure is a conditional access system based on line translational scrambling for 
video, and data encryption for digital audio. Because of the high degree of commonality between the 625 and 525 
line B-MAC systems it will be possible to develop a single receiver capable of receiving either B-MAC system.

The B-MAC system provides a single baseband interface to other transmission and distribution media.

The 625 line B-MAC system has been adopted in Australia for the Homestead and Community 
Broadcasting-Satellite Service (HACBSS) which commenced operation in October 1985.

The 525 line B-MAC system is under active consideration by the Direct Broadcasting Satellite Association 
and the Advanced Television Systems Committee in the United States and also by Canada.

* D i r e c t  b r o a d c a s t i n g  12 GHz b a n d  s a t e l l i t e s  o f  t h e  F e d e r a l  R e p u b l ic  o f  G erm any 
(TV-SAT) a n d  o f  F r a n c e  ( T D F -1 ) . "
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2.3 Digital sub-carrier/NTSC system

In this system a digital sub-carrier is frequency multiplexed with the conventional NTSC vision signal. It 
has been developed for use in the broadcasting-satellite service. .

The vision parameters of the system are based on those of system M /N T SC  described in Report 624, thus 
the system is compatible with the terrestrial vision standard.

The sound/data signals are carried on a 5.73 MHz sub-carrier using differential 4-phase shift keying. This 
sub-carrier, together with the vision signal, frequency modulates the main carrier. The data capacity o f the system 
is about 2 M bit/s. This can provide four 15 kHz high quality audio channels using 14/10 bit near instantaneous 
companding, or two 20 kHz very high quality channels through the use o f 16 bit linear coding. An additional data 
channel is also provided in both cases. Both schemes use BCH (63,56) coding error protection.

This system was adopted by the Japanese Administration in 1982 for use with its operational broadcasting- 
satellite service. This service commenced operation in May 1984 using BS-2a; it conforms to the WARC-BS- 
77 Plan.

D e t a i l e d  s p e c i f i c a t i o n s  h a v e  b e e n  d e f i n e d  f o r  t h e  d a t a  c h a n n e l ,  t h e  
c a p a c i t y  o f  w h ic h  v a r i e s  fro m  224 to  1 760 Kbps d e p e n d in g  o n  t h e  mode o f  so u n d  
t r a n s m i s s i o n .  A p a c k e t  m u l t i p l e x i n g  schem e i s  u s e d  f o r  t h e  d a t a  c h a n n e l  ( s e e  
R e p o r t  9 5 4 , s e c t i o n  4 .1 )  [CCIR, 1 9 8 6 - 9 0 c ] .
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TABLE I — Vision /data multiplex structure

Parameter/System
MAC PACKET SYSTEMS • B-MAC 

. (625 line)
B-MAC 

(525 line)
Digital sub-carrier/ 

NTSCC D D2

G
en

er
al

 
pa

ra
m

et
er

s

1.1 Modulation frame frequency (Hz) ’ 25 29.97

1.2 Number of lines per picture (frame) 625 525

1.3 Line frequency (Hz) • 15 625 15 734

1.4 Number of time increments per line 1 296 1 365 ' -

1.5 Nominal reference clock frequency (MHz) 20.25 21.328 21.477 -

M
ul

tip
le

x 
st

ru
ct

ur
e

1.6 Multiplexing principle Radio
frequency Baseband Sub-carrier

1.7 Vision coding Time multiplexed analogue components Composite (')

1.8 Nominal transmitted vision bandwidth (MHz) 8.4 (2) 7.5 (2) 6.3 (2) 4.5

1.9 Nominal vision amplitude (V peak-to-peak (3) 1.000

1.10 Data coding See § A.2 
of Table IV Duobinary Quaternary/binary (4) See § 4.2 

of Table IV

1.11 Symbol rate (Mbaud) 20.25 10.125 7.11 7.16 2.048

1.12 Occupied data spectrum (MHz) Not
applicable

10.0 5.0 7.11 (-'). 7.16 (5) 1.2

1.13 Nominal data amplitude (V pcak-to-peak) (3) Not
applicable 0.800 0.800 0.770 See Table IV

1.14 Number of bits per symbol 1 2/1 (J) 1



TABLE I (continued)

: Parameter/System MAC PACKET SYSTEMS B-MAC B-MAC Digital sub-carrier/

c D D2
(625 line) (525 line) N rsc

1.15 Instantaneous bit rate (M bit/s) 20.25 10.125 14.22/7.11 (4) 14.32/7.16 (“) 2.048

2 s
o .  2

1.16 Multiplex description (6) Flexible (7) Rigid -

w O
3  2

S  «
1.17 Basic frame multiplex configuration See Fig. 1 -

1.18 Basic line multiplex configuration See F ig .2 ( a ) See F ig .2 ( b ) See Fig. 3 See Fig. 4 -

1.19 Synchronization principle Digital code word Vision: (')
Data: digital code 

word

1.20 Clock recovery Recovered from data 10 cycle (20 symbol) reference burst on 
each line

-

1.21 Line synchronization 6 bit word Not applicable (’)

c
50
Co
ID

1.22 Frame synchronization 64 bit word in line 625 1 131 symbols in line 2 (s) 16 b its/data frame

c
<uu

C£

1.23 Reference level for video and data clamping Constant level Average level o f 20 symbol (binary) 
reference burst in HBI

Vision: (')
Data: irrelevant

1.24 Clamp period (ps)

' (number of clock periods)

0.75

15

2.81 2.79

0

Vision: (')
Data: irrelevant

1.25 AGC reference level (V) (3) ±  0.500
relative to clamp level on one line per field 
in the VB1

-0 .5 0 0
relative to clamp level on one line per field 
in the VBI

-

R
ep. 

10
7

3
-
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Footnotes to Table I  -

(') The system is based on baseband characteristics o f the M /N T SC  system (see Report 624).

(2) In each case this bandwidth is below the limit imposed by the sampling frequency (see Report 1074).

(3) All voltages are measured with respect to a 75 Q. load.

(4) Two data coding implementations are possible. Firstly a quaternary system with 2 bits per symbol and secondly a more 
rugged binary code.

(5) Before transmission, the spectrum is intentionally bandwidth-limited by 6.3 MHz Filtering.

(6) The multiplex structure may be com patibly reconfigured for full field data. .

(7) By description o f each com ponent in terms o f time increments and line numbers in line 625.

(8) This is line two o f the B-MAC form at, equivalent to PAL line 625.



TABLE II — Vision coding

Parameter/System MAC p a c k e t  C, D, D2 B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

2.1 Scanning method Left to right, top to bottom

2.2 Active lines per frame 574 483

2.3 Spare lines per frame (available for additional services
and test signals) 47 21/38 0 24 .

2.4 Interlace ratio 2 :1

Uw
2.5 Aspect ratio 4 : 3 (2) 4 :3

E33u 2.6.1 Assumed gamma of display 2.8 : 2.2
CSCL
o

2.6.2 Overall gamma 1.2 1.0

> 2.7 Primary colour chromaticities: X y.
*2(L> Red: 0.67 0.33
c<u Green: 0.21 0.71

0 Blue: 0.14 0.08

2.8 Chromaticity coordinates for equal primary signals Illuminant D6, Illuminant C
E'r =  E'g =  E'b x  =  0.313, x  =  0.310,

. y = 0.329 v =  0.316

2.9 Luminance signal equation E 'y =  0.299 E ’R + 0.587 E'c + 0.114 E'b

2.10 Colour difference signal equations E'r -  E'y =  0.701 E'r -  0.587 E'c, -  0.114 E'b E', -= -0 .2 7  (E'b - E'y) + 0.74 {E'r -  E'y)

E'b -  E'y = -0 .2 9 9  E'R -  0.587 E'c  + 0.886 E'B E ’q = 0.41 (E'b - E'y) + .0.48 (E ’r — E'y)



TABLE II (continued)

Parameter/System MAC p a c k e t  C, D, D2 B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

2.11 Number of clock periods 696 750 Not applicable (3)

2.12 Compression ratio 3 2

<D
O

2.13 Nominal sampling frequency (MHz) 13.500 14.219 14.318

C
egc
E

2.14 Uncompressed bandwidth (MHz) (nominal) 5.6 (4) 5-0 (4) 4.2 (4) 4.5

3

2.15 Reference black level (V) (5) . -0 .500  relative to clamping level Not applicable (3)

2.16 Transmitted luminance signal equation (V) (5) -0 .500 + E ' y

2.17 Amplitude range (V peak-to-peak) (5) From -0 .5 0 0  to +0.500

2.18 Number o f clock periods 348 375

2.19 Compression ratio 3 :1

4)
Oc3

2.20 Sampling frequency (MHz) 6.750 7.109 7.159

eo
J=

2.21 Uncompressed bandwidth (MHz) (nominal) (6) 2.4 2.1

O
2.22 Zero chrominance reference level (V) (5) 0.000 relative to clamping level

2.23 Transmitted chrominance signal equations (V) (5) E ' d b

E ' p r

=  0.733 ( E ' b  -  E ' r )  

=  0.927 ( E ’r  -  E ' y )

E ' d b  — 0.694 ( E ' b — E ' y )  

E ' d r  = 0.926 ( E ' R -  E ' y )



TABLE II (continued)

Parameter/System MAC p a c k e t  C, D, D2 B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

wucnc

2.24 Amplitude range (7) (V peak-to-peak) (5) From -0 .5 0 0  to +0.500

Not applicable (3)2.25 Sequential transmission E'db transmitted on odd active lines of each field 

E'en transmitted on even active lines of each field
Eo 2.26 Vertical pre-filtering (8) Filter parameters left to choice of 0.25, 0.5, 0.25

O broadcaster

2.27 Coincidence between luminance and chrominance Chrom inance is transmitted one line before associated luminance

JB £ 2.28 Scrambling process for conditional access Double cut component rotation or single Line translation Under consideration
- 2 £ C. cut line rotation

(') The lesser figure pertains to a full conditional access system.
(2) The systems can also provide for an aspect ratio of 1 6 :9 .
(3) The system is based on baseband characteristics of the M /N TSC  system (see Report 624).
(4) This bandwidth may be extended to approach the Nyquist bandwidth (e.g. to accommodate a 16 :9  aspect ratio).
(5) All voltages are measured with respect to a 75 £2 load.
(6) This bandwidth will be limited in the encoder by a filter designed to minimize ringing.
(7) The chrominance signals accommodate 75% saturation and 100% amplitude colour bars.
(8) A 0.5, 0, 0.5 filter should be used in the receiver.

R
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TABLE III — Data multiplex structure

Parameter/System C-M A C/packet
D-MAC/packet

D2-M AC/packet B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

3.1 Useful data burst (bits/line) 2 x 99 (') 99 102/51 (2) -

3.2 Type of multiplex Packet Continuous Cbntiruxs for sound,
w packet for data
a4)
£ 3.3 Organization 2 x 82 packets of 82 packets of 6 channels of 6 channels of Data frame
2 751 bits/fram e (') 751 bits/fram e 203 k b it/s  plus 204.5 kb it/s  plus comprising
C3a. one channel of one channel of 32 columns of
S15 62.5 kbit/s 62.9 kbit/s 64 bits each

15 3.4 Mean data rate (M bit/s) 3.08 (J) 1.54 (-1) 1.59 1.60 2.048
c<u
O

(2 x 2 050 packet/s) (2 050 packet/s)

3.5 Scrambling (for conditional access) By addition of mod. 2 of pseudo-random Not disclosed Under consideration
binary sequence at data channel level
synchronized on modulation frame



TABLE III (continued)

Parameter/System C -M A C/packet
D-MAC/packet

D2-M AC/packet B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

3.6 Audio sampling frequency 32 kHz for high quality (HQ)

16 kHz for medium quality (MQ)

Basic audio rate 
(for high quality)

203 kbit/s 204.5 k b it/s

Step size control
7.8 kb it/s 7.9 kb it/s

Emphasis control
7.8 kbit/s 7.9 kb it/s

32 kHz 
or 

48 kHz

3.7 Audio pre-emphasis CCITT Recommendation J.17 Adaptive 50/15 ps

3.8 Audio coding method Linear 14 bit/sam ple (L) 
or

near instantaneous 10 bit/sam ple (I) 
Coding range: 5 levels

Adaptive delta modulation 
(see Report 953) (4^

14/10 near 
instantaneous 

or
16 bit linear

3.9 Protection Protection range: 2 levels
1 — first level by 1 parity bit per sample;

or
2 — second level by 5 bit Hamming code

per sample

2.33 bits per 13 bit block BCH (63,56), 
SEC, DED

3.10 Packet rate per monophonic or stereophonic channel 
(packets/s)

MQ mono HQ mono HQ stereo

11 253 503 1 003

LI 336.3 669.7 1 336.3

12 336.3 669.7 1 336.3

L2 447.4 891.9 _ 1 780.8

Not applicable

3.11 Identification of coding method Explicit by interpretation blocks Not applicable Control code

3.12 Maximum number of high quality m onophonic audio 
channels

6/3 (2) 4 (15 kHz) 
or

2 (20 kHz)

*k
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TABLE III (continued)

Parameter/System C-M A C/packet
D -M A C /p a c k e t

D2-M A C /packet B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

co
3.13 Service identification data location 1 line per frame in VBI and data channel 

0 o f packet multiplex
2 lines per frame in VBI

U S3 
> £ Under consideration

C/5 C<D 3.14 Service description data organization Data groups, commands and parameters 
carried by packets Not applicable

3.15 Control of descrambling Control word for initialization of 
pseudo-random binary sequence

Not disclosed Under consideration

IS)
(Si

<Jo

3.16 Secret information Authorization keys per service 
Distribution key per subscriber

Not disclosed

03Co

c

3.17 Entitlement checking and management Encrypted control words and 
authorization keys are broadcast in the 
data multiplex

Not disclosed

U
3.18 Addressing rate (addresses/h) 150 000 per kb it/s 1 000 000

3.19 Maximum number of addresses 64 < 109 256 x 106

3.20

i

1 
|

CCIR T e le tex t Systems A.B 
[CCIR, 1986-90d]

mc
1)

3.21 Protection P r o te c t io n  ra n g e :  2 l e v e l s

1 -  CRC w i th in  t e l e t e x t  d a ta  b lo c k  
(2  t e l e t e x t  d a ta  b lo c k s /p a c k e t )

000•aCB

2 - CRC w i th in  t e l e t e x t  d a ta  b lo c k  
p lu s  (2 4 ,1 2 )  G olay code F£C o v e r a l l

Ua
<s

( l  p r o te c te d  t e l e t  
p a c k e t)  •

s x t  d a ta  b lo c k /

jj
aa 3.22

l•
a

IM S e t  by p a ra m e te r  (CCINF). i n '  th e  S e r v i ­
ce I d e n t i f i c a t i o n  ch an n e l •

(') In assembling the packet multiplex, two data bursts can be utilized as a single entity.
(2) Two data coding implementations are possible: firstly a quaternary system with 2 bits per symbol and secondly a more rugged binary Code.
(3) The multiplex structure may be compatibly reconfigured for full field data. •

(*) Report 795 contains a  d esc rip tio n  o f  a  sound system under development in  the  United S ta te s  which 
transm its four channels o f  d ire c tio n a l inform ation in  two d isc re te  channels using  adaptive d e lta  
modulation fo r  sound coding.

R
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TABLE IV — Modulation parameters

Parameter/System C-M A C/packet D2-M A C/packet 
D-M A C/packet

B-MAC 
(625 line)

B-MAC 
(525 line)

Digital sub-carrier/ 
NTSC

4.1 Nominal channel bandwidth (MHz) 27 24 27

4.2

4.3

Data signal modulation 

Vision signal modulation

2-4-PSK 

FM
FM

40-DPSK-FM

FM

4.4 Polarity o f frequency modulation Positive

4.5 Reference level frequency position Exactly centred in channel -

4.6 DC component Preserved a.c. coupled

aV
E«

4.7 Frequency deviation (M H z/V) 13.5 16.5 17.5 17.0 0

n ' o.
co
«

4.8 Pre-emphasis characteristic
EL(3) =  H(J) =  A 1 +  j f / f

1 + J f/ f i

CCIR 
Recommendation 405

3-ao 4.9 Pre-emphasis parameters A : 0.7071

> f  (MHz) 0.84 1.87
h  (MHz) 1.50 3.74

4.10 Energy dispersal (kHz) 600
Triangular frame synchronous waveform

4.11 Sub-carrier frequency (MHz) Not applicable 5.7272 O

4.12 Frequency deviation of main carrier by sub-carrier 
(MHz)

Not applicable ±  3.25

(') This refers to video only deviation, i.e. without the sub-carrier.
(2) The sub-carrier frequency has been determined to be 8/5 times the nominal colour sub-carrier frequency considering the margin of the filter characteristics to avoid mutual interference 

between picture and PSK signal, and others.

(3) In  ad d itio n  to  E l, a  n o n -lin ear emphasis may be used fo r  the  MAC/packet fam ily, see Report 10/4, sec tio n  3 .4 .1 .

R
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Vertical interval

Compressed
colour

difference
Compressed luminance

Data Vertical interval

Compressed
colour

difference
Compressed luminance

FIGURE 1 -  Basic TDM frame configuration

Clamp period

FIGURE 2 ( a )  -  C-MAC/packet signal waveform (unscrambled)

FIGURE 2 ( b )  -  D-MAC/packet s i g n a l  waveform 
(u n sc ram b led )
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FIGURE 3 -  D2-MAC/packet baseband signal waveform (unscrambled)

Clock Utility
recovery Data

burst

FIGURE 4 — B-MAC signal waveform (unscrambled)
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REPORT 1074-1

SATELLITE TRANSMISSION OF MULTIPLEXED ANALOGUE 
COMPONENT (MAC) VISION SIGNALS *

(Question 2/10 and 11, Study Programme 2F/10 and 11)

(1986-1990

1. Introduction

In 1977, the World Administrative Radio Conference established the Plan for satellite broadcasting in 
Regions 1 and 3, for the 12 G Hz band. It was assumed at that time that television would use a conventional 
composite baseband signal, such as PAL or SECAM, with an analogue sub-carrier for the associated sound. 
However, the Plan does not preclude the use of other systems. Likewise, the Plan developed at the RARC SAT-83 
for Region 2 assumed the use o f conventional composite television signals such as NTSC with analogue sound 
sub-carriers but considerations were given to new systems resulting in allowance in the Plan for the use of such 
new systems as long as the interference criteria are still met.

Since that time, broadcasters have shown an increasing interest in providing an improved service. For 
example, there has been an agreement on a studio standard for digital video signals using separate components 
rather than composite coding.

Following this agreement intensive studies by certain organizations have led to the development of the new 
analogue component coding method intended for satellite transmission known as multiplexed analogue com po­
nents (MAC).

The transmission of com ponent signals would enable the viewer to obtain more benefits from future 
all-digital studios than if composite coding were retained for the transmission. Moreover, there is a tendency to 
provide a component interface to the domestic receiver and to magnetic tape recorders. These developments 
present an opportunity to create common standards for the broadcasting-satellite service (BSS) (see Report 632).

Several improved 625-line vision systems suitable for the BSS have been studied by the EBU; objective 
and subjective measurements have been made on a system using component signals, together with comparative 
measurements on conventional PAL and SECAM systems.

Based on this work, the EBU experts have developed a family of systems in which the vision signal is
conveyed by the time-compressed component method.  ------------------------------------ :--------------------------------------------
A l l  t h e  m em bers o f  t h i s  f a m i ly  a r e  s u i t a b l e  f o r  s a t e l l i t e  b r o a d c a s t i n g .  T hey a r e  
know n a s  th e  C -M A C /packet s y s te m , th e  D -M A C /packet s y s te m  a n d  t h e  D 2-M A C /packet 
s y s te m  and  a r e  d e s c r i b e d  i n  --------  R ep o rt  1 0 7 3 .

Similar studies of improved vision systems for the BSS in Canada and in the United States have led to the 
development of different 525 line and 625 line MAC systems using the B-type sound multiplex. The results o f this 
work were treated at length in the RARC SAT-83 [CCIR, 1982-86a]. One of these systems (B-MAC) is described 
in Report 1073.

This Report describes the general characteristics of MAC systems, gives reasons for the choice of 
parameters for the 625-line and 525-line MAC vision systems, discusses future enhancements to such systems, and 
considers vision scrambling methods.

The in f o r m a t io n  c o n t a i n e d  i n  R e p o r t  1074 s h o u ld  a l s o  b e  u s e d  to  h a rm o n iz e  th e  
i n f o r m a t io n  i n  o t h e r  r e l a t e d  CCIR R e p o r t s ,  R eco m m en d a tio n s a n d  p u b l i c a t i o n s  on 
BSS s y s te m s .
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2. General characteristics of MAC systems
- \ .

2.1 The limitations o f  composite coded signals as applied to the BSS

The composite signals used in conventional television (NTSC, PAL, SECAM) were designed 30 years ago. 
The designs were optimized for AM transmissions and for compatibility between monochrom e and colour 
receivers. This led to the inclusion o f a colour sub-carrier in the upper part o f the luminance band such that the 
colour information is “band shared” with the high frequency luminance inform ation. It is the presence of this 
colour sub-carrier that creates the most noticeable limitations of composite coded signals which are cross­
luminance, cross-colour susceptibility to FM noise and differential gain and phase.

An inherent feature of an FM system is that the demodulated noise power density increases as the square 
of the baseband frequency. Thus, when conventional television coding is used in the satellite channel, the 
chrominance signal is subject to more noise per unit bandwidth than the luminance signal. In the chrominance 
demodulation process, the high frequency noise is transformed into noise of lower frequency which is subjectively 
more disturbing. The net effect o f this is to create an imbalance between the noise characteristics o f the luminance 
and chrominance channel, such that colour difference noise is the dom inant im pairm ent at low values of C /N  
[Lucas and Windram, 1981].

Another feature of satellite transmissions of FM television signals is that the characteristics o f the FM 
noise changes when the system is operated below FM threshold. These conditions may be the result o f weather 
conditions an d /o r a misaligned antenna. In conventional television systems the de-emphasis network transform s 
this noise into long black and white streaks which are subjectively annoying and difficult to conceal. Furthermore, 
the presence of the colour sub-carrier reduces the FM threshold of the system and can cause interm odulation 
distortion with the sound signals.

With conventional receivers the effects of cross-colour and cross-luminance are such as to limit the 
effective bandwidths of the luminance and colour-difference signals to relatively low values (to around 3.5 MHz 
and 1 MHz respectively in the PAL system and for the NTSC system to around 3.2 MHz and 0.6 MHz). Cross 
effects can be reduced in receivers incorporating comb filters and field stores. In the case of still pictures cross 
effects can largely be eliminated and the luminance bandwidth is only constrained by the presence o f the sound 
sub-carrier. With moving pictures, however, the reduction in cross effects is more limited and requires more 
complex storage mechanisms and motion adaptive filtering algorithms.

It was for all of the above reasons that the new component coding system (MAC) was devised. MAC has 
been designed to match the characteristics o f the FM channel and to provide the basis for future developments.

2.2 The M AC signal

In the MAC vision coding system the luminance and one of the two colour-difference signals o f the active 
line are separately time-compressed and placed in sequence within the line to form a time division multiplexed 
analogue component signal. The two time-compressed colour-difference signals are transm itted on alternate lines 
so as to minimize the necessary compression ratios of all signals and so improve noise performance [Lucas and 
Windram, 1981].

On reception the luminance and colour-difference signals are reconstituted by the use of line stores in the 
decoder. This method enables the noise impairments to be distributed appropriately between the chrominance and 
luminance to give improved perform ance under weak signal conditions. Cross effects are removed completely.

Time compression of the vision signals results in a proportionate increase in the video bandwidth required 
to pass the signal. However, the spectral width of the FM signal is a function of both frequency and am plitude of 
the baseband signals and this can be used to accommodate a time-compressed signal. The absence of a colour 
sub-carrier reduces the deviation at high modulating frequencies which allows the bandwidth of the baseband 
vision signals to be increased.

For a constant video bandwidth signal time compression in the coder followed by time expansion in the 
decoder results in an increase in the noise power at the receiver signal outputs. To a first approxim ation the noise 
power increases as the cube of the compression ratio.

It is clear from these considerations that particular care should be taken to minimize the compression 
ratios used in the design of MAC systems. In general however, MAC systems can be designed to have superior 
noise performance to conventional television systems employing the same vision bandwidths [Windram 
et a i, 1983a]. In this context the advantages of the MAC system are particularly strong when the C / N  ratio is at 
or below FM threshold because the MAC de-emphasis network causes only short horizontal streakb which are 
subjectively less disturbing than those in conventional systems. Furthermore, the threshold noise streaks do not 
spread to adjacent picture elements and so concealment methods may readily be applied.
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2 . 2 . 1  M u l t i p l e x i n g  a s p e c t s

Several variants of the MAC format have been developed to an advanced stage: C-MAC/packet, D-MAC/packet, 
•D2-MAC/packet, B-MAC type systems. Development work on another variant, A-MAC, has been dropped. The 
main difference relates to the way in which the digital sound/data signals are multiplexed with the MAC vision 
signal.

In the C-MAC/packet system the sound and data signals are inserted into the line blanking interval of the 
modulated video signal at RF in the form of a digitally-modulated carrier. At the transmission point time division 
multiplexing is carried out at intermediate frequency, switching between frequency modulated video and 
digitally-modulated sound and data in such a way as to maintain continuity of phase in the transmitted RF 
carrier.. ~

In  th e  c a s e  o f  th e  D-M AC/packet sy s te m  and th e  D2-M AC/packet sy ste m  
d e v e lo p e d  by th e  EBU and th e  B-MAC sy s te m s  d e v e lo p e d  in  Canada and th e  
U n ite d  S t a t e s ,  th e  sou n d  and d a ta  s i g n a l s  a r e  c a r r ie d  in  th e  l i n e  b la n k in g  
i n t e r v a l  a t  b a seb a n d  a s  d i g i t a l  s i g n a l s .  For t h e s e  s y s te m s , th e  s i g n a l  sp ectru m  
f o r  th e  a u d io /d a ta  s i g n a l  ca n  b e  r e c o v e r e d  a t  b aseb an d  from  th e  o u tp u t  o f  th e  
v id e o  p h a s e - lo c k e d  lo o p  d em od u la tor  d is c r im in a t o r .

A MAC/packet s ig n a l  (C, D, D2) u s in g  a com pressed v id eo  bandwidth of 8 .4  MHz has been shown to  meet th e
WARC-BS-77 requirements for interference in practical tests (see Report 634). Measurements on interference 
aspects for the B-MAC system indicated that the co-channel interference criterion of the RARC SAT-83 is met 
(see Report 634).

2 . 2 . 2  V i s io r r  a s p e c t s

With C-MAG/packet and B-type sound multiplex (D-MAC/packet, D2-MAC/jpacket, B-MAC) the absence of 
sub-carriers allows the bandwidth of the baseband video signals or the deviation to be increased: the possibility of 
increasing the compressed video bandwidth to around 11 MHz is supported by evidence from interference tests on 
a system known as extended PAL [Shelswell, 1982; Rhodes, 1985],

Further work is required to confirm the upper limits of baseband obtainable with C-, D- or D2-MC/ 
packet systems. Nevertheless, it is likely that uncompressed video bandwidths of greater than 7 MHz for the 
luminance and greater* than 3 MHz for the colour-difference signals will be obtainable. Such wider bandwidth 
transmissions may beeneeded in the future to obtain the higher resolution required for large screen displays. In 
this situation larger antennas and/or techniques such as noise reduction would be employed.

A further feature, of C-, D- or D2-MAC/packet systems is the facility to signal changes in the boundaries 
between the digital signal and the vision signal; and between the vision signal and the field blanking interval. 
Proposals have been made to use this facility totransm it pictures of wider aspect ratio. .. '

Techniques for obtaining extended definition signals of wider aspect ratio with MAC systems are further 
discussed in § 3 and 4 of this Report.

The MAC waveform is also very suited to vision scrambling for conditional access purposes (see § 5 ). Such 
scrambling methods require a simple means of rearranging the vision blocks. The separation of the components in 
a time division multiplex facilitates this. The de-scrambling would be easily accomplished in the line stores of the 
MAC decoder without .the need for additional circuitry.

The problem of compatibility with existing receivers is similar whether MAC or conventional television 
coding is used. In either case new outdoor and indoor units of comparable overall complexity are required. In the 
MAC case, however, many receivers will need a composite coder in the indoor unit.
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2 . 2 . 3  Summary .

. MAC s y s te m s  o f f e r  many a d v a n ta g e s  o v e r  c o n v e n t i o n a l  s y s t e m s .  T h e s e  i n c l u d e :

• — the elimination of cross-colour and cross-luminance;
— improved horizontal luminance and colour-difference resolution;
— an overall improvement in subjective noise;
— reduced distortion and intermodulation;
— more efficient use of the transmission channel; •
— facilitates vision scrambling for conditional access; -
— potential for higher definition and wider aspect ratio pictures;
— retains high capacity digital sound/data transmissions.

3. Reasons for the choice of parameters for the MAC vision system used in the C-, D- and D2-M^C/packet systems 
defined in Report 1073

This section gives background information on the parameters for the particular MAC vision system 
described in Report 1073.

In specifying the vision characteristics for the MAC system, many decisions concerning the time
multiplexing and the band shaping had to be made. For example:
— the best order for transmitting the colour-difference and the luminance components;
— line simultaneous or line sequential transmission of the colour-difference signals;
— the optimum bandwidth and levels for the luminance and colour-difference signals taking into account the

requirements for horizontal resolution and noise; '
vertical resolution; .

— the time compression of the luminance and colour-difference signals;
— the pre- and de-emphasis characteristic; .
— picture quality;
— scrambling for conditional access;
— compliance with the WARC-BS-77; .
— scope for future enhancements.

Most of the above characteristics are mutually dependent, so compromises had to be found.

3.1 Luminance and colour-difference bandwidths

The reference for the luminance and colour-difference bandwidths chosen was the 4:2:2 digital studio .
standard (see Recommendation 601), which uses sampling frequencies of 13.5 MHz and 6.75 MHz for luminance 
and colour-difference signals respectively. The maximum baseband bandwidths available with the 4:2:2 standard 
therefore are about 6 MHz and 3 MHz respectively. - ■ ■

Noise is closely related to the bandwidths of the luminance and colour-difference signals. In the MACi 
system, the vision noise performance is additionally affected by the time compression. To a first approximation 
the noise power, for a given compressed signal bandwidth, is proportional to the cube of the compression factor. .

It is clear from these considerations that particular care must be taken in order to reduce the noise of 
colour-difference signals, which are compressed twice as much as the luminance signal. It was originally decided 
that the nominal maximum amplitude of the colour-difference signals (corresponding to 100% saturation) should 
be 1.3 V peak-to-peak. However, in order to permit the use, in the future, of an uncompressed chrominance 
bandwidth of > 2 MHz it was decided to limit the signal to an amplitude of 1 V peak-to-peak. This limit is 
considered acceptable, since it corresponds to a displayed saturation of about 96%, and it is rarely exceeded in 
natural pictures.
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. Since the maximum amplitude of colour-difference signals is the same as for luminance and the 
compression ratio is twice that for luminance, the maximum possible bandwidth for colour-difference signals is in 
principle half that o f luminance. This limit can be approached at the transmitting end. However, in order to 
reduce overshoots, which can cause unacceptable impairments on colour-difference signals, the bandwidth of these 
signals must be further reduced, in the receiver, by means of a slow roll-off filter (e.g. of Bessel type).

The design of the receiver filters is left to manufacturers. It is likely that, in case of high-field strength 
signals, the colour-difference bandwidth which is in practice achievable at the receiver will be about 2 MHz (about 
1/3 that of luminance). Because of the properties of the human eye, this bandwidth is more than adequate for 
natural pictures and just sufficient for some extremely critical electronically generated pictures (e.g. captions with 
small-size letters). A further bandwidth reduction could be desirable in the case of noisy signals, and in this case, 
the use of Gaussian or Bessel type filters with a 3 dB bandwidth of about 0.9 MHz has been suggested.

In order to provide some more detailed information on the relationship between noise and bandwidth, the 
noise power density has been calculated as a function of the frequency, taking account of the compression factor 
and the pre- and de-emphasis. The results demonstrate the significant rise in noise level as the frequency is 
increased. If the results are weighted by a characteristic having a time constant x =  0.2 ps (see Recommenda­
tion 451), the weighted noise density characteristic is as shown in Fig. 1, which includes the effect of pre-emphasis 
(see § 3.4). Here it is assumed that the luminance signal and the colour-difference signals are weighted equally. 
The curves at higher frequencies are relatively flat and indicate a good match between the characteristics of FM 
noise and visual perception of noise. -

The visibility of noise on the screen may differ from that predicted theoretically because of failure of the 
constant luminance principle and because of physiological effects (the eye has different sensitivities to noise in the 
two colour-difference channels). By a suitable choice of the colour-difference axes, the subjective effects of 
chrominance noise might be decreased, but the improvement is not expected to be greater than about 1 dB. A 
further small noise improvement can be gained for the colour-difference signals by using vertical averaging at the 
receiver (instead of repeating a single line).

. The influence of pre- and de-emphasis on noise is discussed in § 3.4.

3.2 Choice o f  sequence o f  analogue component signals and o f  compression ratio

The luminance component and the two colour-difference components must be transmitted sequentially and 
time compressed. It is necessary to decide whether both colour-difference signals should be transmitted during 
each line, or transmitted sequentially on alternate lines. The order in which the components are transmitted must 
also be decided.

In selecting the compression ratios, a compromise has to be found between the signal-to-noise ratio, 
interference constraints, transparency to the digital studio standard (taking account of the need to maintain a 
simple receiver design) and the simplest sharing of the active line time period of 52 ps. Independently of whether 
line sequential or line simultaneous transmission of the colour-difference signals is used, the last two factors 
suggest that the ratio of the luminance compression factor ( y )  to the colour-difference compression factor (A") 
should be 0.5, the same sampling frequency being used for both compressed components. Moreover, the sum of 
the parts of the shared time should be equal to unity.

For sequential transmission of the colour-difference components, the following two equations are thus 
obtained:

-  =  0.5 and -  +  -  =  1.
X  X  Y

3 '
Hence, we obtain X  =  3 and Y  =  - .

' 2

For simultaneous transmission of the colour-difference components, the equations become:

Y 2 1
-  = 0.5 and -  +  -  =  1.
X  X  Y

We then obtain X  =  4, Y — - .
2 .
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As indicated in § 2.2, the decompressed noise power varies as the cube of the compression factor K, so the 
loss in the signal-to-noise ratio is equal to 30 logio K  (dB). It follows that the best noise performance is achieved if
the compression ratios are kept at minimum. ■—--------------------------;--------------------- •*--------------------------------------- •
——  The Figures clearly show that in a system where both the colour-difference components are transmitted on 
the same line, the degradation in the luminance and colour-difference noise is 3.7 dB compared with the situation
where the colour-difference signals are transmitted sequentially. ----- ----------:------- ----------------------------— ---------------
------------------------------------------------------------- -— Moreover, time compression results in a proportionate increase in
the bandwidth which must be accommodated within the FM channel. Thus to avoid additional interference caused 
by the increased maximum modulation frequency for simultaneous transmission of both colour-difference 
components, the deviation would have to be reduced, and this would lead to a further loss in the signal-to-noise 
ratio of about 2 dB and about 4 dB for the colour-difference and luminance signals respectively. Overall noise 
degradations of more than 5 dB appeared unsatisfactory, so the colour-difference signals are transmitted line 
sequentially with compression ratios o f 3 /2  for luminance and 3/1 for the colour-difference signals.

Regarding the order of transmission of the various components, the colour-difference component is 
transmitted before the luminance component. No strong reasons can be found why a different order would offer 
advantages affecting the complexity of the receiver. The colour-difference signal is transmitted first because it was 
thought that low frequency distortion would be most visible in the colour-difference signals. The latter should 
therefore be closest to the clamping reference at the start of the line.

3.3 Considerations o f  vertical and horizontal resolution fo r  the luminance and colour-difference signals

For discussing this problem it is helpful to convert the vertical resolution, usually defined in cycles per 
picture height, to an equivalent horizontal resolution in MHz.

For a 625/50/2 : 1 system with a 4 : 3 aspect ratio, the Nyquist limit o f 143.75 cycles per picture height 
(C /PH ) (575 active lines/4) gives an equivalent horizontal checkerboard frequency of 3.7 MHz. This limitatiori is 
due to interlace flicker.

The potential luminance resolution however is equivalent to 7.4 MHz and this can be obtained by a 
progressive scanning in the vertical direction by using vertical pre- and post-filtering techniques. Account must be 
taken of this possible improvement when considering the necessary frequency response, to provide a good balance 
between the vertical and horizontal resolution.

By dropping alternate lines o f the colour-difference signals, the potential vertical resolution of the 
chrominance information is halved with respect to luminance. The Nyquist limit o f 71.87 C /P H  corresponds to an 
equivalent frequency of 1.85 MHz. To reduce the alias components which are produced within the original signal 
spectrum by this procedure, the colour-difference signals must be vertically pre-filtered. This may further restrict 
the resolution depending on the type of filter used. If a simple line averaging filter (1,1 filter) were used for 
example, it would cause a loss o f 3 dB at 1.85 MHz, while with a 1,2,1 filter, the loss would be 6 dB. The total 
response however also depends on the type of post-filtering in the receiver. In combination with a 1,2,1 pre-filter 
at the transmitter, a 1,2,1 post-filter in the receiver (which is recommended for a normal size of display) would 
result in additional restriction and a theoretical total response of — 6 dB at 1.34 MHz.

This vertical resolution is lower than the maximum horizontal resolution which is obtained with low-noise 
signals (about 2 MHz). However, it is likely that more sophisticated pre-filtering techniques, particularly those 
based on field stores possibly accompanied by the corresponding post-filtering, could improve the chrominance 
vertical resolution so as to obtain the best possible balance between the resolution in the two directions.

It can therefore be concluded that sequential colour transmission gives a reasonably well balanced 
resolution in the horizontal and the vertical directions, and there is scope for further improvement by the use of 
more advanced processing.

3.4 Choice o f emphasis characteristic

For the MAC system, the use of large amounts of pre- and de-emphasis to reduce distortion (as with 
composite signals) becomes unnecessary. However, emphasis is useful to give improved noise and interference 
performance taking account of the requirements of the WARC-BS-77 Plan.

When considering emphasis, account must be taken of the effect of threshold noise. The use of 
de-emphasis causes the threshold spikes to appear as streaks on the screen. The resulting impairment depends on 
the number and amplitude of the spikes, together with the length of the disturbance. The use of time 
decompression causes the streaks to be stretched by the compression factor.
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The use of pre-emphasis is beneficial in reducing the amplitude and the number of spikes but it has the 
effect o f increasing the length of the spikes. Subjective tests indicate that with a suitable choice of the 
pre-emphasis characteristic, the beneficial effects more than compensate for the negative effects.

In principle, the use of pre-emphasis could cause distortion due to the 27 MHz bandpass filtering and also 
truncation noise. This effect can be limited by a careful choice of the pre-emphasis characteristic.

The emphasis characteristic must be chosen as a compromise between the conflicting effects mentioned 
above. Computations and informal subjective assessments have been carried out by some EBU members with two 
networks [CCIR, 1982-86b]. The characteristics of the network, which is specified for the MAC/packet fam ily  o f  
systems in Report 1073, are given in Table I.

The possibility is not excluded that, as a result o f further studies, a slightly different, but compatible, 
characteristic will be proposed in order to optimize the performance.

The low frequency insertion loss of the MAC pre-emphasis network is only 3 dB. Therefore it is highly 
desirable that the video signal is d.c. restored at the input o f the FM modulator.

3 . 4 . 1  The E7 c o m p a t i b l e  n o n - l i n e a r  p r e / d e - e m p h a s i s  n e tw o r k  e x am p le  f o r  t h e  
M A C/packet f a m i l y

I n  a d d i t i o n  t o  t h e  l i n e a r  p r e - e m p h a s i s  c h a r a c t e r i s t i c  E l  f o r  t h e  
M A C/packet f a m i l y  d e s c r i b e d  i n  T a b le  I ,  a  n o n - l i n e a r  p r e - e m p h a s i s  n e tw o r k  E7 
( s e e  Annex I )  may a l s o  b e  u s e d .  E7 s h o u l d  b e  a p p l i e d  o n l y  t o  t h e  v i s i o n  
s i g n a l ,  n o t  t o  t h e  d a t a  b u r s t .  The e f f e c t  o f  i t s  a p p l i c a t i o n  i s  a  s u b j e c t i v e  
im p ro v em en t  i n  p i c t u r e  q u a l i t y  e q u i v a l e n t  t o  a  3 dB i n c r e a s e  i n  c a r r i e r  t o  n o i s e  
r a t i o  of:  t h e  r e c e i v e d  s i g n a l .  E7 i s  a  n o n - l i n e a r  p r e / d e - e m p h a s i s  w h ic h  h a s  b e e n  
d e s i g n e d '  t o  p r o v i d e  n o i s e  an d  i n t e r f e r e n c e  im p ro v em en t  w i t h o u t  any  t h r e s h o l d  
d e g r a d a t i o n .  E7 i s  a  f r e q u e n c y  d e p e n d e n t  i n s t a n t a n e o u s  com p an d e r  s y s te m .  I t  i s  
c o m p a t i b l e '  i n  t h e  s e n s e  t h a t  i t  h a s  no e f f e c t  a t  low v i d e o  f r e q u e n c i e s ,  so  t h e  
d e v i a t i o n *  s e n s i t i v i t y  o f  t h e  FM s i g n a l  i s  n o t  a f f e c t e d .  E7 may b e  im p le m e n te d  i n  
e i t h e r  a n a lo g u e  o r  d i g i t a l  fo rm , a n d  b o t h  ex a m p le s  a r e  s p e c i f i e d  b e lo w  f o r  b o t h  
t h e  p r e - -  a n d  d e - e m p h a s i s  n e t w o r k s .  B o th  ex a m p le s  s p e c i f i e d  b e lo w  m e e t  t h e  
WARC-BS-7.7 P l a n ,  when u s e d  i n  a d d i t i o n  t o  E l p r e - e m p h a s i s .  A l l  p r e - e m p h a s i s  n e t ­
w orks  u sed :  f o r  t h e  M A C/packet f a m i l y  s h o u l d  b e  u p w ard s  c o m p a t i b l e  w i t h  HD-MAC 
d e s c r i b e d  i n  CCIR R e p o r t  1075 .

3.5 Picture quality

Subjective tests on picture quality at different carrier-to-noise ratios were made by the EBU and showed 
that the MAC * quality was always better than PAL or SECAM.

In considering the sharpness o f a vertical colour transition, however, MAC is inferior to PAL because of 
the interpolating filters used on transmission and on reception in order to reduce the alias components which are 
produced by the line sequential colour transmission. These alias components, which exist in the SECAM system, 
may be very annoying with vertically-moving electronically-generated patterns (e.g. red captions on a black 
background), if they are not suppressed to an insignificant level by suitable filtering [Windram and 
Morcom, 1983].

As to signal-to-noise ratio, even at high C / N  values some noise is visible in strongly saturated coloured 
areas. This noise is subjectively lower for MAC than for PAL or SECAM. '

Subjective tests have also proved that the requirements in the WARC-BS-77 Plan referring to co-channel 
and adjacent-channel interference are met for unscrambled as well as for scrambled MAC signals (see 
Report 634).

Also, at lower C /N  values the performance of the system is always better than the existing composite 
systems, even with extended threshold demodulation. The pictures are more acceptable, as the threshold streaks 
are much shorter, due to the smaller am ount o f de-emphasis and the shorter time constants.

* In the system used for these tests, the 3 dB bandwidth for luminance was 5.6 MHz and for colour-difference signals was
1.6 MHz.
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TABLE I — Characteristics o f  pre-emphasis networks fo r  M A C  signals
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System 4o A„ /- fp fp /f: S / N
lum.

S / N  ' 
col.-diff.

(dB) (dB) (MHz) (MHz) (dB) (dB)

C-MAC
D-MAC

D2-MAC
- 3 2.04 0.84 1.5 1.786 42.23 43.59

B-MAC - 3 +  3 ' 1.87 3.74 2

A0: low frequency gain

A„: high frequency gain

/- :  zero frequency

f p : pole frequency

S / A lum .: weighted luminance signal-to-noise ratio corresponding to C /N  =  14 dB (weighting
network: Recommendation 451; bandwidth: 6 MHz)

S / N  col.-diff.: weighted colour-difference signal-to-noise ratio corresponding to C /N  =  14 dB (weighting 
network: Recommendation 451; receiver filter Gaussian with 6 dB point at 1.3 MHz).
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FIGURE 1 -  Colour-difference and luminance signals weighted noise power density 

Weighting filter : Recommendation 451
Pre-emphasis : network used for C-, D- and D2-MAC/packets

--------------------  Colour-difference signal

 ------------- Luminance

The ordinate scale is such that the area below the curves, expressed in dB with respect to 1 mV2, provides 
the weighted signal-to-noise ratios corresponding to C /N  =  14 dB
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Note. -  The curves for colour-difference noise assume that the two colour-difference noise powers 
add equally. It should be noted that the subjective effect of noise for each colour-difference channel is 
a complicated function of hue, saturation and luminance.
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3.6 Future enhancements

When defining a new system for satellite broadcasting, it is important not to preclude any future 
enhancements that might be foreseen.

The following enhancements may be possible; some of them have not yet been tested experimentally but it 
should be possible to implement them with the proposed signal format. '

3.6.1 Improved resolution o f  the luminance and the colour-difference signals

This might be achieved by increasing the compressed video bandwidth from 9 MHz to about 
12 MHz which would result in an increase in horizontal resolution of 33%. It has yet to be confirmed that 
this would not cause unacceptable interference.

Another approach could be to use pre- and post-filtering to convey additional horizontal informa­
tion as folded energy within the existing baseband. However, signals conveying this folded energy for 
picture enhancement may require compromises in design between receivers with post-filters which make 
use of this information and normal receivers [Tonge, 1982],

Techniques for improving the vertical resolution by pre-filtering prior to transmission and 
post-filtering using line and field stores in the receiver are described in reports by [Tonge, 1983;
Long, 1983; Windram and Tonge, 1983]. It appears that an increase in (effective) vertical resolution of 
100% is possible with still pictures. This resolution is reduced however at higher vertical/temporal 
frequencies.

3 . 6 .2  A s p e c t  r a t i o

The f l e x i b l e  fo rm a t  o f  th e  M A C /packet f a m i ly  c o d in g  schem e an d  th e  h ig h  
d a t a  r a t e  o f  t h e  C-. an d  D -M A C /packet s y s te m s  p r o v id e  th e  p o s s i b i l i t y  to  
i n t r o d u c e  c o m p a t ib le  w id e r  a s p e c t  r a t i o  p i c t u r e s .  The u s e  o f  TDM c o n t r o l  to  
r e d u c e  th e  w id th  o f  th e  d i g i t a l  so u n d  b u r s t  ( t o  a  v a l u e  s u f f i c i e n t  to  c a r r y  one 
s t e r e o  s i g n a l  o n ly )  e n a b le s  a d d i t i o n a l  lu m in a n c e  a s p e c t  r a t i o  in f o r m a t i o n  to  be 
t r a n s m i t t e d .  The a d d i t i o n a l  c o r r e s p o n d in g  c h ro m in a n c e  s i g n a l s  a r e  s e n t  i n  th e  _  
f i e l d  i n t e r v a l  a s  show n i n  F ig u r e  2 an d  d e s c r i b e d  i n  J_ W indram. e t  a l . ,  1 9 8 3 b / .

F u r t h e r  s t u d i e s  h a v e  l e d  t o  t h e  d e f i n i t i o n  o f  a n  a l t e r n a t i v e  a p p r o a c h  
f o r  a  w i d e r  a s p e c t  r a t i o  w i t h  C - ,  D- a n d  D2-M AC/packet s y s t e m s .  T h i s  a p p r o a c h  
makes u s e  o f  t h e  n o rm a l  p i c t u r e  TDM co m p o n en ts  t o  p r o v i d e  a  1 6 :9  a s p e c t  r a t i o  
p i c t u r e  a n d  l e a v e s  t h e  d i g i t a l  d a t a  c a p a c i t y  u n c h a n g e d .  A 4 : 3  p i c t u r e  c a n  t h e n  
b e  e x t r a c t e d  f ro m  t h e  1 6 :9  w i d e - a s p e c t - r a t i o  p i c t u r e  f o r  d i s p l a y  on  c o n v e n t i o n a l  
m o n i t o r s .  F o r  t h e  same b a s e b a n d  s i g n a l  b a n d w id th  t h i s  w o u ld  g i v e  a  s l i g h t l y  
lo w e r  r e s o l u t i o n  due  t o  t h e  d i f f e r e n t  d e c o m p r e s s io n  f a c t o r ,  b u t  t h e  s y s te m  
b a n d w id th  f o r  f u t u r e  r e c e i v e r s  c a n  b e  i n c r e a s e d  t o  c o m p e n s a te  t h i s  e f f e c t .
[ S h e l s w e l l , 1982 ; CCIR, 1 9 8 2 -8 6  d ,  e ,  f , g] .

Receivers with incorporated frame stores will be able to process this additional information for 
wider aspect ratio displays.

The 4 :3  pictures are undisturbed by the process and are suitable for normal receivers.
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FIGURE 2 -  Proposed use o f  transmitted frame for extended MAC 

Note. — Shaded areas used for video extensions.

3.6.3 Vision multiplexing at line and field  rate

The use of TDM control in the MAC/packet fam ily  o f  systems and the use o f frame storage in 
receivers provides the basis for a variety of transmission formats. Some possibilities are under study 
[CCIR, 1982 86c].

Further studies are also being carried out on a second set of compression ratios, as well as on an 
alternative approach for a wider aspect ratio in the C- and D2-M AC/packet systems. This approach leaves 
the digital data capacity unchanged and provides a compatible 4:3 picture by using a new set o f expansion 
ratios (for the same baseband signal bandwidth this would give a slightly lower resolution, but the 
bandwidth can be increased) [Shelswell, 1982; CCIR, 1982-86d, e, f, g].

3.6.3.1 Multiplexing at fie ld  rate

The principle o f the method is shown in Fig. 3a. In this figure the content o f line periods is 
represented in horizontal direction, whereas in vertical direction the sub-division during a field period is 
visualized.

During a number of line periods per field only the luminance information (the Y  signal) is 
transmitted whereas during other line periods only colour-difference signals, in compressed form, are 
transmitted. The resulting picture will show the maximum horizontal resolution, as determined by the 
channel bandwidth, and an aspect ratio higher than normal. Methods aimed at the improvement of the 
vertical resolution are under study.
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An approach in which the methods at line rate and at field rate are combined is shown in Fig. 3b.
The time interval Y  is reserved for the transmission of the luminance information. The interval ca 

may contain one or two colour-difference signals; the same holds for the interval cb. The boundaries 
between the time intervals are indicated by the lines a, b, d and e.

The advantage o f TDM  control is that it provides great flexibility to alter the boundaries between 
the sound and video and the luminance and colour-difference signals. This flexibility offers the possibility 
o f increased aspect ratio, enhanced television, stereoscopic television and full field data transmission. It 
should be noted however, that many of the advantages referred to will require the use of a receiver 
incorporating a picture store.

3.6.3.2 Multiplexing a t line and fie ld  rate

. FIGURE 3a -  Multiplexing at field rate

7y : field period c, : 1st colour-difference signal (e.g. U)

T j : line period c2: 2nd colour-difference signal (e.g. V)

D : sound + data + sync. Y : luminance signal

FIGURE 3b -  Multiplexing at field and line rate

T field period 

7 j : line period 

D : sound + data + sync.

c a : 1st colour-difference signal (e.g. If) 

C^ : 2nd colour-difference signal (e.g. V) 

Y : luminance signal
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3.6.4 H D TV  (see also Report 801)

To avoid aliasing in the processes for extending vertical resolution in a single WARC channel, 
pre-filtering is used. The pre-filtering process involves discarding high frequency vertical/tem poral infor­
mation. This may not be of first order importance subjectively because the eye is less sensitive in this area 
[Tonge, 1982; Fujio et al., 1982]. Filters can be implemented which preserve the high frequency vertical/ 
temporal information for transmission in a second channel. The use of two WARC channels in this way 
should enable the achievement of nearly the full quality of an HDTV studio standard.

3.6.5 Stereoscopic television

A second WARC channel could be used to carry additional inform ation to permit stereoscopic 
television [CCIR, 1982-86b]. In this case both channels may carry similar compatible extended definition 
signals. These signals are combined in the receiver to produce the stereoscopic display. Further study is 
required.

4. Reasons for the choice of parameters for the MAC vision system used in the B-MAC systems defined in 
Report 1073

Detailed specifications for the B-MAC systems were set to meet the following characteristics: ’
— operation in a 24 MHz channel with a nominal C /N  of 14 dB;
— improved picture quality compared with existing 525-line systems;
— multiple high quality digital sound channels;
— data broadcasting capability (such data also to be used for sychronizing);
— encryption with individual addressability capability;
— potential for future enhancements;
— possible compatibility with high definition television.

B-MAC systems for both 525 and 625 lines have been developed in the United States and Canada. A 
similar system called B-TMC for 525 lines is under development in the United States. These systems are described 
in [CCIR, 1982-86h, i], • '

4.1 B-MAC

In the B-MAC systems the vision signal closely resembles the vision format of th e  MAC/packet fam ily . The same 
compression factors are used, however the clock frequencies differ. l ik e  th e  MAC/packet fam ily , B-MAC 
transmits the luminance and chrominance information within the active line time. The colour-difference signals 
are sequentially transmitted on alternate lines. In B-MAC, the clock frequencies are even integer multiples o f the 
NTSC colour sub-carrier frequency. The luminance sampling frequency of 14.32 MHz permits a luminance 
bandwidth up to 6.4 MHz using straightforward techniques. Chrominance bandwidth is limited by the Nyquist 
criteria. These bandwidths can be used to transmit wide-screen pictures on 525-line standards in a way which is 
compatible with the receivers, now in use, which have 4:3 aspect ratio screens. The wide-screen aspect ratio which 
makes this compatibility possible is 16:9 or 4:3 of the standard aspect ratio. Changing transmitted aspect ratio 
from 16:9 to 4:3 requires changing the clock frequencies for time decompression from \365Fh: 9\0Fh: 455Fh to 
1365Fh : 682.5Fh: 341.25Fh. Selection of the portion of the 16:9 picture to be displayed on the 4:3 screen is 
controlled by an instruction transmitted digitally within the field blanking interval. The full bandwidth potential 
o f B-MAC (6.4 MHz) requires about 3 dB greater C /N  tor the same weighted S / N  with respect to that required 
for 4.2 MHz uncompressed luminance bandwidth.
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B-MAC employs line translational video scrambling and digitally encrypts 
the audio/data with individual or group receiver addressability.

In t h i s  system/ the vertical and horizontal synchronization information is transmitted in digital form 
using high redundancy error correction schemes, thus providing very robust synchronization signal recovery. This 
system has been demonstrated as being capable of maintaining synchronization at C /N  values down to 2 dB so 
that reliable synchronization can be maintained during periods of high noise such as are typical of satellite 
transmissions under adverse weather conditions an d /o r antenna misalignment. Only one line o f the vertical 
blanking interval is used to transm it the synchronization information; the remaining lines of the vertical blanking 
interval of the MAC signal can be used for other services such as teletext, additional vision information, etc.

A new emphasis network is proposed for these signals as the degree of emphasis necessary for NTSC is 
not optimum for component signals. The optimum MAC pre-emphasis characteristic has shorter time constants 
and less low frequency insertion loss as shown in Table I. Such a network improves performance at or below 
threshold, while at the same time the impulses induced by threshold noise are less subject to stretching. The 
resulting overall subjective picture quality improvement when the MAC signal operates under conditions of low 
C /N  is considered to be one of the most significant attributes of the MAC system.

The MAC signal should be designed so that during adverse conditions the vision signal fails first followed 
by the synchronization. This follows the practice in terrestrial broadcasting. FM threshold is reached at about 
10 to 11 dB C/ N.  Synchronization in MAC systems remains even at 2 dB C / N  or less.

4.2 Dual aspect-ratio B-M AC

The B-MAC format has a potential for extension to extended definition transmissions. It carries an 
interlaced picture with the associated sound, synchronization and conditional access addressability data. The 
B-MAC systems can transmit either 4:3 aspect ratio or wide-screen 16:9 pictures [Rhodes and Lowry, 1985]. 
Viewers can view a 4:3 picture' of very high quality (effective luminance bandwidth 4.8 MHz) on conventional 4:3 
aspect ratio screens. Viewers having a 16:9 display can obtain wide-screen pictures. The increased luminance 
baseband bandwidth of 6.4 MHz will provide the same horizontal resolution on 16:9 displays as on basic displays 
of 4:3 aspect ratio. In the near future, advanced displays are expected which can de-interlace the transmitted 
signal for improved picture quality. A de-interlaced wide-screen picture (each frame is repeated twice) can be 
expected to approach the quality of a higher line-rate transmission system. Further studies, particularly concerning 
motion detection, will be required.

5. Scrambling for conditional access

It is a requirement in conditional access that the vision and sound signals should be scrambled under the 
control of an encryption system. T h e  p r i n c i p l e s  o f  c o n d i t i o n a l  a c c e s s  a r e  d i s c u s s e d  i n  R e p o r t  1079- 
E x a m p le s  r e l e v a n t  t o  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  a r e  g i v e n  i n  T a b l e  I  a n d  
A nnex  I I  o f  t h a t  R e p o r t  a n d  i n  t h e  s p e c i a l  p u b l i c a t i o n  o f  CCIR ( S p e c i f i c a t i o n  o f  
t r a n s m i s s i o n  s y s te m s  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e ) .The following is a description 
of picture scrambling.

5.1 Scrambling algorithm

Tests have shown that a very high degree of picture scrambling can be obtained by methods which 
redistribute the picture elements in time. The existence of a line store in each domestic decoder suggests that this 
process is best done within each line, rather than by re-ordering complete lines within a frame. The latter process 
would require a frame store.

Double-cut component rotation and single-cut line rotation are methods of scrambling which can be 
applied to MAC systems and are capable of giving excellent performance provided that tolerances on line tilt, 
within the path of the scrambled signal, are adequately controlled.
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These methods are members of a family of scrambling techniques which rely on the splitting and 
rearranging of the multiplexed com ponent which make up the video line.

In the double-cut com ponent rotation system, the chrominance and luminance components are separately 
rotated cyclically about their lengths by a pseudo randomly determined distance (Fig. 4b). This rotation distance 
will be governed by the output o f a pseudo-random sequence generator which forms part of the encryption 
process.

In the single-cut line rotation system, the colour-difference com ponent of each line is cut into two 
segments and the First segment is moved to the end of the line (Fig. 4c). The position of the cut point is 
determined by the output of a pseudo-random sequence generator.

Component rotation and line rotation appear to be very attractive for picture scrambling and it has been 
demonstrated that the scheme is capable of totally concealing a transmitted image and can easily be de-scrambled 
[Lodge, 1983].

Line translation scrambling has also been implemented and has the advantage of lower sensitivity to 
distortions in the signal path such as line tilt. In this method the transmitted line blanking period is varied in a 
pseudo-random manner and this has the effect, in an unauthorized receiver, of de-correlating lines in the picture 
and displacing parts of the active line outside the viewing area of the displayed picture. The scrambling effect is 
strong [Lowry, 1984]. A schematic description of line translation scrambling for 525-line B-MAC systems is shown 
in Fig. 5.

There are a number of other ways of modifying the signal to obtain a scrambling effect. The two methods 
which have been described are suitable for use with a MAC system. The line stores used for time decompression 
can also be used to de-scramble the picture.

Early standardization of the scrambling methods may be necessary to prevent a proliferation of black 
boxes around the domestic television receiver.

• Colour-difference Luminance
I component component

FIGURE 4a -  Normal MAC line
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FIGURE 4b -  Double-cut component rotation scrambling

I FIGURE 4c -  Single-cut line rotation scrambling



(scrambled)

52.5 ms

than 
11 MS

than 
11 ms

(descrambled)

11.1 ms
52.5 ms

11.1 MS
52.5 ms

FIGURE 5 -  Line translational scrambling 

Note. -  Averaged over any field, blanking time is constant. From line-to-line blanking time varies in a pseudo-random manner.
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ANNEX I

THE E7 PRE/DE-EMPHASIS CHARACTERISTICS*

1. E7 d e -e m p h a s is  c h a r a c t e r i s t i c

1 .1  Analogue E7

R e f e r r i n g  to  t h e  b l o c k  d iag ram  o f  F ig .  6 :

Delay element T 

T = 0 

Low-pass filter F

The t r a n s f e r  f u n c t i o n  i s  g iv e n  by

1
1 + j  f/f0

where f = f r e q u e n c y
f0= 2.0 MHz .

Non-linear function N~^

T h is  i s  i l l u s t r a t e d  i n  F ig .  7

The o u tp u t  VQ o f  t h e  n o n - l i n e a r  f u n c t i o n  i s  r e l a t e d  to  i t s  i n p u t  V± by  th e  
r e l a t i o n s h i p :

V0 1 V0+ yv02 + (2AC) 2
V = —  + -  I n  ------------------------------

C B 2AC

A -  0 .0 0 9  
B -  19 .80  
C -  1 .5642

T h is  f u n c t i o n  h a s  b e e n  s p e c i f i c a l l y  c h o se n  b e c a u se  i t  c a n  be  s im p ly  im p le ­
m ented i n  a n a lo g u e  c i r c u i t r y .  [IBA, 1988].

Post filter

The E7 n e tw o rk  i s  f o l lo w e d  by  a  p o s t  f i l t e r .  A 12 MHz ( - 3  dB) 3 p o l e  
Chebyshev ( 0 .1  dB r i p p l e )  f i l t e r  i s  s u i t a b l e  f o r  t h i s  p u r p o s e .

* I t  s h o u ld  be  n o t e d  t h a t  t h e  u se  o f  E7 i s  o p t i o n a l  t h e r e f o r e  i t s  u s e  m ust  be  
s i g n a l l e d  i n  t h e  s e r v i c e  i d e n t i f i c a t i o n  codes o f  th e  MAC/packet f a m i l y .  I f  i t  i s  
a d o p te d  u n i v e r s a l l y ,  t h e  s i g n a l l i n g  w i l l  n o t  be  n e c e s s a r y . F u r t h e r  s t u d i e s  on 
t h i s  q u e s t i o n  a r e  n eed ed ,  i n  p a r t i c u l a r  to  s p e c i f y  th e  s i g n a l l i n g  co d e s  u s e d  in  
t h e  s e r v i c e  i d e n t i f i c a t i o n .
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1 .2  Digital EZ

I t  c a n  beeshown t h a t  th e  b l o c k  d iag ram  o f  F ig .  6 i s  f u n c t i o n a l l y  e q u i v a ­
l e n t  to  t h e  b l o c k  d ia g ra m  o f  F ig .  8 , w here Fx i s  th e  com plem en ta ry  f i l t e r  (h ig h  
p a s s )  t o  F, a n d ' t h e  n o n - l i n e a r  f u n c t i o n  i s  changed  to  become a new f u n c t i o n ,  N , . 
T h is  i s  i l l u s t r a t e d  i n  F i g .  9 .

The f u n c t i o n  i s  n o n -m o n o to n ic  b u t  c a n  be  e a s i l y  im plem ented  by  means o f  a 
look -up .  t a b l e .  The im p le m e n ta t io n  o f  F ig .  8 i s  recommended b e c a u s e  o f  i t s  s im ­
p l i c i t y .

Smpling rate

2 0 .2 5  MHz.

Delay element T

T = 3 c l o c k  p e r i o d s

High pass filter

Phase  r e s p o n s e  
M agnitude  r e s p o n s e  
-3 dB b an d w id th

l i n e a r  
G a u ss ia n  
2 .0  MHz

A 7 - t a p •d i g i t a l  f i l t e r  i s  u s e d  w i th  th e  f o l l o w i n g  c o e f f i c i e n t s :  

180

Cl

256

C - l  = -
58

256

25

256

7

256

These a r e  s c a l e d  f o r  u n i t y  a . c .  g a in

Non linear function Ni

I f  N"1 i s  d e s c r i b e d  by  VQ *= f(V±),

where = in p u t  
VQ = o u t p u t

t h e n  Nx i s  d e s c r i b e d  by

“  f(V±) - Vi ( s e e  F ig .  9)

f(V-L) c a n n o t  b e  s p e c i f i e d  i n  c l o s e d  form, b u t  c a n  be e v a l u a t e d  from th e  r e l a ­
t i o n s h i p  :

V,
C B

Vp + 7Vq2 + (2AC) 2 
2AC

where A -  0 .0 1 1 '  
B -  1 9 .8 0 .  
C •= 1 .5225
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2. Pre-emphasis characteristics

2 .1  Analogue pre-emphasis

The b l o c k  d ia g ra m  i s  shown i n  F ig .  10. The d e -e m p h a s is  n e tw o rk  shown 
c o r r e s p o n d s  t o  t h e  c h a r a c t e r i s t i c s  o f  §1 . 1 .

The g a i n  G m ust be  s u f f i c i e n t l y  h ig h  t h a t  th e  e r r o r  e i s  s m a l l  compared to  
t h e  i n p u t  s i g n a l  f o r  b a s e b a n d  f r e q u e n c i e s  up t o  8 .4  MHz. The o u t p u t  f i l t e r  i s  
12 MHz ( -3  dB) b a n d w id th  low p a s s .

2 .2  Digital pre-emphasis

The b lo c k  d ia g ra m  i s  shown i n  F ig .  11.

High-pass filter Fi

C lock  r a t e  
Phase  r e s p o n s e  
M agnitude  r e s p o n s e  
- 3 dB b an d w id th

20 .25  MHz 
l i n e a r  
G au ss ian  
2 .0  MHz

A 7 - t a p  d i g i t a l  f i l t e r  i s  u se d  w i th  th e  f o l lo w in g  c o e f f i c i e n t s :

180 25
CQ -  Cp = c -2 = ~----

256 256

58 7
C l  -  C _ i  -  -  ---------------------  Cj = C . J  = -  —

256 256

These  a r e  s c a l e d  f o r  u n i t y  a . c .  g a in .

Delay element T:

3 c l o c k  p e r i o d s

Non-linear function Ni

As f o r  d e -e m p h a s is  ( § 1 . 1 ) .

Non-linear function N£

T h is  f u n c t i o n  i s  d e s c r i b e d  by th e  f o l lo w in g  e q u a t io n :

(1  - C) 1
Vn =  V, -------------  +  -  I n

C B

v i  + 7 v i 2 + (2AC )2

2AC

where A = 0 .0 1 1  
B -  19 .8 0  
C = 1 .5225

REFERENCES

IBA, E x p e r im e n ta l  and Development r e p o r t  141 /88 ,  Compatible non-linear pre­
emphasis for MAC signals.
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A : a d d e r
T : d e l a y  e l e m e n t
F : lo w  p a s s  f i l t e r
N_1 : n o n - l i n e a r  f u n c t i o n

F i g u r e  6 - E7 d e - e m p h a s i s  b l o c k  d i a g r a m
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  -0,5
v 0 = f ( V A)

Figure 7 - Non-linear function N"1
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a d d e r
d e l a y  e l e m e n t  
h i g h  p a s s  f i l t e r  
n o n - l i n e a r  f u n c t i o n

Figure 8 - Recommended de-emphasis implementation (digital)
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i n  F i g .  7 INPUT

F i g u r e  9 - Nx n o n - l i n e a r i t y
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F : low  p a s s  f i l t e r  
G : g a i n  o f  a m p l i f i e r » 1  
e : e r r o r  s i g n a l

Figure 10 - Analogue pre-emphasis configuration
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F i g u r e  11 - D i g i t a l  p r e - e m p h a s i s  c o n f i g u r a t i o n
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REPORT 1 0 7 5 -1

HIGH DEFINITION TELEVISION BROADCASTING BY SATELLITE 

(Question 2/10 and 11, Study Programme 2M /10 and 11)

(1986-1 9 9 0 )

1 Introduction -

On the occasion of their fourth Inter-Union Conference in 1983, all the Unions representing the 
broadcasting organizations of the entire world were unanimous in their recommendation for the adoption of a set 
o f common world-wide standards for high-definition television.

A d d i t i o n a l l y ,  a t  t h e i r  f i f t h  an d  s i x t h  I n t e r - U n i o n  C o n f e r e n c e s  i n  1986 and  
1989 , t h e y  w ere  u n a n im o u s  i n  recom m ending  t h e  p r o v i s i o n  o f  a s i n g l e  w o r ld -w id e  
f r e q u e n c y  a l l o c a t i o n  s u i t a b l e  f o r  BSS i n  HDTV.

R e p o r t  801 g i v e s  i n f o r m a t i o n  c o n c e r n i n g  g e n e r a l  c o n s i d e r a t i o n s ,  m e th o d  
o f  s c a n n i n g ,  s i g n a l  f o r m a t  o f  t r a n s m i s s i o n ,  b a n d w i d t h  r e d u c t i o n  t e c h n i q u e s  a n d
HDTV e q u ip m e n t .  •

T r a n s m i s s i o n  s y s t e m s  f o r  c o m m u n ic a t io n s  b e t w e e n  b r o a d c a s t  c e n t r e s  a r e  
l i k e l y  t o  b e  d i r e c t l y  b a s e d  o n  w o r ld - w id e  s t u d i o  s t a n d a r d s .

F o r  s a t e l l i t e  b r o a d c a s t i n g  o f  HDTV, s t a n d a r d s  w i t h  a  m o d i f i e d  f o r m a t  
w i l l  be  n e e d e d  t o  a l l o w  f o r  a  g ood  b a l a n c e  b e tw e e n  v e r y  h i g h  p i c t u r e  q u a l i t y ,  
c h a n n e l  b a n d w i d t h  s u i t a b l e  f o r  HDTV a n d  t h e  c o m p l e x i t y  o f  t h e  r e c e i v e r .  T h i s  
b a l a n c e  h a s  n o  u n i q u e  s o l u t i o n  a n d  d i f f e r e n t  p r o p o s e d  s y s t e m s ,  b o t h  a n a lo g u e  a n d  
d i g i t a l  a r e  d e s c r i b e d  i n  t h i s  r e p o r t .

Some a d m i n i s t r a t i o n s  a r e  c o n s i d e r i n g  t h e  p o s s i b l e  i m p l e m e n t a t i o n  o f  a n
HDTV BSS.

The CCIR h a s  p r o d u c e d  a R e p o r t  t o  t h e  s e c o n d  s e s s i o n  o f  t h e  WARC ORB 1988 i n  
v iew  o f  t h e  p o s s i b l e  c o n s i d e r a t i o n  o f  a  p o s s i b l e  w o r l d  w id e  f r e q u e n c y  a l l o c a t i o n  
t o  t h e  BSS. I t  h a s  a l s o  p r o d u c e d  a R e p o r t  a t  t h e  e x t r a o r d i n a r y  m e e t i n g  o f  S tu d y  
Group 11 on t h e  s u b j e c t  o f  HDTV, w i t h  p a r t i c u l a r  c o n s i d e r a t i o n  o f  t h e  q u e s t i o n  o f  
a  common w o r l d - w i d e  s t a n d a r d .  M ost o f  t h e  r e l e v a n t  m a t e r i a l  f ro m  t h e s e  two r e p o r t s  
h a s  b e e n  i n t e g r a t e d  i n t o  t h i s  CCIR R e p o r t  t o  p r e s e n t  t h e  c u r r e n t  s i t u a t i o n  
c o n c e r n i n g  HDTV s y s t e m s ,  f r e q u e n c y  b a n d s  a n d  s h a r i n g  p r o b l e m s .
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The c u r r e n t  CCIR s t u d i e s  a r e  b a s e d  o n  HDTV s y s t e m s  f o r  w h ic h  p a r a m e t e r s  
w i l l  b e  o p t i m i z e d  f o r  v i e w i n g  d i s t a n c e  i n  t h e  n e i g h b o u r h o o d  o f  t h r e e  t i m e s  
p i c t u r e  h e i g h t  f o r  a  l a r g e  s c r e e n  d i s p l a y  [CCIR, 1 9 8 6 - 9 0 a ] .  T h i s  w i l l  i n f l u e n c e  
f a c t o r s  s u c h  a s  v i s i b i l i t y  o f  n o i s e ,  i n t e r f e r e n c e  a n d  d i s t o r t i o n .  O b j e c t i v e  
f i g u r e s  a r e  n e e d e d  f o r  t h e  t a r g e t  v a l u e s  o f  t h e s e  p a r a m e t e r s .  T h e s e  o b j e c t i v e  
f i g u r e s  a r e  r e l a t e d  t o  s u b j e c t i v e  i m p a i r m e n t s .

Two q u a l i t y  f a c t o r s  a r e  c o n s i d e r e d  n e c e s s a r y  f o r  s a t e l l i t e  b r o a d c a s t i n g
o f  HDTV:

- g o o d  q u a l i t y  m u s t  n o r m a l l y  b e  a v a i l a b l e ;

- o u t a g e  t i m e s  s h o u l d  b e  s e v e r e l y  l i m i t e d .

The c h o i c e  o f  q u a l i t y  o b j e c t i v e s  f o r  HDTV i s  a  s e n s i t i v e  i s s u e  b e c a u s e  
q u a l i t y  i s  t h e  m a in  f e a t u r e  o f  i t s  v i a b i l i t y .  I t  I s  a l s o  c o n s i d e r e d  
u n s a t i s f a c t o r y  f o r  t h e  p e r f o r m a n c e  t o  f a l l  b e lo w  t h e  e q u i v a l e n t  o f  c o n v e n t i o n a l  
TV s y s t e m s .  The v i e w e r  w i l l  b e  p a y i n g  a  p rem iu m  f o r  q u a l i t y ,  b o t h  i n  t h e  h i g h e r  
c o s t  o f  t h e  r e c e i v e r ,  a n d  i n  t h e  program m e c o s t s .

The q u a l i t y  i s  r e l a t e d ,  d e p e n d i n g  u p o n  t h e  c o d i n g  a n d  m o d u l a t i o n  
schem e, t o  t h e  c a r r i e r - t o - n o i s e  r a t i o  w h ic h  i s  a  m o s t  i m p o r t a n t  c o n s i d e r a t i o n  i n  
e s t a b l i s h i n g  a n  HDTV s e r v i c e .  The WARC BSS P l a n s  f o r  c o n v e n t i o n a l  t e l e v i s i o n
a r e  b a s e d  on  a  c a r r i e r - t o - n o i s e  r a t i o  o f  14 dB, c o r r e s p o n d i n g  t o  a  q u a l i t y  g r a d e  
o f  3 . 5 ,  a c h i e v e d  f o r  99% o f  t h e  w o r s t  m on th .

Im p ro v e m e n ts  i n  r e c e i v e r  t e c h n o l o g y  h a v e  l e d  t o  h i g h e r  v a l u e s  o f  
c a r r i e r - t o - n o i s e  r a t i o  b e i n g  a c h i e v a b l e  a s  d e s c r i b e d  i n  § 7 .  I n  t h e  c a s e  o f  HDTV 
t r a n s m i s s i o n s  i n  t h e  12 GHz b a n d ,  t h e  t a r g e t  v a l u e  o f  c a r r i e r - t o - n o i s e  r a t i o  
s h o u l d  b e  i n  t h e  o r d e r  t o  17 t o  20 dB. •

I n  t h e  c a s e  o f  t h e  o t h e r  b a n d s , t h e  f r e q u e n c y  d e v i a t i o n  c a n  b e
i n c r e a s e d  t o  c o m p e n s a te  f o r  n o i s e  im p a i r m e n t .  H ow ever ,  t h i s  may l e a d  t o  v e r y
w id e  b a n d w i d t h  c h a n n e l s ,  w i t h  a  p o s s i b l e  i n c r e a s e  i n  i n t e r f e r e n c e  a n d  
d i s t o r t i o n .  G e n e r a l l y ,  c o n s i d e r i n g  t h e  t r a d e - o f f  b e tw e e n  s p e c t r u m  e f f i c i e n c y  and  
a p p r o p r i a t e  s y s t e m  c h a r a c t e r i s t i c s ,  i t  may b e  d e s i r a b l e  t o  s e t  t h e  t a r g e t  
c a r r i e r - t o - n o i s e  r a t i o  a t  a b o u t  17 dB.

I n  t h e  12 GHz b a n d s , t h e  BSS P l a n s  h a v e  s t r i n g e n t  p r o t e c t i o n  
r a t i o s  s o  t h a t  i n t e r f e r e n c e ,  a t  w o r s t ,  i s  j u s t  p e r c e p t i b l e .  Any HDTV s i g n a l  i n  
t h e s e  b a n d s  w i l l  a l s o  h a v e  t o  r e s p e c t  t h i s  r e q u i r e m e n t .  H ow ever ,  t h e  s e n s i t i v i t y  
t o  i n t e r f e r e n c e  may b e  d i f f e r e n t  b e c a u s e  o f  t h e  d i f f e r e n t  t y p e  o f  c o d i n g  a n d  
c h a n g e d  v i e w i n g  c o n d i t i o n s .  A ls o  t h e  e f f e c t  o f  i n t e r f e r e n c e  o n  d i g i t a l  s i g n a l s  
may n e e d  t o  b e  t r e a t e d  d i f f e r e n t l y .  T h i s  i s  d i s c u s s e d  f u r t h e r  i n  § 11 .

The e f f e c t  o f  c h a n n e l  d i s t o r t i o n s  o n  t h e  q u a l i t y  o f  t h e  r e c e i v e d  s i g n a l
m u s t  a l s o  b e  i n c l u d e d  i n  t h e  s y s te m  d e s i g n .

The m a in  s o u r c e  o f  d e g r a d a t i o n  t o  p i c t u r e  q u a l i t y  i s  c a u s e d  b y  t h e  
i n c r e a s e d  l e v e l s  o f  n o i s e  d u r i n g  t im e s  w hen t h e  s i g n a l  i n  a t t e n u a t e d  b y
h y d r o m e t e o r s  ( s e e  § 4 ) .  C a r e f u l  a t t e n t i o n  m u s t  b e  p a i d  t o  t h e  q u e s t i o n  o f  t r a d e ­
o f f  b e t w e e n  s i g n a l  q u a l i t y  ( c a r r i e r - t o - n o i s e  r a t i o )  a n d  t h e  t im e  t h i s  i s
a c h i e v e d  o r  e x c e e d e d .  D i f f e r e n t  t r a d e - o f f s  may b e  a p p r o p r i a t e  i n  d i f f e r e n t  r a i n
z o n e s .
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When considering availability objectives, not only must the percentage time 
the service is to be available be considered, but also the percentage of the 
service area that will be covered. Problems of clutter, physical geography and 
microclimates may lead to small but significant areas which cannot be guaranteed 
adequate quality. Differences in the HDTV television system performance, its 
baseband coding and modulation characteristics, as well as the frequency band and 
its propagation and sharing factors lead to new parameters being desirable (see 
Annex I).

3. S u i t a b l e  a n d  a p p r o p r i a t e  f r e q u e n c y  b a n d s

WARC ORB 1 988 ,  i n  i t s  R e s o l u t i o n  521 r e s o l v e d  t h a t  t h e  f r e q u e n c y  r a n g e
1 2 .7  - 23 GHz b e  c o n s i d e r e d  f o r  t h e  c h o i c e  o f  an  a p p r o p r i a t e  b a n d  f o r  w id e  
RF b a n d  HDTV, a n d  t h a t  w h i l e  p l a n s  f o r  t h e  1 1 .7  - 1 2 .7  GHz b a n d  c a n  a l r e a d y  be  
u s e d  f o r  c e r t a i n  t y p e s  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n ,  s t u d i e s  s h o u l d  be  
c o n t i n u e d  on  t h e  l o n g  r a n g e  f u t u r e  s u i t a b i l i t y  o f  t h e s e  b a n d s  f o r  HDTV w i t h o u t  
p r e j u d i c e  t o  t h e  e x i s t i n g  p l a n s  i n  t h i s  b a n d .

I n  t h i s  s e c t i o n  t h e r e  i s  a d i s c u s s i o n  o f  a l l  t h e  a p p r o p r i a t e  o r  a v a i l a b l e  
f r e q u e n c y  b a n d s ,  b u t  w i t h  e m p h a s i s  on d e t a i l e d  d i s c u s s i o n  o f  t h o s e  f r e q u e n c i e s  
i d e n t i f i e d  b y  R e s o l u t i o n  521 .

3.1 Available frequency bands

The fo llow ing  bands above 10 GHz a re  a l l o c a t e d  to  the BSS in  
A r t i c l e  8 o f  th e  Radio R egu la t ions :

12 GHz band:

th e  band l i m i t s  a re  d i f f e r e n t  in  Regions 1, 2 and 3, and re q u ire  
s l i g h t l y  d i f f e r e n t  r e c e iv e r  RF d es ig n s .  The band was planned in  1977 f o r  
Regions 1 and 3 (27 MHz bandwidth channels)  and in  1983 f o r  Region 2 
(24 MHz bandwidth c h a n n e ls ) .

With the  p o s s ib l e  excep tion  o f  those  c o u n tr ie s  i n  Region 2 
whose ass ignm ents  in c lu d e  a l l  32 channe ls ,  on ly  c e r t a i n  t ran sm iss io n  
fo rm ats  can be accommodated i n  the  12 GHz BSS Plans fo r  Regions 1, 2 
and 3. These P lans a re  n o t  a p p ro p r ia te  f o r  the  use o f  s in g le  channel 
wideband t r a n sm is s io n s  because o f  c o n s t r a i n t s  on channel spacing  and 
i n t e r f e r e n c e  l i m i t s .  More d e t a i l s  can be found in  § 6 o f  R e p o r t  631  
on sh a r in g .

23 GHz band:

from 22.5 to  23 GHz f o r  Regions 2 and 3 s u b je c t  to  A r t i c l e  14 o f  the  
Radio R e g u la t io n s .  I t  i s  n o t  a l l o c a t e d  to  the  b ro ad cas t in g  s a t e l l i t e  
s e r v ic e  i n  Region 1.

The 23 GHz band i s  a p o s s ib le  worldwide band f o r  HDTV 
b ro a d c a s t in g  by s a t e l l i t e .  However, use  o f  t h a t  band f o r  the  BSS would 
be c o n s t r a in e d  by p ro p a g a t io n  f a c to r s  and the  need to  share  w ith  the  
f ix e d ,  mobile and i n t e r - s a t e l l i t e  s e rv ic e s  a l s o  a l l o c a t e d  to  t h i s  band 
and to  p r o t e c t  the  r a d io  astronony  s e r v i c e .  This w i l l  be d isc u s se d  i n  
more d e t a i l  in  the  n e x t  s e c t io n .
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42 GHz band: 

from 4 0 .5  to  4 2 .5  GHz - worldwide a l l o c a t i o n .

This band i s  a l l o c a t e d  worldwide to  the  BSS w ith  th e  
t e r r e s t r i a l  b ro a d c a s t in g  s e rv ic e  sh a r in g  the  band on a  p e rm i t te d  b a s i s .

T he  r a i n  a t t e n u a t i o n  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  a t  lo w e r  
f r e q u e n c i e s .

F u r t h e r m o r e ,  h i g h - p o w e r  t r a n s m i t t i n g  e q u ip m e n t  a n d  l o w - n o i s e  
r e c e i v i n g  e q u ip m e n t  a r e  n o t  a v a i l a b l e  f o r  t h i s  b a n d .

85 GHz band: 

from 84 to  86 GHz - worldwide a l l o c a t i o n

The 85 GHz band i s  a l l o c a t e d  worldwide to  the  BSS, w ith  th e  
t e r r e s t r i a l  f ix e d ,  m obile ,  and b ro a d c a s t in g  s e rv ic e s  sh a r in g  th e  band  on 
a  " p e r m i t t e d "  b a s i s  ( s e e  RR F o o t n o t e  9 1 3 ) .  T h i s  b a n d  i s  e v e n  l e s s  
p r o m i s i n g  t h a n  t h e  42  GHz b a n d  f ro m  t h e  p o i n t  o f  v ie w  o f  p r o p a g a t i o n  
a n d  t e c h n o l o g y .

3 . 2  O t h e r  s u i t a b l e  f r e q u e n c y  b a n d s

I n  g e n e r a l ,  a t  f r e q u e n c i e s  a b o v e  10 GHz, r a i n  a t t e n u a t i o n  
a n d  r a i n  d e p o l a r i z a t i o n  i n c r e a s e  w i t h  f r e q u e n c y .  I n  a d d i t i o n ,  
a b s o r p t i o n  i s  p a r t i c u l a r l y  l a r g e  n e a r  t h e  r e s o n a n c e  f r e q u e n c i e s  
o f  c e r t a i n  a t m o s p h e r i c  g a s e s .  I n  p a r t i c u l a r ,  a b s o r p t i o n  i s  w e l l  
a b o v e  t h e  g e n e r a l l y  i n c r e a s i n g  t r e n d  l i n e  n e a r  2 2 ,  60 a n d  120 GHz. 
S i n c e  t h e  a t t e n u a t i o n  a b o v e  a n y  o f  t h e s e  f r e q u e n c i e s  i s  a l w a y s  
g r e a t e r  t h a n  a t t e n u a t i o n  b e lo w  th e m ,  t h e  m o s t  s u i t a b l e  b a n d s  f o r  
s p a c e - t o - E a r t h  p a t h s  l i e  b e lo w  22 GHz.

Throughout th e  range from 1 GHz to  about 22 GHz, a t t e n u a t i o n  
i n  a com plete ly  dry  atmosphere i s  low. Moreover, r a i n  a t t e n u a t io n  
in c re a s e s  only  s l i g h t l y  as th e  frequency i s  in c re a se d  from 1 to  10 GHz. 
However, between 10 and 22 GHz, r a i n  a t t e n u a t io n  can in c re a s e  by an  
o rd e r  o f  magnitude f o r  a  g iven  r a i n  r a t e .

Although bands below 10 GHz would appear to  be more s u i t a b l e  
from the  s ta n d p o in t  o f  t h e i r  p h y s ic a l  c h a r a c t e r i s t i c s  ( r a i n  a t t e n u a t i o n  
and d e p o la r i z a t io n ,  coherence bandwidth, s c i n t i l l a t i o n  l e v e l s  e t c . )  th e  
bands between 10 and 22 GHz deserve  f i r s t  a t t e n t i o n  because o f  th e  need  
f o r  l a rg e  amounts o f  bandwidth to  acconmodate HDTV and th e  p a r t i c u l a r l y  
d i f f i c u l t  sh a r in g  s i t u a t i o n s  t h a t  would be c r e a te d  in  h e a v i ly  used  bands 
below 10 GHz.

P . f . d .  l i m i t s  a r e  u s u a l ly  adopted to  p r o t e c t  t e r r e s t r i a l  
systems from in t e r f e r e n c e  from space s t a t i o n s  in  the f requency  bands 
sh a red  on an equal b a s i s  by t e r r e s t r i a l  and space ( sp a c e - to -E a r th )  
s e r v i c e s .  There a re  now no sh a red  a l lo c a t i o n s  to  t e r r e s t r i a l  and space  
( s p a c e - to -E a r th )  s e r v ic e s  i n  th e  frequency range 19 .7-31 GHz w ith  th e  
ex c e p t io n  o f  the  band 22 .5 -23  GHz, which can be used by th e  BSS i n  
Regions 2 and 3, s u b j e c t  t o  A r t i c l e  14 o f  the  Radio R e g u la t io n s .
T here fo re  no p . f . d .  l i m i t s  have been e s t a b l i s h e d  in  t h i s  frequency
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r a n g e .  S t u d i e s  h a v e  b e e n  c a r r i e d  o u t  t o  e s t a b l i s h  t h e  s h a r i n g  
r e q u i r e m e n t s  o f  some o f  t h e  s e r v i c e s  i n  t h e s e  b a n d s .  D e t a i l s  c a n  b e  
f o u n d  i n  t h e  CCIR R e p o r t s  r e f e r r e d  t o  i n  S e c t i o n  1 2 .  An e x h a u s t i v e  
s t u d y  o f  a l l  t h e  b a n d s  r e f e r r e d  t o  i n  R e s o l u t i o n  521 h a s  n o t  
b e e n  c a r r i e d  o u t .  S e l e c t i v e  s t u d i e s  o f  some f r e q u e n c y  b a n d s  h a v e  
shown t h a t  t h e r e  w o u ld  b e  s h a r i n g  d i f f i c u l t i e s  t o  a  g r e a t e r  o r  l e s s e r  
e x t e n t  o v e r  t h e  w h o le  f r e q u e n c y  r a n g e  i d e n t i f i e d  i n  R e s o l u t i o n  5 2 1 .  F u r t h e r  
s t u d i e s  a r e  n e c e s s a r y .

4 .  P r o p a g a t i o n  f a c t o r s  a f f e c t i n g  t h e  u s e  o f  t h e s e  b a n d s

T h i s  s e c t i o n  s u m m a r iz e s  t h e  v a r i o u s  p r o p a g a t i o n  c h a r a c t e r i s t i c s  o f  th e  
many f r e q u e n c y  b a n d s  i n d i c a t e d  i n  t h e  p r e v i o u s  s e c t i o n  a s  p o s s i b l e  b a n d s  f o r  
s a t e l l i t e  e m i s s i o n s  o f  HDTV.

A large number of models have been developed in the past to predict 
propagation effects on terrestrial and space-Earth links.

The CCIR h a s  s e l e c t e d  t h e  m e th o d  w h ic h  show ed t h e  b e s t  co m p ro m ise  
b e t w e e n  a c c u r a c y  a n d  s i m p l i c i t y .  T h i s  m e th o d  i s  d e s c r i b e d  i n  R e p o r t  5 6 4 - 3 .

T h i s  m e th o d  i n  i t s  p r e s e n t  fo rm  g i v e s  q u i t e  r e a s o n a b l e  r e s u l t s ,  when 
c o m p a re d  w i t h  a v a i l a b l e  d a t a .  H ow ever ,  m e a s u r e m e n ts  c o n d u c t e d  i n  J a p a n  i n d i c a t e  
t h a t  t h i s  m e th o d  t e n d s  t o  u n d e r e s t i m a t e  t h e  l o s s e s  a n d  t h e  d i f f e r e n c e  
c o r r e s p o n d s  t o  t h e  e s t i m a t e d  i n c r e a s e d  a b s o r p t i o n  d u r i n g  r a i n .

New E u r o p e a n  r e s u l t s  t e n d  t o  show t h a t  t h e  ESA p r e d i c t i o n  i s  s l i g h t l y  
b e t t e r  t h a n  t h e  CCIR m e th o d  when c o m p a re d  on  a n  "rm s e r r o r "  b a s i s .  N e v e r t h e l e s s ,  
i t  i s  f e l t  t h a t  t h e  p r e d i c t i o n s  f ro m  t h e  CCIR m ode l a r e  r e a s o n a b l y  w e l l  f o u n d e d  
f o r  l a t i t u d e s  o f  a b o u t  3 0 °  a n d  g r e a t e r ,  b u t  w o u ld  t e n d  t o  o v e r - e s t im a te  th e  
a t t e n u a t i o n  a t  l o w e r  l a t i t u d e s .

4 . 1  A t m o s p h e r i c  a b s o r p t i o n

B eyond  a b o u t  8 GHz, t h e  e f f e c t s  o f  t h e  a t m o s p h e r e  o n  s a t e l l i t e  
t r a n s m i s s i o n  becom e n o n - n e g l i g i b l e . G a se o u s  a b s o r p t i o n  i s  m a i n l y  a t t r i b u t e d  t o  
t h e  p r e s e n c e  o f  w a t e r  v a p o u r  i n  t h e  a tm o s p h e r e  w h ic h  c a u s e s  a b s o r p t i o n  t o  
i n c r e a s e  w i t h  f r e q u e n c y  i n  a d d i t i o n  t o  t h e  p r e s e n c e  o f  a b s o r p t i o n  b a n d s ,  t h e  
f i r s t  o n e  b e i n g  c e n t r e d  a t  2 2 .8  GHz. The p r e s e n c e  o f  o x y g e n  r e s u l t s  i n  
a b s o r p t i o n  b a n d s  l o c a t e d  a r o u n d  60 a n d  120 GHz.

F i g u r e  3 o f  R e p o r t  7 1 9 -2  shows t h e  l e v e l  o f  a b s o r p t i o n  a s  a  f u n c t i o n  o f  
f r e q u e n c y  a n d  R e p o r t  5 6 4 - 3  g i v e s  t h e  c o r r e s p o n d i n g  a n a l y t i c a l  m o d e l .

4 . 2  R a i n  a t t e n u a t i o n

R a i n  i s  c o n s i d e r e d  t o  b e  t h e  m o s t  i m p o r t a n t  s o u r c e  o f  a t t e n u a t i o n  on  
t h e  s p a c e - E a r t h  l i n k s .  The v a r i o u s  m e a s u re m e n ts  o f  r a i n  a t t e n u a t i o n  show t h a t  i f  
t h e  a t t e n u a t i o n  a t  12 GHz i s  x  dB, t h e n  a t  20 GHz i t  i s  a p p r o x i m a t e l y  3 . 5x dB, 
a t  30 GHz a b o u t  6x  dB, a n d  a t  42 GHz a b o u t  8x dB.

The a t t e n u a t i o n  c a u s e d  b y  r a i n  i s  h e a v i l y  d e p e n d e n t  o n  t h e  am o u n t  o f  
p r e c i p i t a t i o n  a t  t h e  s p e c i f i c  l o c a t i o n .  R e p o r t  5 6 4 -3  h a s  d e f i n e d  d i f f e r e n t  r a i n  
z o n e s  c o v e r i n g  t h e  g l o b e  s o  t h a t  a p p r o p r i a t e  p r e c i p i t a t i o n  l e v e l s  c a n  b e  u s e d  i n  
t h e  r a i n  a t t e n u a t i o n  m o d e l .

For an average tem perate climate (Europe), the figures in Table I may be given as estimates for the 
attenuation caused by rain, as a function o f the frequency and the percentage of the worst month.
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TABLE I

E s t i m a t e d  r a i n  a t t e n u a t i o n  f o r  a v e r a g e  t e m p e r a t e  c l i m a t e

Frequency (G H z) 12 23 42 85

Percentage (%) 
o f  worst month

99 99.9 99 99.9 99 99.9 99 99.9

A ttenuation  (dB) 1.5 4.5 4.5 13.5 11.6 35 19 57

W o rs t  m o n th  s t a t i s t i c s  o f  a t t e n u a t i o n  i n  r a i n  ( T a b l e  I I )  w e re  o b t a i n e d  
u s i n g  s i m u l t a n e o u s l y  p a s s i v e  r a d i o m e t e r s  a t  12 GHz a n d  23 GHz f o r  f i v e  y e a r s  i n  
T o k y o .

The v a l u e s  i n c l u d e  a b s o r p t i o n  due  t o  a t m o s p h e r i c  g a s e s  a s  w e l l  a s  r a i n  
a t t e n u a t i o n .  The a t m o s p h e r i c  a b s o r p t i o n  o c c u p i e s  a p p r o x i m a t e l y  0 . 1  dB a n d  2 .8  dB 
a t  12 GHz a n d  23 GHz, r e s p e c t i v e l y  [ I t o ,  1 9 8 6 ] .

TABLE I I

M e a s u re d  r a i n  a t t e n u a t i o n  i n  Tokyo

Frequency ( G H z ) 12 23
Percentage (%) 
o f  worst month 99 99.9 99 99.9

Attenuation (dB) 1.7 5.2 9.5 23.1

I t  has been shown t h a t  f o r  f req u en c ies  above the  10 GHz band, 
much l a r g e r  a t t e n u a t io n  v a r i a t i o n s  a r e  sometimes experienced  over r a t h e r  
sm a ll  a r e a s .  These la rg e  a t t e n u a t i o n  v a r i a t i o n s  over the re g io n  a r e  th e  
r e s u l t  o f  c l im a to lo g ic a l  and to p o g ra p h ic a l  d i f fe re n c e s  and a re  o f t e n  
r e f e r r e d  to  as m ic roc lim a tes .  They can c r e a t e  h o le s  in  the  s a t e l l i t e  
f o o t p r i n t  such t h a t  th e  -3 dB o r  -1  dB con tour o f  the  p . f . d .  canno t be 
g uaran teed  over the  whole o f  th e  c e n t r a l  a re a .

Studies by the European Space Agency have shown that this problem can be 
ameliorated by using beam shaping of the satellite footprint to increase power 
flux densities in those areas likely to be most at risk.

A s t u d y  o f  t h e  f a d e  d u r a t i o n s  s t a t i s t i c s  w as c o n d u c t e d  i n  E u ro p e  a n d  i t  
w as f o u n d  t h a t  f a d e s  o f  a  d u r a t i o n  o f  10 s e c o n d s  a n d  l o n g e r  c o n t r i b u t e  t o  97-99% 
o f  t o t a l  f a d i n g  t i m e .  B e a r i n g  i n  m in d  t h e  f r e q u e n c y  s c a l i n g  f a c t o r s  i n v o l v e d ,  
o n e  c a n  assu m e  t h a t  t h e  f a d e  d u r a t i o n  d i s t r i b u t i o n  f o r  f a d e s  o f  6 dB a n d  h i g h e r  
a t  23 GHz a n d  f o r  15 dB a n d  h i g h e r  a t  42 GHz w i l l  h a v e  t h e  sam e s t a t i s t i c a l  
c h a r a c t e r i s t i c s .
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For l i n e a r  p o l a r i z a t io n ,  minimum r a i n  a t t e n u a t io n  occurs  when 
th e re  i s  an alignment between the  p o la r i z a t io n  v e c to r  and the  lo c a l  
v e r t i c a l  a x is  o f  the r a i n  drops. Maximum a t t e n u a t io n  occurs i n  the 
h o r iz o n ta l  d i r e c t io n  because f a l l i n g  r a i n  drops a re  o b la te .  I n  the  case 
o f  c i r c u l a r  p o la r i z a t io n ,  the  v e c to r  i s  assumed to  be a t  45°, hence 
re p re s e n t in g  the in-between case f o r  r a i n  a t te n u a t io n .  V e r t i c a l  
p o l a r i z a t i o n  w i l l  produce a r a i n  a t t e n u a t io n  ty p i c a l l y  i n  the  range o f  
75% to  95% o f  the  r a in  a t t e n u a t io n  produced by c i r c u l a r  p o l a r i z a t io n .

The measurements o f  r a i n  a t t e n u a t io n  a t  30 GHz were a l s o  
c a r r i e d  o u t  us ing  a space d i v e r s i t y  system ( i . e . ,  two space -E arth  
p a th s ) ;  an improvement i n  performance o f  about 4 dB f o r  0.1% o f  the  
w orst month was ob ta ined . I t  can be concluded t h a t  the  use o f  th e  space 
d i v e r s i t y  concept f o r  th e  feed e r  l in k s  to  the  BSS working a t  th e s e  h ig h  
f requenc ies  might be a way to  overcome h igh  a t t e n u a t io n  l e v e l s .

4 . 3  Rain depolarization

Rain-induced d e p o la r i z a t io n  o f  a  t r a n s m i t te d  wave occurs as  a  
r e s u l t  o f  the  n o n -sp h e r ic a l  shape o f  r a i n  drops.

Even though c i r c u l a r  p o l a r i z a t i o n  was adopted f o r  the  BSS a t  
12 GHz, a  c o n s id e ra t io n  o f  th e  type o f  p o l a r i z a t i o n  to  be used a t  23 GHz 
may be r e q u ire d  so t h a t  the  p r a c t i c a l  advantages o f  c i r c u l a r  
p o l a r i z a t i o n  can be compared w ith  the  lower r a i n  a t t e n u a t io n  and b e t t e r  
c r o s s - p o la r  d is c r im in a t io n  t h a t  can be ob ta in ed  from l i n e a r  p o l a r i z a t i o n  
when i t  i s  c lo se  to  lo c a l  v e r t i c a l  o r  h o r iz o n ta l .  This i s  even more t ru e  
f o r  the  cases  where frequency  reuse  i s  im possib le  due to  v e ry  poor 
d i s c r im in a t io n  from th e  c i r c u l a r  p o la r i z a t i o n .

I n  th e  case  o f  l i n e a r  p o l a r i z a t io n ,  an improvement over  
c i r c u l a r  p o l a r i z a t i o n  o f  up to  15 dB i n  d isc r im in a t io n  can be  o b ta in ed  
i f  th e  p o l a r i z a t i o n  v e c to r  i s  c lo s e  to  the  lo c a l  v e r t i c a l  o r  
h o r iz o n ta l .  I t  should  be no ted  t h a t  c r o s s - p o la r i z a t io n  due to  ic e  
c r y s t a l s  a t  h igh  f req u en c ies  (20-40 GHz) I s  s t i l l  a  l a r g e ly  unknown 
phenomenon and ca re  t h e r e f o r e  needs to  be  taken  when c o n s id e r in g  th e  r e ­
use o f  th e se  f req u en c ies  by means o f  o r thogonal p o l a r i z a t i o n .

Depolarization for circular polarization can be predicted by 
the model described in Report 564-3. Recent measurement results were 
found to be in good agreement with predicted values. It should 
be noted that the semi-empirical formula given in Report 564-3 
has not been tested for frequencies above 35 GHz.

Using the semi-empirical formula given in Report 564-3 (Geneva, 1986) 
relating cross polarization to attenuation, and taking account of the frequency, 
Table III can be drawn up for cross polarization.
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TABLE I I I

P r e d i c t e d  c r o s s - p o l a r i z a t i o n  i s o l a t i o n

Frequency (G H z) 12 23 42

Percentage (%) 
o f  worst month

99 99.9 99 99.9 99 99.9

A vailable cross 
po lariza tion  iso lation  
(dB) 30 20 25 15 24 13

W o rs t  m onth  s t a t i s t i c s  o f  r a i n  r e p o l a r i z a t i o n  w e r e  d e r i v e d  i n  T a b le  IV by 
m e a s u r in g  t h e  b e a c o n  s i g n a l  f ro m  t h e  CS a t  1 9 .5  GHz f o r  s i x  y e a r s  i n  K ash im a.

The v a l u e s  a t  23 GHz a n d  42 GHz w e re  s c a l e d  f r o m  t h e  m e a s u re m e n t  a t
1 9 . 5  GHz [ F u k u c h i ,  1 9 8 5 ] .

TABLE IV

M e a s u re d  a n d  f r e q u e n c y - s c a l e d  c r o s s - p o l a r i z a t i o n  i s o l a t i o n

F r e q u e n c y  (GHz) 1 9 . 5 • 23 42

Percentage (%) 
o f  worst month 99 9 9 . 9 99 9 9 . 9 99 9 9 .9

A v a i l a b l e  c r o s s  
p o l a r i z a t i o n  • 
i s o l a t i o n  (dB)

2 8 .3 2 0 .2 2 6 .8 1 8 . 7 2 0 .9 1 2 .8

4 . 4  O t h e r  p r o p a g a t i o n  e f f e c t s

A l th o u g h  t h e  a t m o s p h e r i c  i m p a i r m e n t s  on  r a d i o w a v e s  a t  f r e q u e n c i e s  ab o v e  
20 GHz a r e  d o m in a te d  b y  r a i n  e f f e c t s ,  two o t h e r  m e c h a n i s m s ,  i . e . ,  c l o u d s  an d  
m e l t i n g  l a y e r s ,  may b eco m e i n c r e a s i n g l y  i m p o r t a n t  u n d e r  c e r t a i n  c o n d i t i o n s  when 
g o i n g  t o  h i g h e r  f r e q u e n c i e s .

C lo u d  e f f e c t s  o n  r a d i o w a v e  p r o p a g a t i o n  c a n  b e  d e s c r i b e d  i n  t e r m s  o f  
a t t e n u a t i o n ,  s c i n t i l l a t i o n  a n d  d e p o l a r i z a t i o n  [CCIR, 1 9 8 6 -9 0 b  a n d  c ] ,

4 . 5  P r o p a g a t i o n  e x p e r i m e n t s  i n  t h e  f r e q u e n c y  r a n g e  u p  t o  23 GHz

S p a c e - b a s e d  a n d  t e r r e s t r i a l  p r o p a g a t i o n  m e a s u r e m e n t s  a n d  e x p e r i m e n t s ,  up t o  
23 GHz a n d  b e y o n d ,  h a v e  b e e n  c o n d u c t e d  f o r  many y e a r s ,  a n d  m o re  a r e  f i r m l y  
p l a n n e d .

The r e s u l t s  o f  w h o l l y  t e r r e s t r i a l  m e a s u re m e n ts  a n d  r a d i o m e t e r  o b s e r v a t i o n s ,  
b o t h  o f  w h ich  h a v e  b e e n  t a k e n  f o r  many y e a r s  o v e r  a w id e  r a n g e  o f  f r e q u e n c i e s  and  
i n  many r a i n  c l i m a t i c  z o n e s  a r e  u s e f u l .
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S p a c e - b a s e d  p r o p a g a t i o n  m e a s u r e m e n ts  i n  t h i s  f r e q u e n c y  r a n g e  h a v e  b e e n  made 
u s i n g  s e v e r a l  s p a c e c r a f t :  SIRIO (1 8 /1 2  GHz), ETS-V ( 3 0 /2 0  G H z), TELE-X (1 8 /1 2  GHz) 
a n d  TDF-1 (1 8 /1 2  GHz) .

A d d i t i o n a l  d a t a  w i l l  b e  a v a i l a b l e  f ro m  BS-B ( 1 8 /1 2  G H z), TV-SAT (1 8 /1 2  GHz), 
DFS/KOPERNIKUS ( 3 0 / 2 0 ,  30 GHz) a n d  f ro m  t h e  OLYMPUS (3 0 ,  1 8 / 3 0 ,  3 0 /2 0  a n d  12 GHz)
e x p e r i m e n t a l  s a t e l l i t e  o f  ESA --------------------  a n d  t h e  ACTS ( 3 0 / 2 0  GHz) s a t e l l i t e  o f
NASA ( f ro m  1 9 9 2 ) .  T h e s e  l a t t e r  p r o g r a m s  w i l l  p r o v i d e  i n f o r m a t i o n  on  t h e  d e p t h  and 
d u r a t i o n  o f  f a d e s  ( s i g n a l  a t t e n u a t i o n )  f o r  s m a l l  p e r c e n t a g e  o f  t i m e ,  o v e r  a wide 
r a n g e  o f  e l e v a t i o n  a n g l e s ,  a n d  i n  a  v a r i e t y  o f  r a i n  c l i m a t i c  z o n e s .  F e e d e r - l i n k  
p o w e r  c o n t r o l  a n d  s m a l l - s c a l e  e a r t h  s t a t i o n  d i v e r s i t y  w i l l  a l s o  b e  s t u d i e d .

5 .  HDTV t r a n s m i s s i o n  t e c h n i q u e s

5 . 1  G e n e r a l  a s p e c t s

The i m p o r t a n t  f e a t u r e s  o f  HDTV p r o d u c t i o n  s y s t e m s  a s  e n v i s a g e d  i n  
R e p o r t  801 a n d  r e l e v a n t  t o  t h e  d e s i g n  o f  b r o a d c a s t i n g  s y s t e m s  a r e :

- s p a t i a l  r e s o l u t i o n  i n  t h e  v e r t i c a l  a n d  h o r i z o n t a l  d i r e c t i o n s  o f  
a b o u t  t w i c e  t h a t  a v a i l a b l e  w i t h  R ecom m enda tion  601 ;

- im p r o v e m e n ts  i n  t e m p o r a l  r e s o l u t i o n  b e y o n d  t h a t  
a c h i e v a b l e  w i t h  Recommendation 601 w i t h  no s i g n i f i c a n t  c o s t  
p e n a l t i e s ;

- im p ro v e d  c o l o u r  r e n d i t i o n ;

- s e p a r a t e  c o l o u r - d i f f e r e n c e  and  lu m in a n c e  s i g n a l s ;

- a  w i d e r  a s p e c t  r a t i o  w i th  d i s p l a y  on  a  l a r g e  s c r e e n ;

- m u l t i - c h a n n e l  h i g h  f i d e l i t y  so u n d .

The r a d i o  f r e q u e n c y  b a n d w id th  r e q u i r e d  i s  a  f u n c t i o n  o f  t h e  b a s e b a n d  
b a n d w i d t h  o f  t h e  c o d e d  s i g n a l .  S a t e l l i t e  s y s t e m s  a r e  p o w e r  l i m i t e d  a n d  i t  i s  
i m p o r t a n t  t h a t  t h e  s p e c t r a l  e f f i c i e n c y  b e  o p t i m i z e d  a s  f a r  a s  p o s s i b l e .

The u n p r o c e s s e d  HDTV s i g n a l  i s  l i k e l y  t o  r e q u i r e  a  b a s e b a n d - w i d t h  o f  
a r o u n d  60 MHz o r  a  b i t  r a t e  o f  o v e r  1 . 2  G b i t / s  i f  c o d e d  d i g i t a l l y  [ S h e l s w e l l  a n d  
D o sc h ,  1 9 8 6 ] .  S u c h  l a r g e  s p e c t r u m  demands a r e  u n l i k e l y  t o  b e  s a t i s f i e d  i n  
e x i s t i n g  o r  p o s s i b l e  f u t u r e  b a n d s  a n d  a  s i g n i f i c a n t  a m o u n t  o f  b a n d w i d t h  
c o m p r e s s i o n  m u s t  b e  a p p l i e d .  T h i s  l e a d s  t o  i n c r e a s e d  c o s t  a n d  c o m p l e x i t y  i n  
s y s t e m  r e c e i v e r  d e s i g n ,  a n d / o r  l o s s  o f  q u a l i t y ;  a p p r o p r i a t e  s o l u t i o n s  m u s t  b e  
f o u n d . .

H ow ever ,  t h e  u s e  o f  a  new f r e q u e n c y  b a n d  c o u l d  a l l o w  t h e  f u t u r e  
p o s s i b i l i t y  o f  i n t r o d u c i n g  a n  HDTV s y s t e m  o f  h i g h e r  q u a l i t y  w i t h  a  l i m i t e d  
a m o u n t  o f  b a n d w i d t h  c o m p r e s s i o n .
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One f e a t u r e  w h ic h  i s  h i g h l y  d e s i r a b l e ,  a l t h o u g h  n o t  a b s o l u t e l y  
n e c e s s a r y ,  i s  "dow nw ard  c o m p a t i b i l i t y " .  As d e f i n e d  i n  R e p o r t  8 0 1 - 3 ,  a  new 
e m i s s i o n  s t a n d a r d  i s  " c o m p a t i b l e "  w i t h  a n  e x i s t i n g  e m i s s i o n  s t a n d a r d  i f  s i g n a l s  
o f  t h e  new s t a n d a r d  c a n  b e  r e c e i v e d  a n d  d i s p l a y e d ,  w i t h o u t  a d d i t i o n a l  e q u ip m e n t ,  
w i t h  r e c e i v e r s  d e s i g n e d  f o r  t h e  e x i s t i n g  s t a n d a r d .  The q u a l i t y  s h o u l d  b e  a b o u t  
t h e  same a s  t h e  q u a l i t y  when a  s i g n a l  o f  t h e  e x i s t i n g  s t a n d a r d  i s  r e c e i v e d .  
E xam ples  o f  t h e  e x i s t i n g  downward c o m p a t i b l e  s y s te m s  a r e  g i v e n  i n  s e c t i o n  6 .

The f o l l o w i n g  s e c t i o n s  d e s c r i b e  HDTV s i g n a l  t r a n s m i s s i o n  t e c h n i q u e s ,  
l e a d i n g  t o  e x a m p le s  o f  t r a n s m i s s i o n  f o r m a t s  a n d  t h e i r  r e q u i r e d  r a d i o  f r e q u e n c y  
c h a r a c t e r i s t i c s .

5 . 2  V id e o  s i g n a l  m u l t i p l e x i n g

M u l t i p l e x i n g  o f  l u m in a n c e  a n d  c o l o u r - d i f f e r e n c e  s i g n a l s  may b e  FDM o r  
TDM, b u t  TDM s i g n a l s  a r e  l e s s  s u s c e p t i b l e  t o  FM n o i s e  a n d  d i f f e r e n t i a l  g a i n  a n d  
p h a s e  when a p p l i e d  t o  BSS ( s e e  R e p o r t  1 0 7 4 ) .  F o r  t h i s  r e a s o n ,  m o s t  o f  t h e  
p r o p o s e d  HDTV t r a n s m i s s i o n  f o r m a t s  u s e  a  TDM s c h e m e .

C o m p r e s s i o n  r a t i o s  o f  l u m in a n c e  a n d  c h r o m i n a n c e  a r e  b e t w e e n  2 : 1  a n d  
4 : 1 .  C o l o u r - d i f f e r e n c e  s i g n a l s  a r e  m u l t i p l e x e d  w i t h  t h e  l i n e - a l t e r n a t i n g  m e th o d .  
A d o p t io n  o f  q u a s i - c o n s t a n t  l u m in a n c e  p r o c e s s i n g  i s  e f f e c t i v e  f o r  r e d u c t i o n  o f  
t h e  im p a i r m e n t  c a u s e d  b y  n o i s e  i n  t h e  t r a n s m i s s i o n  p a t h  [ N in o m iy a ,  e t  a l . ,
1 9 8 7 ] .

5 .3  B a n d w id th  r e d u c t i o n  t e c h n i q u e s  ,

C u r r e n t l y  p r o p o s e d  HDTV s t u d i o  s t a n d a r d s  h a v e  a  v i d e o  b a n d w i d t h  o r  b i t  
r a t e  4 t o  5 t i m e s  h i g h e r  t h a n  t h e  c o n v e n t i o n a l  a n a l o g u e  ( R e p o r t  6 2 4 )  a n d  d i g i t a l  
s t a n d a r d s  (R e c o m m e n d a t io n  6 0 1 )  . T h e r e  i s  i n s u f f i c i e n t  r a d i o  s p e c t r u m  t o  p e r m i t  a  
4  t o  5 f o l d  i n c r e a s e  i n  RF b a n d w i d t h  a n d  c o m p r e s s i o n  t e c h n i q u e s  w h ic h  e n a b l e  a n  
HDTV s i g n a l  t o  f i t  i n t o  a  r e l a t i v e l y  n a r r o w e r  b a n d w i d t h  c h a n n e l ,  o f  t h e  o r d e r  o f  
o n c e  o r  t w i c e  t h e  w i d t h  o f  t h o s e  a l r e a d y  p l a n n e d  i n  t h e  12 GHz b a n d s ,  a r e  
r e q u i r e d .

S u b - s a m p l i n g  i s  a  w i d e l y  u s e d  a p p r o a c h  f o r  b a n d w i d t h  r e d u c t i o n  o f  a  
s i g n a l  b y  d i s c a r d i n g  some o f  t h e  i n f o r m a t i o n  p r e s e n t  i n  t h e  o r i g i n a l  s i g n a l  
w i t h o u t  c a u s i n g  s e r i o u s  p i c t u r e  q u a l i t y  d e g r a d a t i o n .  D i a g o n a l  o r  q u in c u n x  s u b ­
s a m p l in g  i n  t h e  t w o - d i m e n s i o n a l  s p a t i a l  d om ain  i s  m o s t  common f o r  t h i s  p u r p o s e .  
T e m p o ra l  d o m a in  s u b - s a m p l i n g  c a n  b e  a p p l i e d  t o  t h e  d i a g o n a l  s u b - s a m p l i n g  when 
f u r t h e r  r e d u c t i o n  o f  b a n d w i d t h  i s  r e q u i r e d  f o r  n a r r o w - b a n d  t r a n s m i s s i o n  
[N in o m iy a ,  e t  a l . ,  1 9 8 7 ;  Long a n d  S t e n g e r ,  1 9 8 6 ] .  T h i s  m e th o d  i s  c a l l e d  m u l t i p l e  
s u b - s a m p l i n g  o r  3D s u b - s a m p l i n g .  L i n e a r  s u b - s a m p l i n g  c a n  b e  u s e d  a s  a  s i m p l e  
way t o  p e r f o r m  t w o - d i m e n s i o n a l  s u b - b a n d  f i l t e r i n g .  A l s o ,  t h e  r e f r e s h  r a t e  o f  
e a c h  s u b - b a n d  c a n  b e  made t o  d i f f e r ,  h e n c e  r e a l i z i n g  a  s i m p l e  v e r s i o n  o f  t h r e e  
d i m e n s i o n a l  s u b - b a n d  c o d i n g  [ T s i n b e r g ,  1 9 8 9 ] .

L i n e - c o l u m n  c o n v e r s i o n  ( f r a m e  o f  f i e l d  s h u f f l i n g )  i s  p r o p o s e d  f o r  t h e  
p u r p o s e  o f  i n c r e a s i n g  t h e  v e r t i c a l  s a m p l in g  r a t e  c o m b in e d  w i t h  s u b - s a m p l i n g  i n  
c a s e  o f  u s i n g  a  r a t h e r  s m a l l  num ber  o f  s c a n n i n g  l i n e s  s u c h  a s  5 2 5 -  o r  6 2 5 - l i n e s  
f o r  t r a n s m i s s i o n  [ S a u e r b u r g e r , 1987 ; I r e d a l e ,  1 9 8 6 ] ,

I t  i s  a l s o  p o s s i b l e  u s i n g  a p p r o p r i a t e  d i g i t a l  f i l t e r s  t o  r e d u c e  t h e  
num ber o f  l i n e s  i n  t h e  t r a n s m i s s i o n  f o r m a t  ( t y p i c a l l y  b y  35% [ N is h iz a w a  an d  
T a n a k a ,  1 9 8 2 ] ) ,  b y  i n t e r f a c e  t o  s e q u e n t i a l  s c a n  c o n v e r s i o n .  The p r i n c i p l e  i s  
b a s e d  u p o n  t h e  f a c t  t h a t  p a r t i c u l a r l y  i n t e r l a c e  s c a n n i n g  d o e s  n o t  p r o v i d e  t h e  
f u l l  q u a l i t y  p o t e n t i a l  w h ic h  c a n  t h e o r e t i c a l l y  b e  a t t r i b u t e d  t o  t h e  r e l e v a n t  
num ber o f  l i n e s  [L ong  a n d  S t e n g e r ,  1 9 8 6 ] .
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M o tio n  a d a p t i v e  c o n t r o l  o f  p r e - a n d  p o s t - f i l t e r i n g  a n d / o r  s a m p l in g  s t r u c t u r e  
c a n  b e  a p p l i e d  f o r  b e t t e r  p i c t u r e  q u a l i t y .  M o t io n  c o m p e n s a t i o n  t e c h n i q u e s  may 
a l s o  b e  n e e d e d  f o r  t h e  t e m p o r a l  i n t e r p o l a t i o n  o f  s u b - s a m p l e d  s i g n a l s  i n  c a s e  o f  
u n i f o r m  m o t io n  s u c h  a s  c a m e r a  p a n n i n g  o r  t i l t i n g  [N in o m iy a ,  e t  a l . ,  1 9 8 7 ] .  The 
e f f e c t i v e n e s s  o f  m o t i o n  c o m p e n s a t i o n  t e c h n i q u e s  c a n  b e  f u r t h e r  e n h a n c e d  u s i n g  
more e x t e n s i v e  d i g i t a l  a s s i s t a n c e  [ S t o r e y ,  1986]  t o  c o n t r o l  t h e  r e c e i v e r .  M o t io n  
d e t e c t i o n  a n d  m e a s u r e m e n t  a r e  p e r f o r m e d  a t  t h e  c o d e r  o n  t h e  u n c o r r u p t e d  s o u r c e  
s i g n a l  and  a  d i g i t a l  m o t i o n  c o n t r o l  s i g n a l  i s  t r a n s m i t t e d  w i t h  t h e  c o m p r e s s e d  
( a n a l o g u e )  v i d e o  s i g n a l  t o  s e l e c t  t h e  d e c o d i n g  mode i n  t h e  r e c e i v e r .  M ost  o f  t h e  
c o m p l e x i t y  i s  now moved t o  t h e  b r o a d c a s t e r ' s  t r a n s m i t t e r  w h ic h  s h o u l d  a s s i s t  
w i t h  m a n u f a c t u r i n g  l o w e r  c o s t  , h i g h e r  p e r f o r m a n c e  r e c e i v e r s .

F o r  a n a l o g u e  t r a n s m i s s i o n ,  f u r t h e r  t e c h n i q u e s  c a n  r e d u c e  t h e  r e q u i r e d  
c h a n n e l  b a n d w id th  b y  a p p l y i n g  a p p r o p r i a t e  p r e - p r o c e s s i n g  t o  t h e  a n a l o g u e  v i d e o  
s i g n a l  b e f o r e  f r e q u e n c y  m o d u l a t i o n .  By a l l o w i n g  w i d e r  FM d e v i a t i o n  f o r  t h e  
u s e f u l  c o m p o n e n ts  o f  t h e  a c t i v e  p a r t  o f  t h e  v i s i o n  s i g n a l ,  i t  h e l p s  t o  r e d u c e  
s i g n a l  s u s c e p t i b i l i t y  t o  n o i s e  a n d  i n t e r f e r e n c e .  The m a in  g o a l  i s  t o  a p p l y  a l l  
p o s s i b l e  m e a s u r e s  b e f o r e  f r e q u e n c y  m o d u l a t i o n  t o  r e d u c e  t h e  d i f f e r e n c e  b e tw e e n  
t h e  p e a k  a n d  t h e  a v e r a g e  pow er  o f  t h e  s i g n a l  a n d  t o  p r o d u c e  a  m ore  s y m m e t r i c a l  
FM s p e c t r u m .  The f o l l o w i n g  m e a s u r e s  c a n  b e  a p p l i e d :

- e l i m i n a t i o n  o f  s y n c h r o n i z a t i o n  p u l s e s ,  c a r r i e r s  a n d  s u b - c a r r i e r s ;

- s u b t r a c t i o n  o f  DC a n d  low  f r e q u e n c y  s i g n a l  c o n t e n t  f ro m  t h e  
a n a l o g u e  s i g n a l  w i t h  i t s  d i g i t a l  e n c o d in g  a n d  t r a n s m i s s i o n  i n  t h e  
d a t a  m u l t i p l e x ;

- t e m p o r a l  p r e - f i l t e r i n g  ( f r a m e  c o m b in g ) ;

- i n s t a n t a n e o u s  n o n - l i n e a r  s i g n a l  c o m p r e s s io n ;

- t im e  d i s p e r s i o n  ( c h i r p  f i l t e r i n g ) ;

- p r e - e m p h a s i s .

As d e s c r i b e d  i n  R e p o r t  1092 f o r  d i g i t a l  HDTV t r a n s m i s s i o n  s y s t e m s ,  
a d d i t i o n a l  c o m p r e s s i o n  t e c h n i q u e s  s u c h  a s  p r e d i c t i v e  c o d i n g  ( i n t r a -  a n d  
i n t e r - f i e l d / f r a m e  DPCM), t r a n s f o r m  c o d i n g  an d  e n t r o p y  c o d i n g  c a n  b e  a p p l i e d ,  a s  
a l r e a d y  w i t h  c o n v e n t i o n a l  d i g i t a l  t e l e v i s i o n  t r a n s m i s s i o n  ( s e e  a l s o  
R e p o r t  1 0 8 9 ) .

The m a in  c h a l l e n g e  l i e s  i n  r e d u c i n g  t h e  n e c e s s a r y  b i t  r a t e  f ro m  a b o u t
1 .2  G b i t / s  ( s t u d i o  s i g n a l )  t o  a  r a t e  s u i t a b l e  f o r  s a t e l l i t e  b r o a d c a s t i n g .  H y b r id  
DCT seem s t o  b e  a  p r o m i s i n g  p r o c e d u r e  among v a r i o u s  t e c h n i q u e s .  A d e q u a te  q u a l i t y  
f o r  b o t h  m ov ing  a n d  s t i l l  p i c t u r e s  h a s  b e e n  r e p o r t e d  a c h i e v a b l e  w i t h  a  b i t  r a t e  
o f  a b o u t  120 M b i t / s  [ K u tk a ,  R. a n d  W a id h a s , W ., 1 9 8 8 ] .  C u r r e n t l y ,  r e a l - t i m e  
c o d e c s  f o r  t h i s  t e c h n i q u e  a r e  u n d e r  d e v e lo p m e n t  i n  v a r i o u s  c o u n t r i e s .  A c o d e c  
u s i n g  i n t e r - f i e l d  DPCM w i t h  a d a p t i v e  q u a n t i z i n g  a n d  4 - b i t  f i x e d  l e n g t h  c o d e s  h a s  
b e e n  d e v e l o p e d  a s  d e s c r i b e d  i n  R e p o r t  1092 .

5 . 4  Sound a n d  d a t a  m u l t i p l e x i n g

Due t o  r e q u i r e m e n t s  o f  q u a l i t y ,  c a p a c i t y  a n d  f l e x i b i l i t y ,  so u n d  a n d  
d a t a  s i g n a l s  s h o u l d  b e  t r a n s m i t t e d  i n  d i g i t a l  f o r m .  I n  c a s e  o f  a n a l o g u e  
t r a n s m i s s i o n  o f  v i s i o n  s i g n a l s ,  e i t h e r  b a s e b a n d  o r  RF TDM o f  d i g i t a l  so u n d  a n d  
d a t a  c a n  b e  u s e d .  The t r a n s m i s s i b l e  b i t  r a t e  i n  t h e  c a s e  o f  RF TDM i s  h i g h e r  
t h a n  t h a t  o f  t h e  b a s e b a n d  TDM. F o r  t h e  s o u n d  s y s t e m  o f  HDTV, m u l t i - c h a n n e l  
s y s t e m s  s u c h  a s  4 - c h a n n e l  ( 3 - c h a n n e l s  f o r  f r o n t  a n d  1 - c h a n n e l  f o r  r e a r )  o r  
5 - c h a n n e l  ( 5 - c h a n n e l  f o r  f r o n t )  s y s t e m s  a s  w e l l  a s  2 - c h a n n e l  ( c o n v e n t i o n a l  
s t e r e o ) ,  h a v e  b e e n  p r o p o s e d .  N e v e r t h e l e s s ,  n o t  a l l  c h a n n e l s  may n e e d  t o  b e
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t r a n s m i t t e d  i f  a  s u i t a b l e  m a t r i x i n g  w e re  u s e d  i n  t h e  r e c e i v e r .  The c u r r e n t l y  
r e q u i r e d  b i t  r a t e s  a r e  i n  t h e  r a n g e  f ro m  1 .3 5  t o  3 . 4  M b i t / s ,  d e p e n d i n g  on  t h e  
c o d i n g  schem e a n d  t h e  e r r o r  p r o t e c t i o n  m e th o d  u s e d .  I n  o r d e r  t o  r e d u c e  t h e  b i t  
r a t e  f o r  s o u n d ,  new c o d i n g  sc h e m e s  h a v e  b e e n  d e v e l o p e d  s u c h  a s  DPCM 
[CCIR, 1 9 8 6 -9 0 d ]  w h i l e  r e t a i n i n g  a  h i g h  s o u n d  q u a l i t y .  E ven  m ore  e f f i c i e n t  

c o d i n g  s c h e m e s  s u c h  a s  s u b - b a n d  c o d i n g  [ T h e i l e ,  e t  a l . ,  1 9 8 7 ]  a r e  b e i n g  
d e v e l o p e d  a n d  c a n  r e d u c e  f u r t h e r  t h e  b i t  r a t e .

Sound  c o d i n g  sch em es  a n d  t h e i r  e v a l u a t i o n  a r e  d i s c u s s e d  i n  R e p o r t  9 5 3 .

A c c o r d i n g  t o  CCIR R e p o r t  9 5 4 -1  a  c e r t a i n  am o u n t  o f  c a p a c i t y  f o r  
a d d i t i o n a l  d a t a  s h o u l d  b e  p r o v i d e d ,  i n c l u d i n g  t h a t  r e q u i r e d  f o r  a n y  d i g i t a l l y  
a s s i s t e d  t e l e v i s i o n  c o n t r o l  s i g n a l s .

5 .5  M o d u l a t i o n  t e c h n i q u e s

N arro w  R F -b a n d  HDTV s i g n a l s  i n t e n d e d  f o r  t h e  o p e r a t i o n  i n  t h e  12 GHz 
b a n d  h a v e  t o  c o m p ly  w i t h  t h e  i n t e r f e r e n c e  c r i t e r i a  on  w h ic h  t h e  r e s p e c t i v e  P l a n s  
a r e  b a s e d .  The s e r v i c e  o b j e c t i v e  f o r  t h e  p i c t u r e  a n d  s o u n d  s h o u l d  b e  m e t .

Wide R F -b a n d  HDTV s i g n a l s  f o r  s a t e l l i t e  b r o a d c a s t i n g  i n  t h e  r a n g e  .
1 2 .7  - 2 3 .0  GHz r e q u i r e  t h e  u s e  o f  s u i t a b l e  m o d u l a t i o n  a n d  c h a n n e l  c o d i n g  
m e th o d s  t o  c o p e  w i t h  t h e  d i f f i c u l t  p r o p a g a t i o n  c h a r a c t e r i s t i c s  e x i s t i n g  
t h r o u g h o u t  t h i s  p a r t  o f  t h e  s p e c t r u m  a n d  w h ic h  g e n e r a l l y  g e t  w o r s e  a t  t h e  h i g h e r  
en d  o f  t h i s  r a n g e .

5 . 5 . 1  FM m o d u l a t i o n

F r e q u e n c y  m o d u l a t i o n  i s  u s u a l l y  u s e d  f o r  t h e  t r a n s m i s s i o n  o f  a n a l o g u e  
BSS s i g n a l s .  The a d v a n t a g e s  o f  FM a r e  i t s  r e l a t i v e  i n s e n s i t i v i t y  t o  n o i s e  a n d  
i n t e r f e r e n c e  c o m p a r e d  w i t h  o t h e r  a n a l o g u e  t r a n s m i s s i o n  m e t h o d s ,  a c h i e v e d  a t  t h e  
e x p e n s e  o f  b a n d w i d t h .  F o r  t e l e v i s i o n  s i g n a l s  t h e  b a n d w i d t h  may b e  e x p r e s s e d  
e m p i r i c a l l y  b y  a  m o d i f i e d  v e r s i o n  o f  C a r s o n ' s  f o r m u l a :

B -  a  AfL + 2 f max 

w h e r e :  B : RF b a n d w i d t h  ( a p p r o x i m a t e )  (MHz)

a  : c o n s t a n t  f o r  a  g i v e n  s y s t e m  w h ic h  d e p e n d s  u p o n  t h e  p r e - e m p h a s i s
u s e d  ( i n  MAC a n d  MUSE s y s t e m s  a  = 1 )  [CCIR, 1 9 8 6 - 9 0 e ]  .

f max : maximum v i d e o  f r e q u e n c y  (MHz)

AfL p e a k - t o - p e a k  f r e q u e n c y  d e v i a t i o n  c a u s e d  b y  t h e  lo w  f r e q u e n c y  
v i s i o n  c o m p o n e n t s  (MHz).
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V id e o  b a n d w id th  (MHz)

FIGURE 1 -  E f f e c t  o f  i n c r e a s i n g  t h e  v i d e o  b a n d w i d t h  on  s i g n a l - t o - n o i s e
r a t i o  f o r  FM t r a n s m i s s i o n  (MAC e x a m p le )

C u rv e  A: w i t h  CCIR u n i f i e d  w e i g h t i n g  n e t w o r k  (CCIR R eco m m en d a t io n  5 6 8 )

C u rv e  B: r e d u c t i o n  o f  S/N u n w e i g h t e d .

I n c r e a s i n g  t h e  b a s e b a n d  w i d t h  i n  a  s y s t e m  t o  p r o v i d e  h i g h e r  d e f i n i t i o n  
p i c t u r e s  h a s  a  s i g n i f i c a n t  e f f e c t  o n  t h e  a v a i l a b l e  v i d e o  s i g n a l - t o - n o i s e  r a t i o ,  
a s  i l l u s t r a t e d  i n  F i g u r e  1 .

T h u s  t h e r e  i s  a  n e e d  t o  i n c r e a s e  t h e  c a r r i e r - t o - n o i s e  r a t i o  w hen t h e  
b a n d w i d t h  o f  t h e  a n a l o g u e  t r a n s m i s s i o n  i s  i n c r e a s e d .

I n  t h e  12 GHz b a n d ,  t h e  f r e q u e n c y  d e v i a t i o n  i s  r e s t r i c t e d  b y  
i n t e r f e r e n c e  c o n s t r a i n t s .  C o n s e q u e n t l y  f o r  t h e  t r a n s m i s s i o n  o f  a n  HDTV s i g n a l  
w i t h  a b o u t  10 MHz b a n d w i d t h ,  t h e  c a r r i e r - t o - n o i s e  r a t i o  s h o u l d  b e  o f  t h e  o r d e r  
o f  1 7 - 2 0  dB.

I n  t h e  c a s e  o f  t h e  20 GHz b a n d ,  t h e  f r e q u e n c y  d e v i a t i o n  c a n  b e  
i n c r e a s e d  t o  c o m p e n s a t e  f o r  n o i s e  i n  t h e  c h a n n e l .  H o w ev e r ,  t h i s  may l e a d  t o  w id e  
c h a n n e l  b a n d w i d t h s ,  h i g h  l e v e l s  o f  i n t e r f e r e n c e  a n d  d i s t o r t i o n .  F o r  e f f i c i e n t  
u s e  o f  t h e  s p e c t r u m  i t  may b e  d e s i r a b l e  t o  s e t  t h e  t a r g e t  c a r r i e r - t o - n o i s e  r a t i o  
a t  a b o u t  17 dB.
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The b a n d w i d t h  a v a i l a b l e  may a l s o  b e  l i m i t e d  b y  i n t e r f e r e n c e  
r e s t r i c t i o n s  i f  t h e  c h a n n e l s  o v e r l a p .  T h e r e  i s  no  r u l e  t o  p r e d i c t  a c c e p t a b l e  
l e v e l s  o f  i n t e r f e r e n c e .  T h u s ,  t h e  r e q u i r e d  c h a n n e l  s p a c i n g  f o r  a  p r o p o s e d  s y s te m  
m u s t  be  d e t e r m i n e d  e x p e r i m e n t a l l y .  .

E x i s t i n g  FM s y s t e m s  em ploy  l i n e a r  f i x e d  e m p h a s i s  c h a r a c t e r i s t i c s .  B u t  
i t  i s  i m p o r t a n t  t o  u s e  m ore s u i t a b l e  e m p h a s i s  c h a r a c t e r i s t i c s  i n  o r d e r  t o  
o b t a i n  a  h i g h  s i g n a l - t o - n o i s e  r a t i o .  N o n - l i n e a r  e m p h a s i s  i s  e f f e c t i v e  f o r  t h i s  
p u r p o s e  [ N in o m iy a ,  e t  a l . ,  1987] a n d  a d a p t i v e  e m p h a s i s  may a l s o  b e  e m p lo y e d  f o r  
t h e  same p u r p o s e .  DC p r e s e r v a t i o n  i s  n e c e s s a r y  t o  u t i l i z e  t h e  g i v e n  RF b a n d w id th  
e f f e c t i v e l y .

T h r e s h o l d  e x t e n s i o n  t e c h n i q u e s  ( e . g . ,  p h a s e - l o c k  l o o p  o r  a d a p t i v e  
f i l t e r )  c a n  o f f e r  up  t o  a p p r o x i m a t e l y  3 dB o f  t h r e s h o l d  e x t e n s i o n ,  w h ic h  w i l l  
d e c r e a s e  t h e  o u t a g e  t im e  due  t o  h e a v y  r a i n  i n  h i g h e r  f r e q u e n c y  b a n d s .

5 . 5 . 2  D i g i t a l  m o d u l a t i o n

T a k in g  i n t o  a c c o u n t  t h e  im p a c t  o f  d i g i t a l  t e c h n o l o g y  on  t h e  b r o a d c a s t  
f i e l d  a n d  on  t h e  c o n su m e r  TV m a r k e t ,  d i g i t a l  m o d u l a t i o n  c o u l d  b e  t h e  m o s t  
a p p r o p r i a t e  t e c h n i q u e  f o r  p r o v i d i n g  f u t u r e  s i n g l e - c h a n n e l  w id e  R F -b a n d  HDTV 
b r o a d c a s t i n g  s e r v i c e s .

S u i t a b l e  m e th o d s  o f  d i g i t a l  m o d u l a t i o n  a r e  4-PSK, 8 -PSK, 1 6 -QAM a n d  
p o s s i b l y  e v e n  64-QAM, w h ic h  g i v e  a  r a n g e  o f  t r a d e - o f f s  b e t w e e n  p o w e r ,  b a n d w i d t h  
r e q u i r e m e n t s  a n d  e a s e  o f  s h a r i n g .  F u r t h e r  s t u d y  o f  t h e i r  p e r f o r m a n c e  t h r o u g h  a  
s a t e l l i t e  c h a n n e l  i s  r e q u i r e d ,  i n c l u d i n g  t h e  u s e  o f  t h e  n o n - l i n e a r  t r a n s p o n d e r  
f o r  n o n - c o n s t a n t  e n v e l o p e  s i g n a l s .

L a b o r a t o r y  i n v e s t i g a t i o n s  o n  a  h a r d w a r e  s a t e l l i t e  s i m u l a t o r  h a v e  b e e n  
c a r r i e d  o u t  i n  I t a l y  [ C o m i n e t t i ,  M o r e l l o  a n d  V i s i n t i n ,  1989]  t o  e v a l u a t e  t h e  
i n f l u e n c e  o f  t h e  p o w er  a m p l i f i e r  (TWTA) n o n - l i n e a r i t i e s  o n  t h e  p e r f o r m a n c e  o f  
t h r e e  d i g i t a l  modems: QPSK, 8 -PSK a n d  1 6 -QAM. F o r  d i f f e r e n t  v a l u e s  o f  t h e  TWTA 
o u t p u t  b a c k - o f f  (OBO), t h e  Eb/N0 r a t i o ,  c o r r e s p o n d i n g  t o  a  BER o f  10“ 5 , h a s  b e e n  
m e a s u r e d ,  The f o l l o w i n g  r e s u l t s ,  c o n f i r m e d  b y  c o m p u te r  s i m u l a t i o n s ,  w e re  
o b t a i n e d :

QPSK c a n  e f f i c i e n t l y  o p e r a t e  c l o s e  t o  s a t u r a t i o n  (OBO -  0 dB, i . e .  w i t h  
maximum TWTA p o w e r ;  Eb/N0 -  12 d B ) . F o r  8 -PSK, t h e  op tim um  p e r f o r m a n c e  w as f o u n d  
w i t h  0 . 5  dB OBO (Eb/N 0 -  1 7 .3  d B ) . 16"QAM show ed h i g h  s e n s i t i v i t y  t o  
n o n " l i n e a r i t i e s  b e c a u s e  o f  i t s  i n h e r e n t  a m p l i t u d e  m o d u l a t i o n  a n d  i t  i s  n e c e s s a r y  
t o  o p e r a t e  w i t h  a b o u t  7 dB OBO (Eb/N 0 -  24 d B ) , g i v i n g  v e r y  lo w  p o w er  
e f f i c i e n c y .

S t u d i e s  [ S h e l s w e l l  a n d  D osch ,  1986] i n d i c a t e  t h a t  a  27 MHz c h a n n e l  
m i g h t  s u p p o r t  a  maximum o f  b e tw e e n  60 a n d  100 M b i t / s  d e p e n d i n g  u p o n  i n t e r f e r e n c e  
e f f e c t s  ^ n d  g i v e n  a  c a r r i e r - t o - n o i s e  r a t i o  o f  20 dB. H ow ever ,  g i v e n  t h e  
e x t r e m e l y  h i g h  c o m p r e s s i o n  n e e d e d  (>  1 0 :1 )  t o  r e d u c e  t h e  d i g i t a l  HDTV s i g n a l  t o  
t h i s  c a p a c i t y ,  i t  i s  u n l i k e l y  t h a t  a n  a l l - d i g i t a l  s y s t e m  c a n  b e  a c h i e v e d  i n  a 
n a r r o w  R F -b a n d  c h a n n e l .

QPSK o r  0-QPSK d i g i t a l  m o d u l a t i o n  a l l o w s  o p e r a t i o n  a t  s i g n i f i c a n t l y  
r e d u c e d  C / I  c o n d i t i o n s  w h ic h  a r e  t y p i c a l l y  10 dB lo w e r  t h a n  f o r  c o n v e n t i o n a l  FM. 
C o - c h a n n e l  o p e r a t i o n  u s i n g  o r t h o g o n a l  p o l a r i z a t i o n  c a n  t h e r e f o r e  b e  e n v i s a g e d
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f o r  t h e  same s e r v i c e  a r e a .  F u r t h e r m o r e ,  ow ing  t o  t h e  low s e n s i t i v i t y  t o  
i n t e r f e r e n c e  fro m  o t h e r  d i g i t a l  s i g n a l s ,  QPSK o r  O-QPSK w o u ld  p r o b a b l y  a l l o w  
m ore s p e c t r u m / o r b i t  e f f i c i e n c y  i n  p l a n n i n g  w i t h o u t  t h e  n e e d  f o r  t a k i n g  i n t o  
a c c o u n t  i n t e r f e r e n c e  from  a d j a c e n t  o r b i t  p o s i t i o n s .

B e c a u se  o f  t h i s  p r o p e r t y  o v e r a l l  s p e c t r u m  e f f i c i e n c y  w i t h  d i g i t a l  
s y s t e m s  f o r  a  g i v e n  b a n d  ( i . e .  t h e  num ber o f  c h a n n e l s  p e r  s e r v i c e  a r e a )  s h o u l d  
a t  l e a s t  b e  e q u a l  t o  t h a t  u s i n g  a n  a n a lo g u e  FM w id e-R F  b a n d  s y s t e m  w h ic h  n e e d s  
o n l y  a b o u t  h a l f  o f  t h e  b a n d w id th  f o r  a n  i n d i v i d u a l  c h a n n e l  b u t  d o e s  n o t  a l l o w  
c o - c h a n n e l  o p e r a t i o n  [ S h e l s w e l l  a n d  D osch ,  1986; CCIR, 1 9 8 6 - 9 0 f ] .

H i g h e r - o r d e r  m o d u l a t i o n  sch em es  l i k e  16-QAM, c h a r a c t e r i z e d  b y  h i g h e r  
s p e c t r a l  e f f i c i e n c y  t h a n  QPSK, r e q u i r e  n o t  o n l y  h i g h e r  C/N v a l u e s  b u t  a l s o  
h i g h e r  p r o t e c t i o n  r a t i o s ,  p r e c l u d i n g  c o - c h a n n e l  o p e r a t i o n  u s i n g  o r t h o g o n a l  
p o l a r i z a t i o n .

F o r  a  d i g i t a l  s y s t e m ,  t h e  o v e r a l l  HDTV s e r v i c e  q u a l i t y  j o i n t l y  d e p e n d s  
on  t h e  p e r f o r m a n c e  o f  t h e  p i c t u r e  c o d i n g  a l g o r i t h m  a n d  on  t h e  a v a i l a b l e  m a r g in  
a g a i n s t  n o i s e  a n d  i n t e r f e r e n c e ,  a l l o w e d  b y  t h e  R F - c h a n n e l  p e r f o r m a n c e .  The 
s y s t e m  o p t i m i z a t i o n  t h e n  r e q u i r e s  a  t r a d e - o f f  i n  t h e  b i t - r a t e  a l l o c a t i o n  b e tw e e n  
" s o u r c e  v i d e o  c o d in g "  a n d  " m o d u l a t i o n  a n d  c h a n n e l  c o d in g "  t o  a c h i e v e  t h e  h i g h e s t  
p i c t u r e  q u a l i t y  w i t h  minimum o u t a g e  t i m e s .

S t u d i e s  f o r  d i g i t a l  HDTV b r o a d c a s t i n g  a r e  b a s e d  on  t h e  i n c l u s i o n  o f  
s u i t a b l e  f o r w a r d  e r r o r - c o r r e c t i o n  a n d / o r  t r e l l i s  m o d u l a t i o n  t o  e n s u r e  p e r f e c t  
p i c t u r e  q u a l i t y  f o r  m o s t  o f  t h e  t im e  a n d  u s e a b l e  p i c t u r e  q u a l i t y  up t o  a 
b i t - e r r o r  r a t i o  o f  10“ 3 .

6. Examples of HDTV transmission formats and their RF bandwidth
requirements

Tables V(a) and V(b) give examples o f  HDTV transmission formats. The th ree  examples 
(Table V(a)) a re  fo r  transmission in the planned 12 GHz bands provided that the 
appropriate protection ratio requirements are shown to be met. These kinds of 
systems require extensive signal processing in order to allow the HDTV signal to 
fit into a single 24/27 MHz channel. However, for these systems the resolution 
in moving areas of the picture will be approximately one-half of the resolution 
for static pictures. In order to be free from these limitations it will b e  
necessary to increase the video baseband bandwidth and consequently the RF 
bandwidth.

Other systems which can be carried in one 24/27 MHz channel have been 
partially demonstrated and others are still at various stages of development
[CCIR, 1 9 8 6 -9 0 g ;  G le n n ,  1987; I r e d a l e ,  1 9 8 6 ] ,

The four exanples in  Table V(b) require a wider bandwidth which could possibly 
be accommodated in the 23 GHz band (in Regions 2 and 3) or in a suitable new 
world-wide frequency band yet to be allocated.

The f i r s t  and second columns (Table V(b) show the possibilities for various 
analogue systems (including MAC/packet compatible systems) Intended to give good 
quality but their bandwidth requirements are such that they could only 
be implemented in a frequency band not subject to the planning 
constraints of the 12 GHz band. A band in the 20 GHz range suitable for 
wide RF bandwidth systems is therefore suggested.
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P ic tu re  ra t*  (Hz)

A ctive L in e s /p ic tu re

Bacic tamp Lins 
frequency (MHz)

A ctive s a m p le s / l in e :^ 5 
luminance 
co lour d if fe re n e a

Typa o f  coding

Parameter
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TABLE V (a ;

C h a r a c t e r i s t i c s  o f  exam p le  n a r r o w  R F -b a n d  
HDTV s a t e l l i t e  b r o a d c a s t i n g  s y s t e m s
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S y s te m  N l (MUSE) 

16:9 

30

1032
¥:45.55
C:14.85

1122
376

analogue

S y s te m  N2 (HD-MAC)

16:9 
23 (1)

1122 

24 .

1440
720

analogua

16:9/4:3

59.94
720

75.6

1360
340

analogue and 
d i g i t a l

System N3(c)

Compression method m o tion -adap tive  
sub-sam pling 
m otion- 
caap en sa tio n

m otion -adap tiva  
sub-sam pling 
w ith  motion 
compansation

ad ap tiv e  
sub-band coding

Maximum luminan 
and width (MHz)« )

Maximum co lour d if fe re n c e  
bandwidth (MHz)'2 '

Luminanca sub-samp Lins 
(h o riz o n ta l)

Colour d if fa ra n c a  
sub-sampLins (h o r iz o n ta l)

Colour d i f fa ra n e a  
■Sub-sampling ( v a r t l c a l )

Luminanca comprasaion

Colour d if fa ra n c a  
com pratsion

T ransm ittad  base 
bandwidth (MHz)'3)

D ig i ta l  a s s is ta n c e  
(M bit/s)

22

7

3:1

4:1

2:1

12:11

48:11

8. 1

21

10.2

2:1

2:1

2:1

3:2

3 :1

10.122

1-2

28.9

9 .6

8:1

6 .0

Codad vidao 
b i t  r a ta  (M 3 it/s )

D ig i ta l  sound/data  
m u ltip lax  (M bit/s)

Sound s i s n a l  
bandwidth (kHz)

Samplins frequency 
(kHz)

Humbar o f sound ehannals

C odins/m odulation 
mathod

Companding law

D ig i ta l  tima 
eomprassion

E rro r p ro ta e tio n  
coding

Symbol r a ta  (Mbaud)

In stan tan eo u s 
b i t  r a ta  (M b it/s )

Type o f 
m odulation
and d ev ia tio n ,A  (MHz)

R equired RF 
bandwidth(MHz)

1 .33

20/12

48/32

2/4

DPCM/ te rn a ry

1 3 -to -8  
(8 ran g es) 
/ 1 6 - t o - l l  
(6 ran g es)

1 3 .3 :1

in c lu d ed  above 

12.12 Ternary

FM

10.2

27/24

1.5  o r 3

15

32

2/4 o r 4 /8

PCM/duobinary

L in ear 14/
14-10 MICAM

6 . 8:1

included  above

j S : 2 H . « . »
FM

9.55

27

90

15

32
3

To be specified  
To be specified

12 .5 :1

To be specified  
11.2

22 .4

FM 

To be specified  

27/24
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Aspect r a t i o  
P ic tu re  r a ta  (Hz) 

A ctiva  l in e a /p ic tu z e

Parameter

B asle sam pling 
frequency (MHz)

A ctiva  sa m p le s /l in e : 
luminanca 
co lo u r d if fa ra n c a

Type o f  coding

Compression method

Maximum lum inance, 
and w idth (MHz)U3

.(*)

Maximum co lo u r 
bandwidth (MHz

Luminanca sub-sam pling 
(h o r iz o n ta l)

C olour d i f fa ra n c a  '* 
sub-sam pling ( h o r iz o n ta l ) '

C olour d if fa ra n e a  
•Sub-sampling ( v e r t i c a l )

Luminanca com pression

C olour d if f a r a n c a  
com pression

T ransm itted  base 
bandwidth (MBz)(3}

D ig i ta l  a s s is ta n c e  
(M b it/s )

Codad v ideo 
b i t  r a ta  (M b it/s )

D ig i ta l  sou n d /d a ta  
m u ltip le x  (M b it/s )

Sound s ig n a l  
bandwidth (kHz)

Sampling frequency 
(kHz)

Number o f  sound channels

C oding/m odulation 
me thod

Rep. 1075-1 

TABLE V (b)

C h a r a c t e r i s t i c s  o f  ex am p le  w id e  R F -b an d  
HDTV s a t e l l i t e  b r o a d c a s t i n g  s y s te m s

Companding law

S y s t e m  W1 

16:9

25(1)
1X32

34 or 72

1440 o r 1920 
720 o r 960

anaiogua p o ss ib ly  
w ith  d i g i t a l  
a s s is ta n c e  (DATV)

m otion-adap tiva  
sub-sam pling 
p o ss ib ly  w ith 
m otion- 
eompansation

21 o r 24

10.3 or 12

2:1

2:1

2?1

3 :2

3 :1

18

up to  8

1 to  4

> 15

> 32

> 2/4

to  be sp ec if ied

L in ear 14/14-10 
NXCAM o r to  be 
sp e c if ie d

System W2
16:9

30

1033

Y:59.4
C:29.7

1536
768

analogue

m o tion -adap tiva  
sub-sam pling

27

13.5

2:1

4:1

2:1

25:22

50:11

16.875

2.7

20/15

48/32

4

DPCM/PCM 

16-12/16

System V3
16:9

25( 1 >
1152

72

1920
960

d i g i t a l

sub-sam pling 
and adap tive- 
p re d ic tiv e  
transform  variak 
len g th  coding

21-24

10.3-12

3:2

3:1

2:1

8:3<7 >

8 : 2 <7 >

included  in  video 
b i t  r a t s

127-147

2 .3

To be sp ec if ied

To bo sp ec ified  

To"be sp ec if ied

To be sp ec ified

To be sp ec ified

D ig i ta l  tim a 
com pression

E rro r  p ro ta c tio n
coding ( M b i t / s )
Symbol r a ta  (Mbaud)

In stan tan eo u s 
b i t  r a ta  (M b it/s )

Type o f 
m odulation
and d e v ia t io n .^  (J-fflz)

Required RF 
bandwidth(MHx)

6 .6  o r  6:1 

Included abova

FM or FM ♦ 4 
FSX fam ily

9 .55  to  18 

43-54

13.5 :1

included  above

24.3 te rn a ry

FM

12-21

43-54

10.5

140-160

D ig ita l
(a ) 4FSK
(b) 8FSK
(c) 16QAM

(a) M S -lag i* ’
(b) 70-80
(c) 5Z.3-oO

16:9
30
1035

Y:74.25 
C :37.125

1920
960
digital

ad ap tiv e  p re d ic tiv e  
DCT, b lock v a r ia b le  
leng th  coding

30

15

none
none

none
8 :1 .33

8 :0 .67

System W4

12

3.072

20

48

4

PCM

none

about 12 

135

Digital H g
(c)16-QAM

U) Si
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N o te s  t o  T a b l e s  VCa) a n d  V (b)

(1 )  D i s p l a y  i n  a n  HDTV r e c e i v e r  w o u ld  n o r m a l l y  b e  a f t e r  s u i t a b l e  u p -
c o n v e r s i o n ,  f o r  ex am p le  1 2 5 0 / 1 0 0 / 2 : 1  ( l i n e s / f i e l d  r a t e / i n t e r l a c e ) .

(2 )  Some l o s s  o f  r e s o l u t i o n  w i l l  o c c u r  i n  m ov ing  a r e a s  o f  t h e  p i c t u r e ,
r e l a t e d  t o  t h e  n a t u r e  a n d / o r  s p e e d  o f  m o t io n .  T h i s  w i l l  b e  much l e s s  
f o r  w id e b a n d  s y s t e m s .

(3 )  -6  dB p o i n t  f o r  o v e r a l l  t r a n s m i s s i o n  p a t h .

(4 )  S o u rc e  f o r m a t .

(5 )  D u r in g  d i g i t a l  t r a n s m i s s i o n  p e r i o d s .

(6 )  C o m p a t ib le  w i t h  M AC/Packet f a m i l y  o f  CCIR R e p o r t  1073 .

(7 )  R e d u c t i o n  i n  mean q u a n t i z a t i o n  a c c u r a c y ,  b i t s / s a m p l e .

(8 )  S h a p in g  f a c t o r  1 . 5 .

6 . 1  N arrow  R F -b a n d  s y s te m s

6 . 1 . 1  S v s tem  Nl (MUSE)

System  N1 i s  th e  MUSE system  developed  in  Japan fo r  HDTV b ro a d ca stin g
u s in g  a s in g le  p lanned channel [N in o m y ia ,  et al., 1987 ; CCIR, 1 9 8 6 - 9 0 h ] ,

The baseband s ig n a l  bandwidth i s  8 .1  MHz. I t  u ses  4 :1  d o t - in te r la c e d  
sub-sam p ling  which employs i n t e r - f i e l d  and in ter -fra m e o f f s e t s .

. Properties o f the human visual system are e ffe c tiv e ly  taken
into the design. The technique of motion compensation' i s  applied for  
the purpose o f improving the e ffe c t  of sub-sampling, in  the case o f  
uniform movement in  the picture. Non-linear emphasis i s  applied to
improve emphasis gain. Quasi-constant luminance processing i s  applied
to reduce impairment caused by noise in  the transmission p ath .
A d e t a i l e d  technical description is given in Annex II.

D i g i t a l  t r a n s m is s io n  o f  th e  MUSE s ig n a l  (S y stem  N l)  i s  p o s s i b l e .  For 
t h i s  p u r p o s e , a DPCM sy ste m  h a s  b e e n  d e v e lo p e d  w ith  th e  t o t a l  b i t  r a t e  from  
64 t o  100 M b it /s  [CCIR, 1 9 8 6 - 9 0 j ] .

6 . 1 . 2  S v s tem  N2 (HD-MACI'

System*M2 is the HDMAC system currently being developed in Europe for 
use in the 12 GHz planned band [CCIR, 1986-90k, 1, m a n d  n ] .

This system has been designed to be compatible with the MAC/packet 
family of standards (see Report 1073 and the CCIR Special Publication: 
Transmission Systems for the BSS) and employs spectrum folding, sub­
sampling and motion adaption to preserve the resolution of both static and 
tracket motion for high definition reception. After adaptive sub-sampling 
and filtering a 625-line MAC compatible signal is obtained for 
transmission. Adaptive filtering and display up-conversion are applied in 
the high definition receiver, using motion detection and vector measurement 
derived from the codes. Motion-adaptive control data is signalled to the 
receiver using DATV (digitally-assisted television) techniques [Storey,
1986). .

Further details are given in Annex III.
I n  a d d i t i o n ,  d i g i t a l  t r a n s m i s s i o n  o f  t h e  HD-MAC s i g n a l  (S y s te m  N2) a t  

140 M b i t / s  h a s  b e e n  d e m o n s t r a t e d  a t  IFA, B e r l i n  i n  1989 [CCIR, 1 9 8 6 - 9 0 o ] .
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6 . 1 . 3  S vs tem  N3 ( N o r th  A m e r ic a n  s y s t e m s )

The t h r e e  s y s t e m s  d e s c r i b e d  i n  t h i s  s e c t i o n  a r e  a t  v a r i o u s  s t a g e s  o f  
d e v e lo p m e n t  i n  N o r th  A m erica  f o r  s a t e l l i t e  e m i s s i o n  i n  a n  NTSC (S y s te m  M) 
e n v i r o n m e n t .

6 . 1 . 3 . 1  S v s tem  N3(a^) (HDS-NA) •

The HDS-NA s y s t e m  (H ig h  D e f i n i t i o n  S y s tem  - N o r th  A m e r ic a )  a c c e p t s  
e i t h e r  a  5 2 5 - l i n e  p r o g r e s s i v e  s c a n  o r  a  1 0 5 0 - l i n e  i n t e r l a c e  i n p u t  s i g n a l .  W ith  
t h e  f o r m e r  i n p u t ,  i t  p r o v i d e s  a  lu m in a n c e  h o r i z o n t a l  r e s o l u t i o n  o f  500 l i n e s  p e r  
p i c t u r e  h e i g h t  ( l i n e s / p h )  w i t h  480 a c t i v e  l i n e s  d e l i v e r e d  a t  a  5 9 .9 4  Hz r e f r e s h  
r a t e .  When a  1 0 5 0 - l i n e  i n t e r l a c e d  s o u r c e  i s  u s e d ,  t h e  v e r t i c a l  r e s o l u t i o n  i s  
n o m i n a l l y  680 l i n e s .  T h i s  s y s t e m  a l s o  p r o v i d e s  f o u r  a u d i o  c h a n n e l s  a n d  
c o n d i t i o n a l - a c c e s s  i n f o r m a t i o n .  S a t e l l i t e  t e s t i n g  w i l l  b e g i n  i n  1 989 .  A more 
d e t a i l e d  d e s c r i p t i o n  o f  t h i s  s y s t e m  i s  g i v e n  i n  Annex IV, s e c t i o n  1 .

6 . 1 . 3 . 2  S v s tem  N 3(b)  (HDB-MAC) •

The HDB-MAC (H ig h  D e f i n i t i o n  B-MAC) s y s t e m  i s  a n  o u t g r o w t h  o f  t h e  B-MAC 
s y s t e m  w h ic h  i s  d e s c r i b e d  i n  t h e  CCIR s p e c i a l  p u b l i c a t i o n  " S p e c i f i c a t i o n s  o f  
t r a n s m i s s i o n  s y s t e m s  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e " . T h e  HDB-MAC s y s te m  
e m p lo y s  a  5 2 5 - l i n e ,  2 : 1  i n t e r l a c e d  t r a n s m i s s i o n ,  a l l o w i n g  s i m p l e  c o n v e r s i o n  t o  
NTSC f o r  non-HDTV v i e w i n g .  The s y s te m  em p lo y s  s u b - N y q u i s t  s p e c t r u m  f o l d i n g  t o  
t r a d e  d i a g o n a l  r e s o l u t i o n  f o r  i n c r e a s e d  h o r i z o n t a l  r e s o l u t i o n .  T h i s  s y s t e m  
a l l o w s  f o r  d u a l  a s p e c t - r a t i o  t r a n s m i s s i o n  ( 1 6 : 9  o r  4 : 3 ) .  The s y s t e m  p r o v i d e s  
s i x  d i g i t a l  a u d i o  c h a n n e l s ,  a  63 k b i t / s  u t i l i t y  d a t a  c h a n n e l ,  up  t o  600 row s p e r  
s e c o n d  o f  t e x t  d a t a  a n d  a  c o n d i t i o n a l  a c c e s s  d a t a  c h a n n e l .  A m ore  d e t a i l e d  
d e s c r i p t i o n  i s  g i v e n  i n  Annex IV , s e c t i o n  2 .

6 . 1 . 3 . 3  S v s tem  N 3 (c )  (SC-HDTV)

The SC-HDTV ( S p e c t r u m  C o m p a t ib le  HDTV) s y s t e m  i s  t h e  t h i r d  s y s t e m  b e i n g  
d e v e l o p e d  i n  N o r th  A m e r ic a .  I t  i s  a  p r o g r e s s i v e l y  s c a n n e d  5 9 .9 4  Hz s y s t e m  
e m p lo y in g  s u b - b a n d  v i d e o  e n c o d i n g  a n d  f i v e  t r a n s m i s s i o n  p r o c e s s i n g  s t e p s  t o  
p r o v i d e  t h e  r e q u i r e d  e n h a n c e d  s i g n a l - t o - n o i s e  p e r f o r m a n c e  w i t h i n  a  c o n v e n t i o n a l  
b a s e b a n d  o f  6 MHz b a n d w i d t h .  FM s a t e l l i t e  t r a n s m i s s i o n  e f f i c i e n c y  i s  im p ro v e d  by  
a l l o w i n g  i n c r e a s e d  FM d e v i a t i o n  f o r  t h e  m o s t  i m p o r t a n t  c o m p o n e n ts  i n  t h e  v i d e o  
s i g n a l  a n d  b y  i n c r e a s i n g  t h e  sym m etry  o f  t h e  m o d u la t e d  FM s p e c t r u m .  A more 
d e t a i l e d  d e s c r i p t i o n  o f  t h i s  s y s t e m  i s  g i v e n  i n  Annex IV, s e c t i o n  3 .

6 . 2  Wide R F -b an d  s y s t e m s

6 . 2 . 1  S v s tem  W1

. SystenL W1 iM proposed u  a development of HD-MAC for a wideband RF 
channel of up to twice the bandwidth of the existing planned channels. It would • 
provide improved high-definition quality, possibly with a simplified receiver. 
There are two options, one based on 54 MHz sampling [Sauerburger, 1987] which 
would be compatible with System 2 HD-MAC receivers and one based on 72 MHz 
sampling [Storey? 1986] which would provide higher performance with much greater 
use of DATV, but is not completely compatible.
6 . 2 . 2  S v s tem  W2

S y s te m  W2 i s  a  n o n - c o m p a t i b l e  60 Hz b a s e d  s y s t e m  u s i n g  2 - f i e l d  o f f s e t
s u b - s a m p l i n g .  T h i s  s y s t e m  o f f e r s  h i g h e r  s p a t i a l  r e s o l u t i o n  b o t h  f o r  s t a t i c  a n d  
m ov in g  a r e a s ,  c o m p a re d  t o  MUSE. The r e q u i r e d  RF b a n d w id th  i s  b e tw e e n  45 a n d  
54 MHz.
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6 . 2 . 3  S y s te m  W3

S y s te m  W3 i s  a n  a l l - d i g i t a l  e x a m p le  w h ic h  i s  n o t  c o m p a t i b l e  w i t h  
M A C /p ack e t  r e c e i v e r s ,  b u t  r e t a i n s  c o m p a t i b i l i t y  a t  s o u r c e  w i t h  t h e  CCIR 
R e c o m m e n d a t io n  601 6 2 5 - l i n e  s t a n d a r d .  U s i n g  4-PSK m o d u l a t i o n ,  t h e  r e q u i r e d  
b a n d w i d t h  c o u l d  b e  a s  h i g h  a s  120 MHz, b u t  i f  16 QAM w e r e  u s e d  a  RF b a n d w id th  
b e t w e e n  50 a n d  60 MHz i s  p o s s i b l e .

I f  t h e  e x p e c t e d  p r o g r e s s  on  b i t - r a t e  r e d u c t i o n  t e c h n i q u e s  a l l o w s ,  
w i t h o u t  q u a l i t y  d e g r a d a t i o n ,  a  f u r t h e r  r e d u c t i o n  i n  t h e  v i d e o  b i t  r a t e  a s su m e d  
i n  S y s te m  N3 ( T a b le  V ( b ) ) ,  more p o w e r f u l  c h a n n e l  c o d i n g  a n d  m o d u l a t i o n  
t e c h n i q u e s  may b e  a d o p t e d  t o  i n c r e a s e  t h e  m a r g in  a g a i n s t  n o i s e  a n d  i n t e r f e r e n c e  
a n d  t o  r e d u c e  t h e  s a t e l l i t e  pow er  a n d  o u t a g e  t i m e s .

S t u d i e s  c a r r i e d  o u t  i n  I t a l y  [ C o m i n e t t i , M o r e l l o  a n d  V i s i n t i n ,  1989] 
show t h a t  a n  HDTV s y s t e m  b a s e d  on H y b r id  DCT p i c t u r e  c o d i n g  ( a t  a b o u t  
100 M b i t / s )  a n d  u s i n g  140 M b i t / s  QPSK m o d u l a t i o n ,  w i t h  r a t e  3 / 4  c o n v o l u t i o n a l  
c o d i n g  a n d  s o f t  d e c i s i o n  V i t e r b i  d e c o d i n g ,  w o u ld  a l l o w  a  c o d i n g  g a i n  i n  t h e  C/N 
r a t i o  o f  a b o u t  5 .2  dB w i t h  r e s p e c t  t o  S y s tem  W3. The r e q u i r e d  RF b a n d w i d t h  i s  
105 MHz, a s  f o r  S y s te m  W3.

6 . 2 . 4  S v s te m  W4

S y s te m  W4 i s  a n  a l l - d i g i t a l  ex am p le  b a s e d  on  t h e  c o m b i n a t i o n  o f  
p r e d i c t i v e  c o d i n g  a n d  DCT f o r  e m i s s i o n  o f  1 1 2 5 /6 0  s t u d i o  s i g n a l s .  The t o t a l  b i t  
r a t e  o f  t h i s  s y s t e m  i s  135 M b i t / s .  U s in g  4-PSK o r  8 -PSK m o d u l a t i o n ,  t h e  r e q u i r e d  
RF b a n d w i d t h s  a r e  81 MHz o r  54 MHz, r e s p e c t i v e l y .  H ow ever ,  RF b a n d w i d t h  o f  a b o u t  
40 MHz i s  p o s s i b l e  u s i n g  1 6 -QAM. T h i s  s y s te m  c a n  b e  a p p l i e d  f o r  t r a n s m i s s i o n  
u s i n g  t h e  H  ̂ l e v e l  o f  t h e  B-ISDN.

6 .3  Downward c o m p a t i b i l i t y

F o l l o w i n g  t h e  d e f i n i t i o n  o f  downward c o m p a t i b i l i t y  g i v e n  i n  
s e c t i o n  5 . 1 ,  s e v e r a l  a p p r o a c h e s  a r e  p o s s i b l e .

One a p p r o a c h  f o r  c o m p a t i b i l i t y  b e tw e e n  c o n v e n t i o n a l  t e l e v i s i o n  a n d  
h i g h - d e f i n i t i o n  t e l e v i s i o n  i s  t w o - c h a n n e l  t r a n s m i s s i o n  s y s t e m s  [CCIR, 1 9 8 2 - 8 6 a ;  
S a u e r b u r g e r  a n d  S t e n g e r ,  1 9 8 4 ] .  A l l  s i g n a l s  n e c e s s a r y  f o r  r e c e i v i n g  b y  
c o n v e n t i o n a l  r e c e i v e r s  a r e  c a r r i e d  b y  one o f  t h e  two c h a n n e l s .  The o t h e r  c h a n n e l
c a r r i e s  t h e  a d d i t i o n a l  i n f o r m a t i o n  t o  p e r m i t  r e c o n s t r u c t i o n  o f  t h e  HDTV p i c t u r e .
H ow ever ,  t h e r e  i s  now much i n t e r e s t  i n  t h e  d e v e lo p m e n t  o f  HDTV f o r m a t s  w h ic h  c a n  
b e  c a r r i e d  i n  a  s i n g l e  c h a n n e l .

I n  N o r th  A m e r ic a  t h r e e  s y s t e m s  a r e  u n d e r  c o n s i d e r a t i o n  f o r  s a t e l l i t e  
e m i s s i o n  f o r m a t s .  T hey  a r e  b a s e d  on  a  w id e  r a n g e  o f  t e c h n i q u e s  f o r  i n c r e a s i n g
r e s o l u t i o n  f o r  a  g i v e n  c h a n n e l  b a n d w i d t h .  Two o f  t h e s e  p r o p o s e d  s y s t e m s  h a v e
v e r s i o n s  s u i t a b l e  f o r  t e r r e s t r i a l  a n d  s a t e l l i t e  e m i s s i o n s  a n d  one  s y s t e m  i s  
i n t e n d e d  e x c l u s i v e l y  f o r  s a t e l l i t e  e m i s s i o n .  T h e se  s y s t e m s  h a v e  v a r y i n g  d e g r e e s  
o f  c o m p a t i b i l i t y  w i t h  e x i s t i n g  NTSC r e c e i v e r s .  Two a r e  o f  t h e  MAC t y p e  w h ic h  
r e s u l t  i n  a  r e l a t i v e l y  s i m p l e  c o n v e r t e r  f o r  t h e  p i c t u r e  i n f o r m a t i o n  a l t h o u g h  t h e  
a c c o m p a n y in g  d i g i t a l  a u d i o  h a s  t o  b e  e x t r a c t e d  f ro m  t h e  d a t a  m u l t i p l e x .  The 
t h i r d  s y s t e m  w h ic h  r e l i e s  on  v i d e o  s u b - b a n d  e n c o d in g  was n o t  i n t e n d e d  t o  p r o v i d e  
f o r  a  c o m p a t i b l e  NTSC s i g n a l  a n d  w i l l  r e q u i r e  a  m ore  c o m p le x  c o n v e r t e r  f o r  NTSC 
d i s p l a y .  N e v e r t h e l e s s ,  i n  a l l  c a s e s  t h e  f i e l d  r a t e  i s  t h e  same a s  f o r  NTSC a n d  a 
s i m p l e  r e l a t i o n s h i p  was p r e s e r v e d  b e tw e e n  t h e  l i n e  r a t e s  o f  t h e s e  t h r e e  e m i s s i o n  
s y s t e m s  a n d  t h e  l i n e  r a t e  o f  NTSC. T h i s  w i l l  a l l o w  f o r  a  much s i m p l e r  c o n v e r s i o n  
t o  NTSC.
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In Europe, active studies are under way concerning HDTV systems which can be 
received compatibly by MAC/Packet receivers, with the normal quality of the latter 
signals. If the high-definition television signal possessed characteristics at the 
low frequencies of the spectrum identical to those of the existing MAC signals as 
in two of the examples of Table V compatibility between the two types of service 
will be possible.

[CCIR, 1 9 8 6 -9 0 p ]  indicates that the choice in the European Community is for
a ? ?itjem which is compatible with the MAC/packet family of transmission standards.
Compatibility with the European DBS emission standard is considered vital for the 
commercial introduction of high definition television programmes, allowing 
consumers to see HDTV broadcasts on their c o n v e n t i o n a l  DBS sets and to make a 
choice of when to upgrade to HDTV. MAC/packet compatible HDTV (HD-MAC) was
d e m o n s t r a t e d  a t  IBC B r i g h t o n ,  i n  1988 , a n d  w i t h  f u r t h e r  u s e  o f  
d i g i t a l  a s s i s t a n c e  t e c h n i q u e s  a t  IFA, B e r l i n ,  i n  1 989 .  E x p e r t s  i n
E u ro p e  a r e  c o n f i d e n t  t h a t  c o m p a t i b l e  HDTV c a n  a t  l e a s t  m a tc h  t h e
q u a l i t y  o f  n o n - c o m p a t i b l e  s y s t e m s  u s i n g  s i m i l a r  b a n d w id th  t r a n s m i s s i o n *

' With the development of consumer equipment to.this HD-MAC standard,
probably with displays operating at 100 Hz , the options for viewing
DBS programmes will range from 4:3 PAL/SECAM and MAC to 16:9 MAC and HD-MAC.

The EBU [CCIR, 1 9 8 6 -9 0 q ]  would support the HD-MAC system as described in 
Section 6.2.1 provided that it achieves an acceptable balance between HDTV and 
compatible MAC picture quality, provides full service continuity for data 
services, provides compatibility with the WARC-77 Plan and provides compatibility 
with MAC/packet receivers.

Although the MUSE system is not compatible with conventional TV systems, a 
MUSE to 525-line standards converter, intended for use with consumer receivers was 
developed and demonstrated. This is of small size (made up of four 20 cm by 30 cm 
circuit boards). The resultant 525-line picture converted with this converter has, 
on average, higher quality than the normal picture originated with NTSC standard, 
although it has some flicker at the edge, with less interference than that caused
by the NTSC cross-colour. It has a simple circuit construction and it will be made
available at a lower price by using LSI technology. The development of this MUSE 
to 525-line standards converter gave some prospect to HDTV broadcasting in the 
1125-line systems which can be received utilizing conventional 525-line receivers.

7. Receiving equipment
7.1 Figure of merit

The figure of meric of the receiving equipment depends on the
antenna gain and noise figure of the receiver, and it is calculated by
the definition of usable figure of merit given in Annex I to Report 473, 
neglecting, however, the pointing loss, polarization effects and '
ageing.

There is a compromise to resolve the problems of using higher 
frequencies: if the antenna diameter is maintained constant, there is a 
rapid increase in the pointing accuracy needed. Whilst, if it is reduced 
in proportion to the wavelength, there is a severe reduction in antenna 
aperture. The choices given in Table VI are considered as possible 
examples for the satellite broadcasting system.
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TABLE VI -  E x am p les  f o r  a n te n n a  c h a r a c t e r i s t i c s

F re q u e n c y  (GHz)
D ia m e te r  (in)
H a l f  power beam w id th  ( d e g . )  
G a in  (dB) ( n = 65%)

12 23 42
0 .9 0 . 9 0 .5
1 .9 1 .0 1 .0
3 9 .2 4 4 .6 4 4 .2

The m o s t  commonly a c c e p t e d  r e c e i v e r  n o i s e  f i g u r e  i n  t h e  12 GHz b a n d  i s  
b e tw e e n  1 .3  a n d  4 dB. The f i g u r e - o f - m e r i t  b a s e d  on  a  4 dB f i g u r e  may b e  r a t h e r  
c o n s e r v a t i v e  a n d  1 .8  dB w o u ld  b e  more a p p r o p r i a t e  ( s e e  R e p o r t  4 7 3 - 4  (MOD F ) ) .

A l a r g e  num ber  o f  l o w - n o i s e  a m p l i f i c a t i o n  e l e m e n t s  w h ic h  c a n  b e  a p p l i e d  
f o r  t h e  20 GHz r a n g e  a r e  b e i n g  d e v e l o p e d ,  w i t h  s p e c i a l  i n t e r e s t  i n  t h e  HEMT 
( h i g h  e l e c t r o n  m o b i l i t y  t r a n s i s t o r ) .  A t  20 GHz u s i n g  HEMTs, a  s i n g l e - e l e m e n t  
n o i s e  f i g u r e  (NF) o f  1 dB a n d  a m p l i f i e r  NF o f  2 dB h a v e  b e e n  a c h i e v e d  [ S h i b a t a  
e t  a l .  1 9 8 6 ] .  A GaAs FET, o n  t h e  o t h e r  h a n d ,  h a s  y i e l d e d  a t  t h e  same f r e q u e n c y  a 
s i n g l e  e l e m e n t  NF o f  2 dB a n d  a m p l i f i e r  NF o f  3 dB [H anda e t  a l .  1986] . A 
summary o f  t h e  s i t u a t i o n  i s  g i v e n  i n  F i g u r e  2 .  The f i g u r e  shows t h a t  t h e  c u r r e n t  
s t a t u s  o f  t h e  n o i s e  f i g u r e  i s  h dB f o r  t h e  20 GHz r a n g e  a n d  7 dB f o r  42 GHz.

HJ*. (d«)

Curve A: C urrent p roduction

Curve B:Besc la b o ra to ry  f ig u re s

•  : Typical estim ated  value 
A : Reported from la b o ra to r ie s  
T : Report 473 range

Fraoucncy ( OKU )

FIGURE 2 -  R e c e i v e r  n o i s e  f i g u r e  p e r f o r m a n c e  a s  a  f u n c t i o n  o f  f r e q u e n c y

I t  i s  n o t e d  t h a t  t h e  e f f e c t  o f  t h e  n o i s e  i n c r e a s e  d u e  t o  r a i n  
a t t e n u a t i o n  s h o u l d  n o t  b e  n e g l e c t e d  f o r  c a l c u l a t i o n  o f  t h e  f i g u r e  o f  m e r i t  
( s e e  R e p o r t  4 7 3 ) .
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R e s u l t s  o f  f i g u r e  o f  m e r i t  c a l c u l a t i o n s  b a s e d  on  t h e  a b o v e  c o n d i t i o n s  
a r e  g i v e n  i n  T a b le  V I I .

TABLE V II  

Exam ple o f  f i g u r e  o f  m e r i t

F r e q u e n c y  (GHz) 12 23 42
F i g u r e  o f  m e r i t  (dB(K- 1 ) ) 1 4 . 1 ( 1 J 1 7 .0 < 2) 12.2
N o is e  f i g u r e  (dB) 1 .8 4 7

C1 ) A 16 dB(K *) f i g u r e  o f  m e r i t  i s  e x p e c t e d  a s s u m in g  a n  a n t e n n a  w i t h  a
1 .0  m d i a m e t e r  a n d  a  1 .8  dB n o i s e  f i g u r e  i n  c l e a r  s k y .

( 2 ) An 18 dB(K_ 1 ) f i g u r e  o f  m e r i t  i s  e x p e c t e d  a s s u m in g  0 . 9  m d i a m e t e r
a n t e n n a  a n d  4 dB n o i s e  f i g u r e  i n  c l e a r  sk y .

In addition to identifying the specifications of the receiving equipment for individual reception, there is 
also a need to characterize the equipment for community reception. In the case of the 23 GHz band, the size of 
the antenna for community reception will be in the range where automatic tracking might be required. Assuming a 
satellite station-keeping tolerance of ±  0.05°, a signal peaking accuracy of 0.1 dB at the time of installation and 
an allowed link degradation of 1 dB, and assuming the worst mispointing occurrence, the maximum size antenna 
that can be used without automatic tracking is 1.8 m. It is therefore suggested that the size of antenna for 
community reception be 1.8 m. The corresponding G /T  would be 25 dB , with no allowance for mispointing and 
equipment ageing.

7 .2  Demodulator

W hereas a  c o n v e n t io n a l  d i s c r i m i n a t o r  i s  commonly u s e d ,  a  
t h r e s h o l d  e x te n s io n  d e m o d u la to r  ( p h a s e - lo c k  lo o p  o r  a d a p t iv e  f i l t e r ,  
e t c . )  may a l s o  be  u s e d  an d  o f f e r s  up to  a p p ro x im a te ly  3 dB o f  t h r e s h o ld  
im provem en t f o r  FM s y s te m s .

F o r an  o v e r a l l  d i g i t a l  s i g n a l ,  i t  i s  e x p e c te d  t h a t  th e  e r r o r  
p e r fo rm a n c e  c a n  be im p ro v ed  by  u s in g  com plex d e c o d in g  s t r a t e g i e s .

7 .3  Decoder

Low c o s t  r e c e i v e r s  a r e  e s s e n t i a l  f o r  HDTV s a t e l l i t e  
b r o a d c a s t i n g  to  b e  p o p u la r .  M ost HDTV sy s te m s  u se  d i g i t a l  p r o c e s s in g  
e m p lo y in g  fram e s t o r e s  i n  o r d e r  to  a c h ie v e  a  l a r g e  s c a l e  b an d w id th  
c o m p re s s io n . The r e q u i r e d  num ber o f  lo g i c  g a te s  w ould  be s e v e r a l  t e n s  o f  
th o u s a n d s  an d  n e c e s s a r y  c a p a c i t y  o f  th e  s t o r e  w ould be  o f  th e  o r d e r  o f  
10 M b its .

T h e re fo re  th e  r e d u c t i o n  o f  th e  r e c e i v e r  c o s t  d ep en d s on how 
e f f i c i e n t l y  l a r g e - s c a l e  i n t e g r a t i o n  (L S I)  can  be in t r o d u c e d  to  s i g n a l  
p r o c e s s i n g .  R e c e n t t r e n d s  to w a rd s  l a r g e r  c a p a c i t y  LSI s t o r e s ,  f rom  
256 k b i t  to  more chan  1 M b it, an d  to w a rd s  d i g i t i z a t i o n  o f  c o n v e n t io n a l  
t e l e v i s i o n  r e c e i v e r s  a r e  e x p e c te d  to  be  a f a v o u r a b le  im p ac t on 
e x p e d i t i n g  th e  d ev e lo p m en t o f  LSI c i r c u i t s  f o r  HDTV r e c e i v e r s  [CCIR, 1 9 8 6 - 9 0 r ] .
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R e c e n t l y ,  a  t o t a l  o f  26 k i n d s  o f  c u s to m  VLSIs h a v e  b e e n  d e v e l o p e d  f o r  
t h e  MUSE d e c o d e r .  E m p lo y in g  t h e s e  V L SIs ,  t h e  d e c o d e r  c a n  b e  b u i l t  w i t h  46 p i e c e s  
o f  c u s to m  V L SIs .  The s i z e  a n d  t h e  pow er c o n s u m p t io n  o f  t h e  d e c o d e r  i s  
a p p r o x i m a t e l y  l / 3 0 t h  t h a t  o f  t h e  p r o t o t y p e  made w i t h  c o n v e n t i o n a l  I C s , a n d  t h i s  
r e p r e s e n t s  a  s i g n i f i c a n t  s t e p  f o r w a r d  t o  r e a l i z e  low  c o s t  MUSE r e c e i v e r s  f o r  
home u se [C C IR ,  1 9 8 6 - 9 0 s ] .

7 . 4  D i s p l a y s  -

A l a r g e - s c r e e n  h i g h - r e s o l u t i o n  d i s p l a y  i s  n e c e s s a r y  t o  p r o v i d e  t h e  f u l l  
b e n e f i t s  o f  HDTV v i e w i n g .  F o r  home u s e  d i s p l a y  a  s c r e e n  s i z e  o f  a b o u t  1 . 3  m 
(50  i n c h e s )  i n  d i a g o n a l  i s  a  p r e s e n t  t a r g e t  f o r  d e v e l o p m e n t .  A v a i l a b i l i t y  o f  
s u c h  d i s p l a y s  i s  a  k e y  f a c t o r  i n  d e t e r m i n i n g  how r a p i d l y  HDTV w i l l  becom e 
p o p u l a r .

D i r e c t  v ie w  c a t h o d e  r a y  t u b e s  (CRTs) o f  up t o  1 m d i a g o n a l  a r e  
c u r r e n t l y  a v a i l a b l e  i n  a d d i t i o n  t o  v a r i o u s  f r o n t  an d  r e a r  p r o j e c t i o n  d i s p l a y s  
w h ic h  p r o v i d e  e v e n  l a r g e r  im a g e s .  F o r  t h e  home, g a s  d i s c h a r g e  p a n e l s  a n d  l i q u i d  
c r y s t a l  c o l o u r  d i s p l a y s  a r e  u n d e r  d e v e lo p m e n t  a n d  w o u ld  make t h e  HDTV r e c e i v e r  
much more p r a c t i c a l .

F u r t h e r  i n f o r m a t i o n  o f  t h e  d e v e lo p m e n t  o f  d i s p l a y s  i s  d e s c r i b e d  i n  
R e p o r t  801 .

7 . 4 . 1  D i r e c t - V i e w  c a t h o d e  r a v  t u b e  d i s p l a y s

Direct-view displays using cathode-ray tubes (CRTs) with an aspect ratio of 
16:9 and having diagonal length as large as 41 inches (66 to 104 cm) have been 
developed. The main problem with such large CRT displays is their weight, which 
can be as much as 170 kg. '

I n  198 7 ,  a  3 2 - i n c h  (80  cm) CRT was d e v e l o p e d  w i t h  a  shadow  mask 
o f  I n v a r  s t e e l .  I t  a t t a i n e d  a  p e a k  b r i g h t n e s s  o f  230 cd /m 2 [CCIR,
1 9 8 6 - 9 0 t ] .

In the first designs, horizontal resolution of 1000 lines, or greater than 
1400 picture elements per active line, and vertical resolution commensurate with 
1250 total scanning lines were achieved, using phosphor dot pitches of around 
0.3 mm and video bandwidths of about 60 MHz.

Operation at a line- repetition rate of 62 kHz was demonstrated to give 1250 
lines progressive scanning at a 50 Hz field rate (1250/50/1:1) or 1250 lines. 2:1 
interlaced scanning at 100 Hz field rate (1250/100/2:1) as options to eliminate 
interline flicker or large-area flicker.

P r o j e c t i o n  d i s p l a y s  u s i n g  CRTs h a v e  a l s o  b e e n  d e v e l o p e d  w i t h  
s c r e e n  s i z e s  o v e r  40 i n c h e s  ( 1 . 0  m ) .

7 . 4 . 2  F r o n t  p r o j e c t i o n  d i s p l a y s
Front projection is well developed and most practical for large displays.

Front projectors may provide some of the first displays for use in the home. For 
television in cinemas, the most suitable technology is the use of light valves and 
Schlieren optics. These devices are available from several sources [CCIR, 1986-90u]

However, projection displays up to 3 m (118 inches) can be achieved with 
small CRTs for peak luminance figures in excess of 100 cl/m2, and a screen gain of 
13 [CCIR, 1986-90u].

A recent example is a front projector designed to provide a 250 cm (98 
inches) diagonal 16:9 aspect ratio screen. This device has a peak luminance of 300 
c a n d e l a / m 2 a n d  a  s c r e e n  gain of 10. The modulation transfer function provides 
10% modulation at ltiOOTV lines [CCIR, 1 9 8 6 -9 0 v  and w ] .
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7 . 4 . 3  The d e v e lo p m e n t  o f  r e a r  p r o j e c t i o n  d i s p l a y s

Rear projection can provide large displays without commensurate increases in 
weight and overall volume of the receiver: desirable characteristics of receivers 
intended for home use. Highly stable receivers with overall dimensions suitable 
for home use have been developed with high brightness and contrast. The picture 
diagonal was 127 cm (50 inches) with a 16:9 aspect ratio and a 1250 line 
interlaced scanning system operating at a 50 Hz field rate (1250/50/2:1); the peak 
luminance of 400 cd/m2 was nearly as high as that available with conventional 625- 
line receivers. Of perhaps more importance was the attainment of a stable and 
relatively high contrast ratio of 50:1.

7 . 4 . 4  O t h e r  HDTV d i s p l a y s  u n d e r  d e v e lo p m e n t

A solid-state light valve is being developed in the United States. An array 
of thin-film CMOS transistors laid down in the form of a television raster 
produces a 20-volt electrostatic deforming field. On top of the integrated circuit 
is a deformable layer and a reflective thin film.

A f l a t - p a n e l  d i s p l a y  i s  d e s i r a b l e  t o  make HDTV r e c e i v e r s  more 
p r a c t i c a l  f o r  t h e  home a n d  t o  e n c o u r a g e  t h e i r  u s e .  The m o s t  p r a c t i c a l  
way o f  r e a l i z i n g  l a r g e  d i s p l a y s  t h a t  p r o v i d e  t h e  f a s t  o p e r a t i n g  s p e e d  
r e q u i r e d  b y  HDTV i s  w i t h  g a s - d i s c h a r g e  d e v i c e s .  A 2 0 - i n c h  (50  cm) DC 
f a s t - d i s c h a r g e  p a n e l  w i t h  i n t e r n a l  memory h a s  r e c e n t l y  b e e n  f a b r i c a t e d  
a s  t h e  f i r s t  s t e p  t o w a r d s  t h e  d e v e lo p m e n t  o f  a n  HDTV f l a t - p a n e l  d i s ­
p l a y .  T h i s  s t u d y  show ed t h e  p o s s i b i l t y  o f  r e a l i z i n g  e v e n  l a r g e r  f l a t -  
p a n e l  HDTV d i s p l a y s .  A 4 - i n c h  (10  cm) l i q u i d  c r y s t a l  c o l o u r  d i s p l a y  
u s i n g  am orphous  s i l i c o n  TFTs h a s  a l s o  b e e n  d e v e l o p e d  [CCIR, 1 9 8 6 -9 0 x  
a n d  y ] .

7 . 5  E xam ples  o f  s a t e l l i t e  b r o a d c a s t i n g  r e c e i v e r s

7 . 5 . 1  MUSE s a t e l l i t e  r e c e i v e r  ■

F o r  t h e  r e c e p t i o n  o f  e x p e r i m e n t a l  HDTV s a t e l l i t e  b r o a d c a s t i n g  i n  J a p a n ,  
t h e  same r e c e i v i n g  a n t e n n a  a n d  o u t d o o r  u n i t  a s  t h o s e  u s e d  f o r  e x i s t i n g  s a t e l l i t e  
b r o a d c a s t i n g  w i t h  d i g i t a l  s u b c a r r i e r / N T S C  s y s t e m s  a r e  b e i n g  u s e d .

The i n d o o r  u n i t  i s  c o n f i g u r e d  so  a s  t o  b e  a b l e  t o  r e c e i v e  b o t h  d i g i t a l  
s u b c a r r i e r / N T S C  a n d  MUSE s y s t e m s .

The FM d e t e c t e d  MUSE s i g n a l  i s  s u p p l i e d  t o  t h e  MUSE d e c o d e r ,  w h e re  t h e  
d i s p e r s a l  s i g n a l  i s  rem oved  a n d  d e - e m p h a s i s  i s  p e r f o r m e d .  The k e y e d  AFC clam p 
p u l s e  i s  s u p p l i e d  f ro m  t h e  MUSE d e c o d e r  t o  t h e  i n d o o r  u n i t .  F o r  t h i s  p u r p o s e  
c o n n e c t i n g  t e r m i n a l s  f o r  t h e  d e t e c t e d  s i g n a l  o u t p u t  a n d  f o r  t h e  c lam p  p u l s e  
i n p u t  a r e  p r o v i d e d  w i t h  t h e  i n d o o r  u n i t .

The e f f i c i e n c y  o f  t h e  r e c e i v i n g  a n t e n n a  a n d  t h e  n o i s e  f i g u r e  o f  t h e  
o u t d o o r  u n i t  w h ic h  a r e  a v a i l a b l e  i n  t h e  c u r r e n t  c o n su m e r  m a r k e t  a r e  68% on 
a v e r a g e  a n d  1 .8  dB on  a v e r a g e ,  r e s p e c t i v e l y  [CCIR. 1 9 8 6 - 9 0 z ] .

I n  S e p te m b e r  1989 d e v e lo p m e n t s  o f  p r o t o t y p e s  o f  a  MUSE r e c e i v e r  
u t i l i z i n g  a  s e r i e s  o f  c u s to m  VLSIs ( s e e  s e c t i o n  7 . 3 )  w e re  a n n o u n c e d .
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The r e c e i v e r s  a r e  so  d e s i g n e d  a s  t o  r e c e i v e  t h o s e  s i g n a l s  o f  t h e  
c o n v e n t i o n a l  VHF/UHF t e l e v i s i o n ,  o f  C l e a r  V i s i o n  ( a n  e n h a n c e d  q u a l i t y  t e l e v i s i o n  
i n  J a p a n ) ,  an d  o f  H i - V is io 'n  (HDTV i n  J a p a n )  w i t h  a  s i n g l e  e q u i p m e n t .

M ost o f  them  a r e  c a p a b l e  o f  r e p r o d u c i n g  3 -1  S u r r o u n d  Sound ( d e s c r i b e d  
i n  R e p o r t  1072) a c c o m p a n ie d  by  t h e  HDTV p i c t u r e .  C o n n e c t i o n s  w i t h  VCRs a n d  VDPs 
(V id eo  D is k  P l a y e r s )  h a v e  a l s o  b e e n  i n c o r p o r a t e d  i n t o  t h e i r  d e s i g n  i n  some c a s e s  
[CCIR, 1 9 8 6 - 8 9 a a ] .

7 . 5 . 2  HD-MAC s a t e l l i t e  r e c e i v e r

The HD-MAC r e c e i v e r  i n c l u d e s  an  HD-MAC b a n d w id th  r e d u c t i o n  d e c o d e r  
(BRD) w i t h  p o s s i b l y  an  o p t i o n a l  u p c o n v e r t e r  t o  a  f i e l d  r a t e  o f  100 Hz. The BRD 
g i v e s  a s  o u t p u t  a n  Y, U, V s i g n a l  on  t h e  1 2 5 0 /5 0 /2  s t a n d a r d  w i t h  a n  a s p e c t  r a t i o  
o f  1 6 : 9 .  The u p c o n v e r t e r  w i l l  o u t p u t  a n  1 2 5 0 /5 0 /2  s i g n a l .

The d e v e lo p m e n t  o f  t h e  HD-MAC r e c e i v e r s  i s  b a s e d  on  t h e  e x p e r i m e n t a l  
d e c o d e r  t h a t  was made f o r  t h e  d e m o n s t r a t e d  a t  t h e  1989 I n t e r n a t i o n a l e  Funk-  
A u s s t e l l u n g  (IFA) i n  B e r l i n .

A l l  r e c e i v e r s  w i l l  b e  a b l e  t o  d i s p l a y  c o n v e n t i o n a l  PAL/SECAM s i g n a l s  a s  
w e l l  a s  MAC s i g n a l s  i n  b o t h  4 : 3  an d  1 6 :9  a s p e c t  r a t i o  [ C C I R ,1 9 8 6 - 9 0 a b ] .

C o m p a t i b i l i t y  w i t h  t h e  E u ro p e a n  BSS e m i s s i o n  s t a n d a r d  i s  c o n s i d e r e d  
v i t a l  f o r  t h e  c o m m e rc ia l  i n t r o d u c t i o n  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n  p ro g ra m m e s ,  
a l l o w i n g  c o n su m e rs  t o  s e e  HDTV b r o a d c a s t s  on  t h e i r  c o n v e n t i o n a l  DBS s e t s  a n d  t o  
make a  c h o i c e  o f  when t o  u p g r a d e  t o  HDTV. HD-MAC was d e m o n s t r a t e d  a t  IBC 
B r i g h t o n  i n  1988 a n d ,  w i t h  f u r t h e r  u s e  o f  d i g i t a l  a s s i s t a n c e  t e c h n i q u e s  ( s e e  
Annex I I I  a n d  R e p o r t  8 0 1 ) ,  a t  IFA B e r l i n  i n  1989 [CCIR, 1 9 8 6 - 9 0 a c ] .

I n  B e r l i n  t h e  HD-MAC s i g n a l  was r e c e i v e d  f ro m  TV-SAT b y  a  90 cm 
p a r a b o l i c  a n t e n n a  a n d  a  r e c o n s t r u c t e d  s i g n a l  was shown on  s e v e r a l  h i g h  
d e f i n i t i o n  d i s p l a y s .

An e x p e r i m e n t a l  s u r r o u n d  so u n d  s y s te m  was a d d e d  t o  t h e  HD-MAC 
t r a n s m i s s i o n s ,  u t i l i z i n g  t h e  f l e x i b i l i t y  o f  t h e  M A C /packet s y s t e m  a n d  was 
r e p r o d u c e d  a l o n g  w i t h  a  p i c t u r e  s i g n a l  t h e r e b y  e n h a n c i n g  t h e  v i e w i n g  e x p e r i e n c e  
o f  HDTV [CCIR, 1 9 8 6 - 9 0 o ] .

C o n d i t i o n a l  a c c e s s  s y s t e m s  h a v e  b e e n  d e v e l o p e d  s u i t a b l e  f o r  t h e  HD-MAC 
s y s t e m .  They c o m p r i s e  two s e p a r a t e  p a r t s :  t h e  s c r a m b l i n g  a n d  t h e  a c c e s s  c o n t r o l  
s y s t e m .  The s c r a m b l i n g  s y s t e m  i s  t h e  p r o c e s s  w h ic h  m akes u n i n t e l l i g i b l e  t h e  
c o m p o n e n ts  o f  a  s e r v i c e  ( p i c t u r e ,  s o u n d  a n d  d a t a ) .

T h i s  m ech an ism  u s e s  p s u e d o - r a n d o m  s e q u e n c e s  w h ic h  a r e  p e r i o d i c a l l y  
i n i t i a l i z e d  b y  c o n t r o l  w o r d s .  The e n t i t l e m e n t  c o n t r o l l e r  p r o v i d e s  t h e  d a t a  
s c r a m b l e r ,  im p le m e n te d  a t  t h e  o u t p u t  o f  t h e  p a c k e t  m u l t i p l e x e r ,  a n d  t h e  MAC 
c o m p r e s s o r  w i t h  t h e s e  c o n t r o l  w o r d s .  They a r e  t r a n s m i t t e d ,  i n  a n  e n c r y p t e d  
m a n n e r ,  t o  t h e  M AC/Packet d e c o d e r ,  v i a  a  p a c k e t  c h a n n e l  [CCIR, 1 9 8 6 - 9 0 a d ] .

8 . S a t e l l i t e  t e c h n o l o g y

I t  i s  i m p o r t a n t  t h a t  t h e  l i m i t a t i o n s  o f  s p a c e c r a f t  t e c h n o l o g y  a r e  
r e c o g n i z e d .  T h i s  s e c t i o n  su m m a r iz e s  t h e  r e s u l t s  o f  s t u d i e s  i n t o  h i g h - p o w e r  
a m p l i f i e r s , o u t p u t  m u l t i p l e x e r s , s p a c e c r a f t  a n t e n n a s  a n d  t h e  o v e r a l l  p o w er  
r e q u i r e m e n t s .

8 . 1  TWT

T r a v e l l i n g  wave t u b e s  a r e  a l r e a d y  a v a i l a b l e  f o r  s p a c e  u s e  a t  
f r e q u e n c i e s  t h r o u g h o u t  t h e  r a n g e  b e i n g  c o n s i d e r e d .  S t u d i e s  o f  b o t h  c o u p l e d  
c a v i t y  t y p e  d e v i c e s  a n d  h e l i x  s t r u c t u r e s  f o r  t h e  20 GHz r a n g e  i n d i c a t e  t h a t  an  
o u t p u t  pow er o f  500 W, w i t h  a n  e f f i c i e n c y  a p p r o a c h i n g  50%, i s  a n  a c h i e v a b l e  
t a r g e t  w i t h i n  a  t i m e s c a l e  o f  10 t o  15 y e a r s .  A t 12 GHz, 400  W t u b e s  a r e  a l r e a d y  
a v a i l a b l e .
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8 .2  M u l t i p l e x e r

M u l t i p l e x e r s  f o r  u s e  a t  12 GHz a r e  w e l l  d e v e l o p e d .  T h e o r e t i c a l  s t u d i e s  
a t  f r e q u e n c i e s  a r o u n d  20 GHz show t h a t  t y p i c a l  f i l t e r  r e q u i r e m e n t s  c a n  b e  m et 
w i t h  a c c e p t a b l e  i n s e r t i o n  l o s s .  However, m u l t i p a c t i n g  w o u ld  a p p e a r  t o  p r o v i d e  a 
l i m i t  t o  t h e  p ow er  h a n d l i n g  c a p a c i t y .  S t u d i e s  i n d i c a t e  t h a t  s i n g l e  f i l t e r s  
s h o u l d  n o t  n o r m a l l y  b e  o p e r a t e d  b e y o n d  a b o u t  225 W RF p ow er  a t  a r o u n d  20 GHz. 
H ow ever,  t h e r e  a r e  m e th o d s  o f  pow er s p l i t t i n g  b e tw e e n  s e v e r a l  f i l t e r s  a l l o w i n g  
t h i s  l i m i t a t i o n  t o  b e  o v e rco m e .

8 .3  A n te n n a s

S haped  beam t e c h n o l o g y  may be  em p lo y ed  t o  e f f i c i e n t l y  c o v e r  t h e  s e r v i c e  a r e a
w i t h  p e r h a p s  o n l y  1 dB v a r i a t i o n  i n  e . i . r . p .  a n d  t o  p r o v i d e  a g e o g r a p h i c a l
i s o l a t i o n  c a p a b i l i t y  n o t  f e a s i b l e  w i t h  a s im p le  beam. T h i s  may r e d u c e  i n t e r f e r e n c e  
o u t s i d e  t h e  s e r v i c e  a r e a .

A study by the European Space Agency looked generally at the antenna 
performance a c h i e v a b l e  at around 20 GHz and concludes that shaped coverages 
supporting uniform EIRP are feasible. Regions of higher than average eirp (hot 
spots) to compensate for areas of abnormally high rainfall are also feasible. It 
is not possible to generalise about off-axis pattern and cross polar performance, 
since they are unique to each beam. In general shaping the coverage degrades 
cross polar and off-axis performance. Further work is required to accurately 
predict radiation pattern performance. It was concluded that only limited shaping
could be achieved for the beam sizes studied, typically one third to one half the
size of the UK, and simple ellipses may be preferable in many cases. If beam 
shaping is to be implemented then the shaped reflector approach is preferred since 
it affords greater directivity than a Multiple Beam Antenna (MBA). It should be 
noted, however, that if multiple coverages are required then only an MBA approach 
can achieve this with a single reflector.

8 .4  O v e r a l l  pow er r e q u i r e m e n t s

The number of transponders which can be accomodated on board a satellite bus 
depend on their size and weight, the prime power available, the transponder 
efficiency and the ability to dissipate excess heat. Initial studies by the 
European Space Agency have provided estimates of the number of TWTs as a function 
of TWT power output. Efficiencies of 50% for the TWT and 90% for the electronic 
pow er c o n d i t i o n e r  h a v e  b e e n  a s su m e d .  T h e rm a l  a n a l y s e s  m u s t  b e  p e r f o r m e d  i n  more 
depth to establish more accurately the spacecraft capabilities. Two 500 watt or 
four 250 watt TWTs can be supported by the EUROSTAR 2000 class and four 500 watt 
or eight 250 watt TWTs can be supported by the OLYMPUS class spacecraft. In these 
cases, the available d.c. power is the limiting factor.
8 . 5 E x p e r i m e n t a l  s a t e l l i t e s

I n  o r d e r  t o  d e v e l o p  t h e  t e c h n o l o g y  f o r  e x p l o i t i n g  t h e  2 0 /3 0  GHz b a n d  
s e v e r a l  e x p e r i m e n t a l  p a y l o a d s  a r e  a v a i l a b l e  o r  w i l l  b e  a v a i l a b l e  s o o n  f o r  
v a r i o u s  t e s t  t r a n s m i s s i o n s ,  i n c l u d i n g  e x p e r i m e n t s  f o r  f u t u r e  HDTV b r o a d c a s t i n g  
by  s a t e l l i t e s  i n  E u ro p e .

I n  E u ro p e ,  t h e  s a t e l l i t e  DFS-1 K o p e r n ik u s  (Germ any ( F e d e r a l  
R e p u b l i c  o f ) )  was l a u n c h e d  i n  J u n e  1 989 .  B a s i c a l l y  a n  o p e r a t i o n a l  
t e l e c o m m u n i c a t i o n  s a t e l l i t e  i t  a l s o  c a r r i e s  a  3 0 /2 0  GHz p a y l o a d  f o r  t e s t  
p u r p o s e s  ( b a n d w id th  90 MHz, EIRP 52 dBW). I t  i s  p l a n n e d  t o  u s e  t h i s  p a y l o a d  f o r  
w id e  RF b a n d  HDTV t r a n s m i s s i o n  e x p e r i m e n t s .  O lym pus, a  E u ro p e a n  e x p e r i m e n t a l  
s a t e l l i t e ,  p r o v id 'e s  a  20 W 3 0 /2 0  GHz e x p e r i m e n t a l  p a y l o a d  o f  700 Mhz o f
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bandwidth (launched in July 1989). The transmission experiments including wide 
RF-band HDTV will be coordinated by the European Space Agency (ESA). In Japan, 
studies in an early phase include an experimental 20 GHz payload in the planned 
EDRT (Experimental Data Relay Transmission) satellite.

In conclusion, it can be said that, apart from the high-power satellite 
amplifier, all elements for future 30/20 GHz BSS satellites are available. It is 
predicted with confidence, however, that the required HPA output power will be 
available (using coupled cavity TWTs) and that the spacecraft bus can provide 
sufficient d.c. power to operate, say, 6 TWTs at 350 W RF output power.
9. L in k  b u d g e t s  a n d  s a t e l l i t e  p ow er  r e q u i r e m e n t s

The general equation for the power budget on the down link may be written as 
follows:

e.i.r.p. c r a n s m i t  ~ + + L f

— PFD + Ls + A + a
where:

e . i . r . p . c r ans mi c : equivalent isotropically radiated power to 
the edge of the service area

r  O '

Cf*

**•*

PFD.

A:

a:
C/N:

f a

k:

B 

X

G/T:

radio-frequency power at the output of the 
satellite transmitter
maximum gain of transmit antenna
- 41.4 dBi for 1° beamwidth area (See §8)
loss in the feeder and filters in the satellite
power-flux density requirement at the edge of 
service area
- C/ N + 0 U + k + B + 10 log(4?r/A2) - G /T  

spreading loss - 20 log(4?rd‘2) 
rainfall attenuation (see §4) 
atmospheric absorption
required carrier-to-noise ratio (see §2) 
impairment due to feeder-link noise =* 0.5 dB 
Boltzmann's constant - -168.6 (dB(W(MHz*K)‘ )̂ 
equivalent noise bandwidth (see §6) 

wavelength
figure of merit of receiver (see §7)

(dBW)

(dBW)

f AV * \\ j

(dB)

(dB(W/m2))

(dB)
(dB)
(dB)
(dB)
(dB)

(dB(MHz)

(m)

(db(K)-1)
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An estimation of the e.i.r.p. requirements in each frequency hand may 
be made using the values of Table VIII for spreading loss (Ls), wavelength 
factor (10 log 4*/X2)'. atmospheric absorption (a) and rainfall attenuation (A), 
for temperate climates.

TABLE VIII
Comparison of required e.i.r.p. in different frequency bands

Parameter 12 GHz 23 GHz 42 GHz

Ls 162.5 162.5 162.5
10 log 4n 43.0 48.6 53.9

a 0.1 0.7 1.2
A 1.5 4.5 11.6

Ls + 10 log 4n/*2 + a + £ 207.1 216.3 229.2
relative e.i.r.p. (dB) 0 +9.6 +22.1

It can be seen that on the above hypothesis of equal C/N, bandwidth and 
G/T, much higher e.i.r.p.s would be required for the higher frequency bands.

Examples of link budgets for the various types of transmission systems 
discussed in § 6 are shown in Table IX as well as a probable example for the 
42 GHz band. It is clear that the 42 GHz band is not practicable. The powers 
required for the 23 GHz band are close to those predicted feasible (see 
section 8).

10. Subjective assessments and experiments of HDTV satellite broadcasting
systems
For satellite broadcasting of high-definition television(HDTV) using a 

single channel in the 12 GHz band planned at WARC-BS 77, two systems have been 
developed: MUSE (Multiplex Sub-Nyquist Sampling Encoding) and HD-MAC (High 
Definition Multiplexed Analogue Components). Subjective assessment tests as well 
as experiments using actual DBS satellites have been conducted. Tests and 
experiments concerning wide RF band systems are still at an early stage.
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TABLE IX

E xam ples—o f  l i n k  b u d g e t s  o f  HDTV s a t e l l i t e  t r a n s m i s s i o n

System A B C D

Category Symbol
Narrow
RF

band*^
analogue

Wide
RF
band

analogue

Wide
RF

band 2) 
d ig i ta l

Wide
RFband

analogue

1. System
Frequency of carrier(GHz)
Type of modulation Approximate equivalent' 
rectangular bandwidth 
(MHz)
Carrier-to-noise ra t io  ' 
before demodulation (dB) Additional noise of 
feeder link (dB)
N e c e s s a r y  C/N (dB)

B

C/N
pu

C/N+3U

12
FH

27(24)

17(20)
0.5 ' 
17.5 ; 
(20.5)

23
FH
54

17/22
0.5
17.5/
22.5

23
4 PSK
70

17/22
0.5
17.5/
22.5

42
FH
125

17
0.5
17.5

2. Receiving installa­
tion

Figure of merit 4) 
(dB(K'l))
Required PFD at the 
edge of beam area 
(dBW/m2)

G/T

pfd

13
(16)
-106.8

17/18

-102.1
/-97.1

17/18

-100.9 
/-95.9

12

-88.2

3. Propagation
Spreading loss (dB) 
Additional propagation5) 
losses (dB)

Ls
A + a

162.5
1.6

162.5
5.2/
0.7

162.5
5.2/
0.7

162.5
12.8

Required e.i.r.p. from satellite at beam edge 
(dBW)

e .x .r .p . 57.7 65.6
/66.1

66.8
/67.3

87.1

4. Satellite transmitter
Antenna beamvidth (deg)6) 
Antenna gain at the 
edge of service area 
(dB)
Loss in feeders, filters 
joints etc. (dB)Required satellite (dBW) 
transmitter power

(W)

V

Lf
po

1.0
41.4

2.0
17.9
62

1.0
41.4

2.0
26.2/
26.7

417/468

1,0
41.4

2.027.4/
27.9
550
/617

1.0
41.4

2.0
47.7
58900
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N o te s  t o  T a b le  IX

Values in brackets are for Region 2.
2) Noise bandwidth of 70 MHz and RF bandwidth of 105 MHz assuming a 

transmit bit rate of 140 Mbit/s, 2 bit/Hz modulation and a shaping 
factor of 1.5

3) The first value is the objective for 99% of the worst month; the second
is for clear-sky where given.

*0 The first value takes into account the increase in antenna temperature
due to the rainfall assumed in note (5); the second value is the 
nominal clear sky G/T. .

.5) The earth-station elevation angle is asumed to be 40°. The first value
corresponds to rain attenuation not exceeded for 99% of the worst month 
for average temperate climate in Europe as an example (see § 4). The . 
satellite power should be adjusted to take into account the desired 
service time and propagation losses for the climatic zone under 
consideration. Where a second value is given this corresponds to the 
clear-sky propagation loss. .

6 ) A n ten n a  beam w idth  s h o u ld  be  a d j u s t e d  t o  t h e  s i z e  o f  s e r v i c e  a r e a .
A n ten n a  d i a m e t e r  and g a i n  w i l l  be  c h a n g e d  a c c o r d i n g l y  and  th e  s a t e l l i t e  
o u t p u t  pow er w i l l  change a c c o r d i n g  t o  t h e  g a i n  ch a n g e .

10.1 Subjective assessments for narrow RF band systems
10.1.1 Effect of noise

Subjective assessment tests on the relationship between received C/N 
and picture/sound quality have been conducted. The experimental set-up for MUSE 
is illustrated in Figure 3. The received C/N ratio in a 27 MHz bandwidth was 
varied by adding noise to the frequency modulated MUSE signal, at 140 MHz.

The received picture and sound signals were evaluated using the five-grade 
impairment scale. Viewing and listening conditions used in the assessment tests 
are shown in Table X and Table XI (these conditions are basically based on Rec 
500). The results of assessment tests are shown in Figure 4 and Figure 5. A 
subjective impairment of 4.5 corresponds to a carrier-to-noise ratio of 17.5 dB 
for the vision and 9.7 dB for the sound.
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FIGURE 3 -Experimental  se t-up for su b j e c t iv e  assesment t e s t s

A: t e s t  s l i d e s H: b a n d p a s s  f i l t e r
B: c o m p a c t  d i s k  p l a y e r I : d e m o d u l a t o r
C: MUSE e n c o d e r J : MUSE d e c o d e r
D: MUSE a u d i o  e n c o d e r K: MUSE a u d i o  d e c o d e r
E: FM m o d u l a t o r L: HDTV m o n i t o r
F: a t t e n u a t o r M: a u d i o  m o n i t o r
G: n o i s e  g e n e r a t o r

TABLE X 

V ie w in g  c o n d i t i o n s

Test p ictures T e s t  s l i d e s
Fruits,woman.canal scene, 
t e s t  pattern.colour bar

Ratio o f  viewing  
distance to p icture  
height

3

Picture monitor 32" RGB monitor

Peak luminance on9
70

m
the screen (cd/m )

Ratio o f  the luminance o f  
the screen when d isp lay in g  
only black le v e l  in a 
completely dark room to  that  
corresponding to peak white

Approximately 0.01

Room illum ination low

Grading sc a le s Five-grade impairment sc a le

Observers 20 Non-experts
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TABLE XI 
Listening conditions

T e s t sounds 3 k in d s  o f  t e s t  so u n d s 
p i a n o ,o r c h e s t r a .s p e e c h

Maxixum sound p r e s s u r e  
l e v e l  (d b s p l)

80

Ba ck gr oun d n o i s e  L e v e l  
( d b sp l-A )

37

G rad in g  s c a le F iv e -g ra d e  
im p a irm en t s c a le

O b se rv e rs 24 N o n -e x p e rts

FIGURE 4  -  Results of picture evaluation tes t  FIGURE 5 -
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S u b j e c t i v e  a s s e s s m e n t s  h a v e  a l s o  b e e n  made w i t h  t h e  f i r s t  e x p e r i m e n t a l  
HDTV c h a i n ,  i n  t h e  f ram ew o rk  o f  t h e  E u ro p e a n  HDTV p r o j e c t  E u re k a  95 .

T h e se  t e s t s  w e re  c o n d u c t e d  u s i n g  a  s a t e l l i t e  s i m u l a t i o n  f e a t u r i n g :

- f r e q u e n c y  m o d u l a t i o n  a t  70 MHz;

- f i r s t  u p - c o n v e r s i o n  t o  1 GHz; '

- f i l t e r i n g ;

- s e c o n d  u p - c o n v e r s i o n  t o  12 GHz;

- a m p l i f i c a t i o n  by  a  TWT o f  20 W a t t s  (AM/PM: 4 ° / d B ) ;

- s i g n a l  a t t e n u a t i o n  by  a  v a r i a b l e  a t t e n u a t o r
( v a r i a t i o n  o f  t h e  C/N r a t i o ,  m a n u a l ly  o r  a u t o m a t i c a l l y  c o n t r o l l e d ) ;

. - SHF r e c e p t i o n  an d  f i r s t  d o w n - c o n v e r s io n  t o  1 GHz;

- s e c o n d  d o w n - c o n v e r s i o n  t o  70 MHz a n d  c h a n n e l  f i l t e r i n g ;

- f r e q u e n c y  d e m o d u l a t i o n .

The p i c t u r e  im p a i r m e n t  h a s  b e e n  e v a l u a t e d  f o r  d i f f e r e n t  v a l u e s  o f  t h e  
C/N r a t i o  i n  a  27 MHz b a n d w id th .  The t e s t s  h a v e  b e e n  d one  o n l y  w i t h  s t i l l  
p i c t u r e s  a n d  w i t h  t h e  88 a l g o r i t h m  e i t h e r  i n  t h e  s t a t i c  mode (80  ms b r a n c h )  o r  
i n  t h e  m o v ing  mode (20  ms b r a n c h ) .  The EBU m e th o d  was u s e d  w i t h  n o n - e x p e r t  
o b s e r v e r s  a s  d e s c r i b e d  i n  R ecom m enda tion  500 .

The s i g n i f i c a n t  v i e w i n g  c o n d i t i o n s  w e r e _ t h e  f o l l o w i n g :

V ie w in g  d i s t a n c e  
P e a k  lu m in a n c e  
C o n t r a s t  r a t i o  
M o n i to r  
D i s p l a y  t u b e

3H
80 cd /m 2 
9 0 :1
1 2 5 0 / 5 0 / 2 : 1
shadow  m ask , 77 cm d i a g o n a l

The r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  F i g .  6 . The d a s h e d  l i n e s  i n d i c a t e  t h e  
c o n f i d e n c e  l e v e l  (5%) o f  t h e  mean r e s u l t s  ( c o n t i n u o u s  l i n e )  o b t a i n e d  f ro m  15 
o b s e r v e r s .

T a k in g  a c c o u n t  o f  t h e  c o n f i d e n c e  l e v e l ,  t h e  s u b j e c t i v e  i m p a i r m e n t  i s  4 . 5  o v e r
a  r a n g e  o f  c a r r i e r - t o - n o i s e  r a t i o s  b e tw e e n  1 6 .2  dB i n  t h e  b e s t  c a s e  a n d  2 0 .5  dB i n
t h e  w o r s t  c a s e .  , . '

1 0 . 1 . 2  E f f e c t  o f  c h a n n e l  d i s t o r t i o n s

A transmission of an HDMAC signal with a total baseband bandwidth of
12 MHz is possible using a 27 MHz channel bandwidth.

The amplitude frequency response after frequency demodulation is 
related to the shape of the IF filter preceding the demodulator which must 
have a flat response over a bandwidth of at least 24 MHz. Such a response 
can be obtained with a SAW filter. With the experimental set-up described 
above for HDMAC (§ 10.1.1) there was no visible impairment on any of the 
analysed pictures.



C/N (dD)
Figure 6: Impairment grade o f  the picture signal as a function o f the C7N ratio in 27 

M llz
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The s e n s i t i v i t y  o f  an  HD-MAC s i g n a l  t o  a s t a t i c  s a m p l i n g  t i m e  e r r o r  i n  
t h e  d e c o d e r  h a s  a l s o  b e e n  e v a l u a t e d .  F o r  a  6 n s  s a m p l i n g  e r r o r ,  some 
v i s i b l e  d i s t o r t i o n s  c o u l d  b e  o b s e r v e d  on some c r i t i c a l  p i c t u r e s ,  e s p e c i a l l y  '
on t h e  d i a g o n a l s  w h e re  a s t a i r c a s e  e f f e c t  a p p e a r s .  When t h e  e r r o r  i s  
r e d u c e d  t o  3 n s ,  t h e n  t h e r e  i s  no v i s i b l e  i m p a i r m e n t  on  a n y  o f  t h e  a n a l y s e d  
p i c t u r e s .

I t  h a s  b e e n  n o t i c e d  t h a t  a p a r a b o l i c  g r o u p  d e l a y  e r r o r  i n  t h e  
t r a n s m i s s i o n  c h a i n  p r o d u c e d  an  im p a i r m e n t  o f  t h e  same n a t u r e  a s  a  s t a t i c  
p h a s e  e r r o r  an d  t h a t  t h i s  i m p a i r m e n t  c a n  b e  s t r o n g l y  r e d u c e d  b y  a d j u s t i n g  
t h e  s a m p l i n g  t i m e .  T h i s  j u s t i f i e s  t h e  u s e  o f  an e q u a L i z e r  o r  a t  l e a s t  an  
a u t o m a t i c  p h a s e  a d j u s t m e n t  i n  t h e  d e c o d e r .

A l s o ,  t h e  r e l a t i o n s h i p  b e tw e e n  p i c t u r e  q u a l i t y  a n d  w a v e fo rm  d i s t o r t i o n  
o f  t h e  MUSE s i g n a l  h a s  b e e n  i n v e s t i g a t e d .  I t  h a s  b e e n  made c l e a r  t h a t  f o r  t h e  
MUSE s y s t e m  t h e  r e l a t i o n s h i p  b e tw e e n  d i s t o r t i o n  i n  t h e  t r a n s m i s s i o n  p a t h  a n d  t h e  
r e c e i v e d  p i c t u r e  q u a l i t y  c a n  b e  d e s c r i b e d  w i t h  m e a s u r e d  v a l u e s  o f  a m p l i t u d e  
e r r o r s  a t  t h e  s a m p l i n g  p o i n t s  b y  u s i n g  a  l o g i s t i c  f u n c t i o n .

When a  t r a n s m i s s i o n  p a t h  d o e s  n o t  h a v e  an  i d e a l  f r e q u e n c y  r e s p o n s e ,  t h e  
l i n e  s y n c h r o n i z a t i o n  s i g n a l s  (HD) o f  t h e  MUSE s i g n a l  may b e  d i s t o r t e d .  S i n c e  t h e  
s a m p l i n g  c l o c k  i n  t h e  MUSE d e c o d e r  i s  r e g e n e r a t e d  b y  u s i n g  HD, a n  e r r o r  i n  
s a m p l i n g  t im e  may o c c u r  w h ic h  a l s o  r e s u l t s  i n  m u l t i p l e  e c h o e s  i n  t h e  d e c o d e d  
p i c t u r e .  The am ount o f  im p a i r m e n t  due  t o  t h e  e r r o r  i n  s a m p l i n g  t i m e  c a n  a l s o  b e  
c a l c u l a t e d  b y  t h e  a b o v e - m e n t i o n e d  m e th o d .  R e s u l t s  o f  t h e  c a l c u l a t i o n  i n d i c a t e d  
t h a t  t h e  im p a i r m e n t  c o u l d  b e  n e g l e c t e d  when t h e  e r r o r  i n  s a m p l i n g  t im e  was l e s s  
t h a n  2 n s . T h i s  was c o n f i r m e d  by  s u b j e c t i v e  a s s e s s m e n t  t e s t s  [CCIR, 1 9 8 6 - 9 0 a e ] .

1 0 .2  E x p e r im e n t s  w i t h  n a r r o w  R F -b a n d  s y s te m s

E x p e r i m e n t s  o f  HDTV t r a n s m i s s i o n  a n d  b r o a d c a s t i n g  t h r o u g h  s a t e l l i t e s  
h a v e  b e e n  made i n  J a p a n  a n d  F r a n c e .

1 0 . 2 . 1  MUSE

B a s e d  on  t h e  MUSE s y s t e m ,  e x t e n s i v e  e x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  
i n  J a p a n  s i n c e  1 9 8 6 .  W ith  a n  o u t p u t  o f  100 W f ro m  t h e  BS-2 s a t e l l i t e  
( g i v i n g  a b o r e s i g h t  e . i . r . p  o f  5 7 .7  dBW) a  r e c e i v e d  C/N o f  a r o u n d  17 dB i s  
o b t a i n a b l e  f o r  99% o f  t h e  w o r s t  m on th  i n  n e a r l y  a l l  o f  t h e  m a in  i s l a n d s  o f  
J a p a n  u s i n g  a r e c e i v i n g  a n t e n n a  o f  0 . 7 - 0 . 9  m i n  d i a m e t e r .  W ith  MUSE an  HDTV 
s i g n a l  i s  r e c e i v e d  w i t h  a s u f f i c i e n t l y  g o o d  S/N b y  u s i n g  a  s i n g l e  12 GHz 
WARC-BS c h a n n e l .  •

The d e t a i l s  o f  t h e  e x p e r i m e n t s  a r e  d e s c r i b e d  i n  A nnex IV . S i n c e  
J u n e  1 9 8 9 ,  r e g u l a r  e x p e r i m e n t a l  HDTV b r o a d c a s t i n g  f o r  o n e  h o u r  a  d a y  h a s  b e e n  
s t a r t e d  b y  NHK u s i n g  BS-2b on  a  t i m e - s h a r i n g  b a s i s  w i t h  t h e  c o n v e n t i o n a l  
s a t e l l i t e  t e l e v i s i o n  (NTSC) p ro g ra m m in g .

Two s p e c i a l  i n s t r u m e n t s  f o r  m e a s u r i n g  C/N a n d  ( a u d i o )  b i t  e r r o r  r a t i o  
h a v e  b e e n  d e v e l o p e d  f o r  t h e  p u r p o s e  o f  m ak in g  m e a s u re m e n t  e a s i e r  d u r i n g  
e x p e r i m e n t a l  HDTV s a t e l l i t e  b r o a d c a s t i n g  u s i n g  MUSE t h r o u g h  a  b r o a d c a s t i n g  
s a t e l l i t e .  F u r t h e r  d e t a i l s  a r e  d e s c r i b e d  i n  Annex IV .
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Some e x p e r i m e n t s  on  HD-MAC t r a n s m i s s i o n  t h r o u g h  t h e  d i r e c t  b r o a d c a s t i n g  
s a t e l l i t e  TDF-1 h a v e  b e e n  made i n  F r a n c e .  The s a t e l l i t e  h a s  an  o u t p u t  pow er o f  
230 W d e l i v e r i n g  a n  e . i . r . p .  o f  64 dBW on b o r e s i g h t .

A r e c e i v e d  C/N o f  17 dB i s  o b t a i n a b l e  f o r  99% o f  t h e  w o r s t  m on th  i n  a l l  
t h e  s e r v i c e  a r e a  w i t h  a  55 cm d i a m e t e r  r e c e i v i n g  a n t e n n a .  Thus a n  HD-MAC s i g n a l  
o f  good  q u a l i t y  c a n  b e  r e c e i v e d  w i t h  a  s m a l l  a n t e n n a  u s i n g  a  12 GHz WARC 
c h a n n e l .  Annex V d e s c r i b e s  t h e  e x p e r i m e n t s  i n  d e t a i l .

1 0 .3  P l a n n e d  e x p e r i m e n t s  w i t h  w id e  RF b a n d  s y s te m s

I n  a d d i t i o n  t o  t h e  f l i g h t  p r o g r a m s  d e s c r i b e d  i n  s e c t i o n  4 . 5  w h ich  have been  
p l a n n e d  t o  d e r i v e  a d d i t i o n a l  p r o p a g a t i o n  a n d  o t h e r  d a t a ,  s e v e r a l  e x p e r i m e n t a l  
d e v e l o p m e n t a l  a n d  d e m o n s t r a t i o n  p r o g r a m s  a r e  now p l a n n e d  o r  u n d e r  way t o  r e f i n e  
a n d  t e s t  new t e c h n i q u e s  a n d  t e c h n o l o g y  d i r e c t e d  p r i m a r i l y  t o w a r d  w id e  RF band  HDTV 
s a t e l l i t e  b r o a d c a s t i n g .

L a b o r a t o r y  e f f o r t s  a r e  f o c u s e d  on m o d u l a t i o n  m e th o d s  a n d  c h a n n e l  c o d i n g ,  
p a r t i c u l a r l y  u s i n g  d i g i t a l  t e c h n i q u e s  w h ic h  o f f e r  t h e  p r o s p e c t  o f  e f f e c t i v e  b i t -  
r a t e  r e d u c t i o n  a n d  e f f i c i e n t  im age a n d  s o u n d  c h a n n e l  c o d i n g .  Such  w ork  i s  p l a n n e d  
i n  I t a l y ,  i n  Germany ( F e d e r a l  R e p u b l i c  o f )  a n d  i n  J a p a n ,  a m o n g s t  o t h e r  p l a c e s .

1 1 .  I n t e r f e r e n c e  w i t h i n  t h e  same s e r v i c e

1 1 .1  R e q u i r e d  p r o t e c t i o n  r a t i o s  .

F o r  HDTV s y s t e m s  i n t e n d e d  f o r  u s e  i n  t h e  12 GHz b a n d ,  p r o t e c t i o n  r a t i o s  m ust 
c o m p ly  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  R a d io  R e g u l a t i o n s  A p p e n d ix  30 a n d  30A. 
P r o t e c t i o n  r a t i o s  f o r  tw o  HDTV s y s t e m s :  MUSE a n d  HDMAC ( p r e l i m i n a r y  r e s u l t s  f o r  
t h e  "88 a l g o r i t h m " )  v e r s i o n s  h a v e  b e e n  m e a s u r e d .

F o r  t h e  MUSE s y s t e m s  s u b j e c t i v e  a s s e s s m e n t s  w e re  c a r r i e d  o u t  i n  a c c o r d a n c e  
w i t h  R e c .6 0 0 .  F i g u r e s  o b t a i n e d  w i t h  a t y p i c a l  5 t h  o r d e r  B u t t e r w o r t h  f i l t e r  a r e  
shown i n  T a b l e  XII  ( B e t t e r  r e s u l t s  w i l l  b e  o b t a i n e d  w i t h  a s u r f a c e  a c o u s t i c  wave 
f i l t e r  w h ich  i s  b e i n g  i n t r o d u c e d  i n t o  s a t e l l i t e  b r o a d c a s t i n g  r e c e i v e r s )
[CCIR, 1 9 8 6 - 9 0 a f ] .

10.2.2 HD-MAC

F o r  HD-MAC^results p r e s e n t e d  i n  T a b l e  X I I I  a r e  o b t a i n e d  w i t h  t h e  f o l l o w i n g  
v i e w i n g  c o n d i t i o n s s

-  V ie w in g  d i s t a n c e  3 H
-  P eak  lu m in a n c e  80 cd/m2
-  C o n t r a s t  r a t i o :  9 0 :1
-  M o n i t o r :  1 2 5 0 / 5 0 / 2
-  D i s p l a y  t u b e :  shadow  m ask , 77 cm d i a g o n a l

S i x  e x p e r t  o b s e r v e r s  h a v e  b e e n  u s e d  f o r  a l l  t h e  t e s t s .  The f r e q u e n c y  - 
d e m o d u l a t o r  was a c o n v e n t i o n a l  d i s c r i m i n a t o r  a n d  t h e  IF  f i l t e r  was a 4 t h  o r d e r  
B u t t e r w o r t h  w i t h  a  3 dB b a n d w i d t h  o f  2 5 .5  MHz [ C C I R ,1 9 8 6 - 9 0 a g ] .
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TABLE X I I  - Protection ratios for just perceptible interference (MUSE)

W anted  s i g n a l  
( t e s t  s l i d e s )

U nw anted  s i g n a l  
( c o l o u r  b a r )

C h an n e l  p r o t e c t i o n  r a t i o s  (dB)

Lower 
a d j  a c e n t*

Co­
c h a n n e l

U p p e r ’ 
a d j  a c e n t*

NTSC SMPTE #1 MUSE 1 0 .0 1 8 .0 1 0 .1
SMPTE #14 1 1 .7 1 8 .7 1 1 .2

MUSE F r u i t s NTSC 7 .6 1 7 .6 7 .8
C o n g r e s s  h a l l 6 .2 1 9 .1 1 0 .5

MUSE F r u i t s MUSE 8 .3 2 3 .3 8 . 0
C o n g r e s s  h a l l 7 . 4 2 4 .0 8 . 4

* A d j a c e n t - c h a n n e l  f r e q u e n c y  s p a c i n g :  ± 1 9 .1 8  MHz

TABLE X I I I  - P r o t e c t i o n  r a t i o s  f o r  j u s t  p e r c e p t i b l e  i n t e r f e r e n c e  (HD-MAC)

W anted  s i g n a l  
( t e s t  s l i d e s )

U nw anted  s i g n a l

P r o t e c t i o n  r a t i o s  (dB)**

Lower 
a d j  a c e n t  
c h a n n e l*

Co­
c h a n n e l

U pper  
a d j  a c e n t  
c h a n n e l*

B o a t s
HDMAC

C i r c u s
HDMAC ( g r i d )

6 ± 0 . 8

2 0 .5  ± 1

5 .2  ± 0 . 8

SECAM B o a t s
HDMAC 

( C o lo u r  b a r s ) 1 0 .5  ± 0 . 3 2 3 .7  ± 1 .3 9 .8  ± 0 . 5

* A d j a c e n t - c h a n n e l  f r e q u e n c y  s p a c i n g :  ± 1 9 .1 8  MHz

** P r e v i o u s  e x p e r i m e n t s  on t h e  e f f e c t  o f  c h a n n e l  i n t e r f e r e n c e  s t r o n g l y  s u g g e s t  
t h a t  t h e  r e s u l t s  f o r  i n t e r f e r e n c e  o f  HD-MAC s i g n a l s  i n t o  a  PAL c h a n n e l  w o u ld  be  
v e r y  s i m i l a r .

Measu re d  p r o t e c t i o n  r a t i o s  comply  w i t h  t h e  r e q u i r e m e n t s  o f  WARC-BS 77  
f o r  b o t h  s y s t e m s  ( s e e  R e p o r t  6 3 4 ) .
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F o r  a  d i g i t a l  HDTV s y s t e m  a  t r a d e - o f f  i s  r e q u i r e d  t o  s e t  t h e  b a l a n c e  
b e tw e e n  t h e  a l l o w a b l e  t h e r m a l  n o i s e  an d  t h e  i n t e r f e r e n c e  n o i s e  c o n t r i b u t i o n .  
When th e  num ber o f  m u t u a l l y  i n t e r f e r i n g  s i g n a l s  i s  l a r g e ,  t h e  i n t e r f e r e n c e  i s  
s i m i l a r  i n  e f f e c t  t o  G a u s s i a n  n o i s e  a n d  C / I  an d  C/N c a n  b e  c o m b in e d  t o  g i v e  an  
e f f e c t i v e  C/N + I .  When t h e r e  i s  o n l y  one i n t e r f e r e r ,  o r  one  w h ic h  i s  d o m in a n t ,  
t h e n  t h e  e f f e c t  o f  i n t e r f e r e n c e  i s  l e s s  s e v e r e  t h a n  t h e  e q u i v a l e n t  n o i s e  po w er ,  
e s p e c i a l l y  wheti c o n v o l u t i o n a l  c o d i n g  i s  u s e d  w i t h  V i t e r b i  d e c o d in g  [N ew land , 
1988 ; CCIR, 1 9 8 6 - 9 0 a h ] . I f  t h e  s y s t e m  i s  d e s i g n e d  so  t h a t  t h e  t h r e s h o l d  b i t  
e r r o r  r a t i o  i s  l i m i t e d  p r i m a r i l y  b y  t h e  t h e r m a l  n o i s e ,  t h e  s a t e l l i t e  t r a n s m i t  
po w er  c a n  b e  m in im iz e d .  H ow ever,  t h i s  l e a d s  t o  a  v e r y  h i g h  v a l u e  o f  C / I  an d  
t h e r e f o r e  l i m i t s  t h e  e f f i c i e n t  u s e  o f  o r b i t / s p e c t r u m .

One a p p r o a c h  i s  t o  k e e p  a f a i r  p r o p o r t i o n  b e tw e e n  C/N an d  C / I  w h a te v e r  
t h e  d i g i t a l  m o d u l a t i o n  s y s t e m  u s e d .

As an  exam ple o f  t r a d e - o f f  b e tw een  C/N and  C / I ,  t h e  s e t s  be low  g i v e  
t y p i c a l  v a lu e s  w i t h  t h e  f o l l o w i n g  c o n d i t i o n s :

- required BER: 10"^
- digital modulation system: 2 bits/Hz

- equivalent noise bandwidth: 1/2 bit race
- margin (including channel impairment effect): 1.5 dB
- c o n t r i b u t i o n  o f  i n t e r f e r e n c e  from a d j a c e n t  c h a n n e l s :  1 dB

The following sets are examples which give an overall C/(N+I) of 15 dB:

C/N (dB) 16 17 18 20 22

C/I (dB)
(co-channel)

22 19.5 18 16.5 16

Further study is necessary to determine the most suitable digital 
modulation system.

11.2 Planning aspects

The number of channels that would be necessary to transmit one 
HDTV program to any receiving location within a continent depends 
primarily on the protection ratio required for the HDTV system, and on 
factors such as coverage, transmit and receive antenna radiation 
patterns, the orbital separation between satellites, etc.
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E x p e r ie n c e  w i th  t h e  p r e p a r a t i o n  o f  th e  a l l o t m e n t  p l a n  f o r  co m m u n ica t io n s  
s a t e l l i t e s  a t  WARC ORB 88 show s t h a t  i t  i s  p o s s i b l e  t o  g e n e r a t e  a " s i n g l e  
f r e q u e n c y "  p l a n .  I n  t h i s  P la n ,  th e  whole o f  a band  c a n  be  u s e d  i n  a g iv e n  s e r v i c e  
a r e a .  For t h i s  ty p e  o f  sy s tem , i t  i s  n e c e s s a r y  to  e n s u r e  t h a t  t h e  s a t e l l i t e  and 
r e c e i v e r  a n te n n a s  have  good d i r e c t i o n a l  p r o p e r t i e s ,  and  t h a t  a m o d u la t io n  sy s tem  i s  
ch o sen  w hich  shows good im munity to  i n t e r f e r e n c e .  S t u d i e s  by ESA h av e  shown t h a t  
t h i s  ap p ro ach  c o u ld  be u se d  f o r  HDTV a t  a ro u n d  20 GHz i f  a s u i t a b l e  m o d u la t io n  
sy s tem  i s  a v a i l a b l e .  I f  more p r o t e c t i o n  i s  n eed ed ,  t h e n  th e  e f f i c i e n c y  o f  s p ec tru m  
u se  d e c r e a s e s .

Preliminary studies in Region 2 on planning the 23 GHz band for Region 2 indicate that the 500 MHz 
bandwidth will accommodate easily about 10 HDTV channels (60 MHz bandwidth) using both polarizations. It is 
found that if the adjacent orbital positions can be considered independent, as regards polarization, then linear 
polarization would be more appropriate since each beam could be optimized independently for local vertical or 
horizontal reception thus minimizing the rain attenuation and depolarization. This could then increase the plan 
capacity. However, factors like simplicity in receiver alignment and compatibility with 12 GHz systems may lead 
to the use of circular polarization, precluding the above potential improvements.

In addition, it should be noted that the possibility of re-using frequencies by polarization discrimination 
may be compromised if the depolarization effects of rain are more severe than estimated from current data.

T h e r e  may b e  o p e r a t i o n a l  a d v a n t a g e s  i f  HDTV s a t e l l i t e s  a r e  c o - l o c a t e d  w i t h  
s a t e l l i t e s  p l a n n e d  f o r  t h e  12 GHz b a n d .  H ow ever ,  t h i s  w i l l  n o t  n e c e s s a r i l y  a l l o w  
t h e  same r e c e i v e  a n t e n n a  t o  be  u s e d  f o r  b o t h  s e r v i c e s .  .

A series of planning exercises was carried out for the 
European and North African areas within Region 1, using the following 
assumptions: '
- frequency range, 15 to 25 GHz;
- coverage, either "national" providing individual service areas for

33 councries using the beams of the WARC BS-77 Plan, or "regular" 
coverage using a grid of 27 regularly distributed circular, one- 
degree beams;

• antenna radiation patterns as in the WARC BS-77 Plan;
- receiving antenna beaowidth of 1.5°;
- orbital separation of satellites, 3°;

For a given number of channels, die planning exercises were 
repeated with progressive increases in the prpcection ratio, until there 
was no longer any "plan" compatible with the interference criterion. The 
results of the exercises are given in T a b l e  XIV i n  t h e  f o rm  o f  
aiaviiwm values of the protection ratios that would be achieved.

A l th o u g h  n o t  n e c e s s a r i l y  c o r r e l a t e d  a t  low  l e v e l s  o f  a t t e n u a t i o n ,  e x t r e m e l y  
h i g h  l e v e l s  o f  a t t e n u a t i o n  a r e  i n  p r a c t i c e  a lw a y s  r e l a t e d  t o  h i g h  l e v e l s  o f  
d e p o l a r i z a t i o n .  A c c o r d i n g  t o  T a b l e s  I I I  a n d  IV a t  23 GHz a  d i g i t a l  s y s t e m  s h o u l d  
n o t  b e  d e g r a d e d  b y  d e p o l a r i z a t i o n  p r o v i d e d  i t  i s  p l a n n e d  f o r  a  C / I  r a t i o  
s i g n i f i c a n t l y  lo w e r  t h a n  t h e  v a l u e s  g i v e n  i n  t h e  t a b l e s . F o r  e x a m p le ,  a t  23 GHz, i n  
E u r o p e ,  c r o s s  p o l a r i s a t i o n  i s o l a t i o n  i s  i n  e x c e s s  o f  25 dB f o r  99% o f  t h e  w o r s t  
m o n th .  The c o r r e s p o n d i n g  a t t e n u a t i o n  v a l u e  i s  4 .5  dB ( s e e  T a b l e  I ) ,  a v a l u e  f o r  
w h ich  a s e r v i c e  c a n  p r o b a b l y  s t i l l  b e  p r o v i d e d ,  b a s e d  on  t h e  c h a r a c t e r i s t i c s  o f  
t h e  e r r o r - p r o t e c t i o n  s c h e m e .  F o r  99.9% o f  t h e  w o r s t  m o n th  XPD i s  o n l y  15 dB b u t  
t h e  a t t e n u a t i o n  v a l u e  r e a c h e s  1 3 .5  dB, a v a l u e  a t  w h ic h  m o s t  p r o b a b l y  no  s e r v i c e  
c a n  b e  p r o v i d e d  a n y w ay .
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Ic will tiierefore be possible to make a "plan” without 
negative margins and with the indicated number of channels, to provide 
one program to any service area for any HDTV system requiring protection 
ratios equal to or lower than the indicated values.

With further assumptions on the actual values of the 
protection ratios for analogue and digital HDTV systems, it would then 
be possible to determine the total bandwidth necessary to transmit one 
HDTV program to any required location. Preliminary results using 
’’national" coverage are of the order of 150 MHz (perhaps as high 
as 200 MHz), for either an analogue system having an RF bandwidth 
of 5k MHz, or a digital system of lUo Mbits/s. Spectrum utilization 
could be improved if the planning were based on the provision of 
"regular” coverage.

TABLE XIV Maximum v a l u e s  o f  HDTV p r o t e c t i o n  r a t i o s  a s  a  f u n c t i o n
o f  t h e  nu m b er  o f  c h a n n e l s . .

Maximum a t t a i n a b l e  p r o t e c t i o n  r a t i o s  (c3)

Humber o f  c h a n n e ls " N a t i o n a l 1 c o v e r a g e "Regular" coverage
n e c e s s a r y  to  p r o v i d e (33 c o u n t r i e s ) (27 a r e a s )
one HDTV programme
p e r  s e r v i c e  a r e a Co * c r.»n. A d j - c h a n ,  j Co-chan. Adi - char.,  j

2 14 0 24 17

3 22 0 - -  '
4 28 14' 30 22
6 30 19 34 23
8 31 24 39 28

12. S h a r i n g  w i t h  o t h e r  s e r v i c e s

S h a r i n g  w i t h  o t h e r  s e r v i c e s  i s  d i s c u s s e d  i n  R e p o r t s  631 (MOD I )  , 807 an d  
951 , a n d  i n  t h e  CCIR r e p o r t  t o  t h e  S e c o n d  S e s s i o n  o f  t h e  WARC ORB.

I n  R e s o l u t i o n  5 21 ,  t h e  WARC-Orb 88 e x t e n d e d  t h e  r a n g e  o f  f r e q u e n c i e s  t o  
b e  c o n s i d e r e d  a s  p o s s i b l e  c a n d i d a t e s  f o r  a  new HDTV b a n d  t o  i n c l u d e  1 2 .7  t o  23 GHz.

S t u d i e s  o f  s h a r i n g  w i t h  t h e  s e r v i c e s  i n  t h i s  r a n g e  h a v e  n o t  b e e n  c o m p l e t e d .  
R e c e n t  s t u d i e s  b y  ESA a t  f r e q u e n c i e s  o f  20 GHz p r o v i d e  new i n f o r m a t i o n  on t h e  
p r o s p e c t s ,  a s  w e l l  a s  t h e  p r o b l e m s ,  o f  s h a r i n g  b e tw e e n  t h e  BSS a n d  o t h e r  s e r v i c e s .

13. Feeder links
13.1 Suitable frequency bands for the associated feeder links

According to the Radio Regulations, the feeder links to the BSS belong 
to the FSS and will be operated in FSS frequency bands in the Earth-to-sapce 
direction. A list of these bands with their allocations in the three ITU Regions 
is given in Table XV. As can be seen, some of these bands are already allocated 
for exclusive use by feeder links to the BSS.
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TABLE XV -  F r e q u e n c y  b a n d s  a l l o c a t e d  t o  FSS ( E a r t h —t o - s p a c e  d i r e c t i o n )
a b o v e  10 GHz

Freauencv band (GHz) Reeion 1 Reeion 2 Reeion 3
10.7 - 11.7 b u; M M
12.5 - 12.7 B - -
12.7 - 12.75 B H - '
12.75- 13.25C1) M M M
14.0 - 14.5 M M M
14.5 ,-14.8 M (2) M (2) M (2)
17.3 - 17.7 M (2) M (2) M <2)
17.7 - 18.1 B (2) B (2) B (2)
27.0 -27.5 - M M -
27.5 - 31.0 M M M.
42.5 - 43.5 M M M
47.2 - 50.2 M M M
50.4 - 51.4 M H M
71.0 - 75.5 M M M
92.0 - 95.0 M M M

M - Earth-to-space direction only 
B - bi-directional

(1) This band is to be planned in the Earth-to-space direction for the 
FSS at WARC 0RB(2).

(2) Limited^to feeder links to the BSS.

It may be possible to accommodate the feeder links for the HDTV in the 
broadcasting satellite service within the existing frequency bands allocated to 
feed the BSS satellites.

The bands 14.5 - 14.8 GHz and 17.3 - 18.1 GHz will be used as feeder 
links to the BSS operating in the 12 GHz band and are likely to be planned for 
this service. However, the band 10.7 - 11.7 GHz is reserved for the feeder links 
to the BSS in Region 1 (see footnote 835).

A lower frequency than for the down links should preferably be 
used to ensure a better availability for the feeder links but this may 
not be possible due to heavy utilization of lower frequency bands by 
other services. The other alternative is to operate the feeder links in 
a frequency band close to the down-link band so that similar propagation 
conditions can be experienced on both links. A too close proximity of 
the two bands could however require complex satellite filters to isolate 
the reception from the transmission.

In those cases where the feeder links would have to use higher 
frequency bands, the availability of the links can be drastically 
improved by the use of sice diversity, thus enabling a certain 
flexibility in the choice of the frequency bands.
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As was found during the planning of the 12 GHz band, there are 
many advantages in including considerations about the feeder links to 
the broadcasting satellites in the definition of the service. The band 
27*27.5 GHz is an attractive candidate for the HDTV feeder links, 
corresponding to the 22.5-23 GHz band or any other down-link band (in 
Region 1 however, this is currently not allocated to the FSS). In 
Regions 2 & 3 this frequency band is allocated to the fixed-satellite 
service in the Earth-to-space direction, and is shared with fixed and 
mobile services as well as the Earth exploration-satellite service. The 
spacing between the down-link and feeder-link frequency bands 
(23/27 GHz) is large enough to allow for straightforward design of the 
satellite filters. The two bands are close enough to allow the 
possibility of using the same satellite antenna aperture and feed 
system. This also results in similar propagation statistics for feeder 
links and down links. .

13.2 Feeder links for wide RF band HDTV

Considerations of feecer-link parameters such as the s i z e  of  
feeder-link antennas and the required tracking accuracy, second adjacent 
channel interference and the need for satellite filtering, power control 
and depolarization compensation will need to be addressed very careiully 
to identify a consistent set of system parameters for the feeder links 
to HDTV broadcasting satellites.

14. Conclusions

Studies on HDTV satellite broadcasting have led to the general 
conclusion that such services should provide the potential of a picture quality 
for reception in homes which comes as close as possible to that of the studio 
signal. In order to enable the introduction of wide RF band HDTV on a world-wide 
basis, a world-wide frequency allocation to the BSS is necessary, with a total 
bandwidth of the order of 500 MHz, preferably not above the 23 GHz band. For 
countries already planning to fully use their assignments in the 12 GHz plans, 
this allocation becomes necessary even for narrow RF band HDTV broadcasting, 
particularly if it were to involve a change of the transmission standard in the 
currently operating service.

The following specific conclusions can also be drawn:
a) analogue and digital systems are feasible;
b) the quality objectives for HDTV arc fundamentally more stringent 

than those of conventional TV systems;
c) all systems need a certain amount of bandwidth compression;
d) the 12 GHz band is now planned in all regions on the basis of 

conventional television systems conforming with CCIR 
Recommendation 650;

e) narrow RF-band systems (operating in a 24 - 27 MHz channel 
according to the 12 GHz plans) are characterized by high degrees 
of bandwidth compression and which cannot be supported by all­
digital transmission: the narrow RF-band systems described (MUSE,
HD-MAC) meet the Plan requirements of the 12 GHz band;
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f) use of sophisticated bandwidth reduction techniques can give go od  
picture quality, particularly in a narrow-band system, but with 
added receiver complexity;

g) in general, system performance may be improved (e.g., picture 
quality and motion portrayal) if there is a wide RF channel 
bandwidth available;

h) wide RF-band systems (both analogue and digital) require an RF 
channel bandwidth typically of the order of 50 - 120 MHz;

i )  b e tw e en  ab o u t  150 t o  200 MHz o f  RF s p e c t r u m  c o u ld  p r o v id e  one 
v i d e  RF band  HDTV programme p e r  s e r v i c e ,  a r e a , t h e r e f o r e ,  a  t o t a l  
b a n d w id th  o f  t h e  o r d e r  o f  500 MHz c o u ld  be u s e d ;

j )  f rom  a  p r o p a g a t i o n  p o i n t  o f  v ie w ,  any b an d  be tw een  12 GHz and
23 GHz would be  s u i t a b l e ,  b u t  lo w e r  f r e q u e n c i e s  i n  t h i s  ra n g e  
w ould  be  p r e f e r a b l e ;

k) the extension of the allocation of the band 22.5 - 23 GHz to the
BSS in Region 1 seems desirable to result in a common world-wide 
allocation. However, use of this band may prove to be difficult 
because there are sharing constraints with the radioastronomy 
service, the inter-satellite service and the fixed service;

1) there is already significant utilization of many of the frequency 
bands between 12 and 23 GHz which would otherwise be suitable and 
these have other sharing constraints.

Further study is necessary to determine:
- the subjective performance of HDTV satellite broadcasting 
systems, particularly the level of degradation introduced by the 
narrow RF band systems and possible compatibility requirements in 
comparison with the quality of HDTV in the studio;

- appropriate methods to meet service objectives and efficient 
frequency utilization by operational HDTV services in the 
higher frequency bands;

- the extent to which the various possible coding and modulation 
processes can reduce both satellite power and RF bandwidth 
requirements at acceptable cost.

Following the conclusions of WARC-Orb 88, which considered the question of a 
possible frequency allocation for HDTV BSS (see Resolution 521), f u r t h e r  s t u d y  
is also required to determine:
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system parameters for HDTV transmissions by satellite, with emphasis 
on the effect of the choice of frequency, e.g.:

- modulation (including baseband coding and channel coding);

- satellite power requirements;

- satellite and earth station technology;

- receiving system characteristics;

- type of polarization (including propagation effects); 

propagation characteristics, e.g.:

- attenuation, including precipitation losses;

- atmospheric absorption;

- cross-polar discrimination;

i n t e r -  a n d  i n t r a - s e r v i c e  s h a r i n g  a n d . i n t e r f e r e n c e , i n t e r r e g i o n a l  s h a r i n g .
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ANNEX I  

A v a i l a b i l i t y  o b j e c t i v e s

Thera are several criteria which can be proposed for service 
objectives [CCIR, 1976], They are to give:
- optima clear-sky quality
- limited outage time
- defined quality for n% of the worst month
- e q u a l  i n t e g r a t e d  q u a l i t y .
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Fixing che clear-sky qualicy can lead Co a simple buc 
effeccive cechnique for system design. Table XVI shows an ,
example of che performance achievable using chis mechod '
[Stotc and Shelswell, 1987], Some flexibilicy is needed 
to reduce che outage times caused by rain attenuation.
The example shows how an improvement can be made by a small 
increase in e.i.r.p.
In general it is not possible to guarantee the target reception quality to 100% of 
the population in any country. This should be recognized. However, a high 
percentage (of the order of 98%) is essential for the acceptance of a new service. 
Such a target would recognize that some areas may, for a. variety of reasons, not 
be served satisfactorily. [CCIR, 1986-90a], .

TABLE XVI - Summary of performance for satellite e.i.r.o. of
6 3 .5  dBW a t  23 GHz

Country
% time stated C/N ratio is exceeded

10 dB C/N 14 dB C/N 20 dB C/N
Norway 99.97 99.9 97
France 99.97 99.9 98.4
Italy 99.88 99.7 96.5
Algeria 99.95 99.9 98.2
Senegal 99.97 99.9 98.9
Zaire 99.6 99.1 94
(Zaire, + 3 dB) (99.75) (99.5) (98)

However, equalizing the outage time leads to 
excessively high transmit powers from the satellite.

The compromise of defined quality for n% of the worst month 
reduces the outage times of the mechod of setting the clear sky quality 
and requires a smaller range of e.i.r.p. than the method based on 
equalized outage time. Nevertheless, it does not guarantee 
good clear sky quality on the one hand, whilst now avoiding 
outage on the others.

The technique of equal Integrated quality [CCIR, 1986-90b] an extension 
of the n% worst month technique which ensures adequate clear sky quality and 
minimizes the range of e.i.r.p. required for a service, by paying closer 
attention to the trade-off between reception quality and time availability.

The technique measures the area under the curve of quality versus a 
function of the percentage of time for which that quality is not achieved; the 
e.i.r.p.s are adjusted so that the same result is given for all transmissions.
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T here  a r e  many p o s s i b l e  m e a su re s  o f  q u a l i t y  which 
c o u ld  be u se d  i n  t h e  a n a l y s i s . I t  i s  im p o r t a n t  t o  a d o p t  an 
o b j e c t i v e  m easure  which i s  i n d e p e n d e n t  o f  t h e  m o d u la t io n  
sy s te m . The c a r r i e r - t o - n o i s e  r a t i o  (C/N) e x p r e s s e d  i n  dB i s  
p r o p o s e d  as  t h e  b a s i c  m easu re  o f  q u a l i t y .  The p r i n c i p l e  i s  
i l l u s t r a t e d  i n  F i g . 7 . Once t h i s  r a t i o  f a l l s  b e lo w  t h e  
t h r e s h o l d  v a lu e  t h e  p e r c e i v e d  q u a l i t y  re m a in s  u n i f o r m ly  
u n sa t is fac to ry ,  so in  p rac t ice  what i s  in te g ra te d  i s  the excess C/N, 
which i s  defined fo r  th i s  purpose as the d i f fe ren ce  (C/Naccua]_ - 
C/Nthreshold)» unless chis d if fe rence  i s  negative , in  which case the 
excess C/N i s  taken to be zero. Periods fo r  which the C/N i s  below 
threshold  thus, qu ite  appropria te ly ,  make no co n tr ib u t io n  to  the 
in teg ra ted  measure.

C arrie r-to -n o ise
ratio,
C/N(dB)

(e.g. 0.01%) % time tor which given 
value of C/N is not available 
(Non-linear scale, e.g. 
logarithmic)

The e.i.r.p.s are adjusted such that Ilp^ = ^2pl

FIGURE 7 -  Curve show ing  p r i n c i p l e  o f  e q u a l  
i n t e g r a t e d  Q u a l i t y  ( I p i )
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The in te g ra te d  q u a l i ty  measure I ? ]_ i s  defined by 

p*100%

Ipl =  I  X d(log p ) *
p»pl

w here

X i s  t h e  e x c e s s  C/N above th e  d e s i r e d  t h r e s h o l d  v a l u e ,  and  P i s  th e
percentage of time for which X is not exceeded.

An " i d e a l "  c o u n t r y  h a v in g  no r a i n  i s  u s e d  a s  a  r e f e r e n c e ,  h a v in g  a 
c o n s t a n t  v a l u e  o f  e x c e s s  C/N, e q u a l  t o  X d r y .  T h is  i s  s e t  t o  p r o v i d e  good 
q u a l i t y  u n d e r  c l e a r  sk y  c o n d i t i o n s  and  d e t e r m in e s  t h e  m a g n i tu d e  o f  th e  
i n t e g r a t e d  q u a l i t y  t o  be  e q u a l i z e d .  T h is  i m p l i e s  t h a t  t h e  c l e a r  sk y  v a lu e  o f  
e x c e s s  C/N w i l l ,  i n  a l l  r e a l  c o u n t r i e s ,  e x c e e d  th e  " i d e a l  d ry "  v a l u e .

I n  an  exam ple  p l a n n i n g  e x e r c i s e  [ S h e l s w e l l  and  S t o t t , 1 9 8 7 ] ,  i t  was 
fo u n d  t h a t  th e  r e q u i r e d  s a t e l l i t e  power v a r i e d  by  8 .5  dB a t  10 GHz b e tw een  th e  
w e t t e s t  an d  d r y e s t  c o u n t r i e s  h a v in g  e q u a l  i n t e g r a t e d  q u a l i t y .  U s in g  th e  1% w o r s t  
month c r i t e r i o n ,  t h e  r a n g e  was 15 dB and  u s i n g  th e  c l e a r  sky  c r i t e r i o n ,  th e  
ra n g e  was 45 dB.

The e q u a l  i n t e g r a t e d  q u a l i t y  c r i t e r i o n  i s  t h u s  an  a t t r a c t i v e  e x t e n s i o n  
o f  t h e  1% w o r s t  month  m ethod  o f  s y s te m  d e s i g n .

I t s  u s e  p e r m i t s  h i g h e r  f r e q u e n c y  ban d s  t o  be  u s e d  by a l l  
c o u n t r i e s  f o r  HDTV and  m e r i t s  f u r t h e r  c o n s i d e r a t i o n ,  i n  p a r t i c u l a r  
t h e  c h o ic e  o f  t h e  m ost  a p p r o p r i a t e  q u a l i t y  m e a s u re .

The e x is t in g  procedures fo r  i d e n t i ^ i n g  perm issib le  le v e ls  of 
in te r fe re n ce  and d i s to r t i o n  are based on le v e ls  o f  impairment which are 
j u s t  p e rc e p t ib le .  These procedures are  s t i l l  v a l id  fo r  analogue HDTV, 
although o f  course the p rec ise  leve ls  may change  b e c a u s e  o f  t h e  new 
viewing cond it ions .

In  che d iscu ss io n  so fa r ,  the use o f  analogue techniques has 
been assumed. However, a l l - d i g i t a l  techniques may be s u i ta b le .  These have 
d i f f e r e n t  f a i l u r e  c h a r a c t e r i s t i c s  from analogue and so a r e v is io n  o f  the 
l in k  ob jec t ives  may be app rop ria te .  In  general a d i g i t a l  system w i l l  
provide good-picture q u a l i ty  over a wide range o f  c a r r i e r - to - n o i s e  and 
c a r r i e r - to - in te r f e r e n c e  r a t i o s  and then f a i l  ab rup tly  when th e re  i s  a 
small  increase i n  no ise  o r  d i s to r t io n .

For d i g i t a l  techniques, che cu r ren t  p rov is ions o f  che Radio 
Regulations, Appendix 29^ i f  applied , may lead to  d i f f i c u l t i e s  o f  . .
p lanning. A lth o u g h  i t  may be  d e s i r a b l e  t o  d e te r m in e  l i n k  p e r fo rm a n c e  and 

.ava i l ab i l i t y  o b jec t iv es  in  terms of  C/(N-rL). Some balance of  p e r m i s s i b l e  n o i s e  and 
in te r fe ren ce  power may be the optimum tra d e -o f f  between l in k  budget 
c o n s t ra in ts  on the  one hand and planning c o n s tra in ts  on the ocher . T h is  
could lead  to  a s i g n i f i c a n t  increase i n  the e f f ic ie n c y  o f  use of  
spectrum.

Note 1. - The c o n tr ib u t io n  o f  in te r fe ren ce  should n o t  exceed 4% of the 
t o t a l  thermal no ise ,  i f  no coord ination  i s  necessary.
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ANNEX I I

T e c h n ic a l  d e s c r i p t i o n  o f  th e  MUSE system

1. I n t r o d u c t i o n

An e f f i c i e n t  ban d w id th  com p ress io n  sy s te m , c a l l e d  MUSE (M u l t ip le  
Sub-Nyquist sam pling  E n c o d in g ) ,  e m p lo y in g  p h a s e - a l t e r n a t i n g  sub -N y q u is t  
sampling and  m o tio n -co m p en sa ted  in te r f ra 'm e  c o d in g , -  has  been  deve loped  for the
prim ary  purpose  o f  a c h i e v i n g  s i n g l e - c h a n n e l  s a t e l l i t e  b r o a d c a s t i n g  of  
1 125 /60 /2 :1  h i g h - d e f i n i t i o n  t e l e v i s i o n  i n  th e  12 GHz b an d ,  w hich has  been 
a l l o c a t e d  to  t h e  s a t e l l i t e  b r o a d c a s t i n g  s e r v i c e  and p lan n ed  a t  WARC-BS 1977 f o r  
Regions 1 and 3 and a t  RARC-SAT 1983 f o r  R egion 2 [Ninomiya, 1 9 8 7 ] .

T h is  t e c h n iq u e  o f  bandw idth  com press ion  can  a l s o  b e  a p p l i e d  t o  v a r io u s  
o t h e r  HDTV equ ipm ent.  Equipment f o r  consumer use  such  as  VTRs and v i d e o - d i s c  

p l a y e r s  u s in g  MUSE, and a  c o n v e r t e r  f o r  r e c e p t i o n  o f  MUSE s i g n a l s  w i th  conven tion*  
t e l e v i s i o n  r e c e i v e r s  h a s  a l r e a d y  been  d ev e lo p ed .

2 .  Sampling and i n t e r p o l a t i o n  o f  t h e  MUSE sys tem

F ig u re  8 shows t h e  sam pling  p a t t e r n  o f  t h e  MUSE sy s te m .  T h is  sam pling
i s  o f  a  m u l t i p l e  d o t - i n t e r l a c e d  t y p e ,  and t h e  c y c l i c  p e r i o d  o f  t h e  sequence  i s  
f o u r  f i e l d s .

S t a t i o n a r y  p o r t i o n s  o f  t h e  p i c t u r e  can be  r e c o n s t r u c t e d  by u s in g  
samples from a l l  f o u r  f i e l d s  o f  t h e  seq u en ce .  The t r a n s m i s s i b l e  ra n g e  i n  t h e  
s p a t i a l  f req u en cy  domain i s  i l l u s t r a t e d  i n  F ig u re  9 (a )  f o r  s t a t i o n a r y  p o r t i o n s  
o f  th e  p i c t u r e .  I t  s h o u ld  be  n o te d  t h a t  t h i s  i s  a  b a s i c  i l l u s t r a t i o n  i n  
r e f e r e n c e  t o  F ig u re  8 , and t h e  a c t u a l  t r a n s m i s s i b l e  ran g e  o f  t h e  sys tem  w i l l  
be e x p la in e d  l a t e r  w i th  F ig u r e  1 1 ( f ) .

For moving p o r t i o n s ,  th e  p i c t u r e  has to  be r e c o n s t r u c t e d  w i th  s p a t i a l  
I n t e r p o l a t i o n  by us ing  sam ples  w i th in  a s i n g l e  f i e l d  o n ly ,  o th e rw ise  a 
d i s t o r t i o n  of m u l t i - l i n e  b lu r  may ap p ear  in  the  r e c o n s t r u c t e d  p i c t u r e .  The 
t r a n s m i s s i b l e  range  in  the  s p a t i a l  f req u en cy  domain becomes s m a l le r  a s  shown in  
F ig u re  9 (c )  f o r  moving p o r t i o n s  o f  the  p i c t u r e .
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F i g u r e  8 P r i n c i p l e  o f  MUSE system
( a )  F i l t e r  a r rangement  f o r  the luminance s i g n a l
(b )  F i l t e r  a r rangemen t  f o r  th e  c o l o u r - d i f f e r e n c e  s i g n a l s
( c )  Sampling p a t t e r n

TC tlme compression
SP s t a t i o n a r y  p o r t i o n
MP moving p o r t i o n
IEF i n t e r f i e l d  p r e f i l t e r i n g
IAF i n t r a f i e l d  p r e f i l t e r i n g
VOS f i e l d - o f f s e t  subsampling
LPl 12 MHz low-pass  f i l t e r i n g
LP2 16 MHz low-pass  f i l t e r i n g
SFC sampl ing f requenc y  c o n v e rs io n
FOS f r a m e - o f f s e t  subsampl ing
LO l i n e - o f f s e t  subsampling
INY luminance s i g n a l  input
INC c o l o u r - d i f f e r e n c e  s i g n a l  i n p u t
OUTYS luminance s i g n a l  ou tpu t  f o r  s t a t i o n a r y  p o r t i o n s
OUTYM luminance s i g n a l  ou tp u t  f o r  moving p o r t i o n s
OUTC c o l o u r - d i f f e r e n c e  s i g n a l  o u t p u t
SPP s i g n a l  p r o c e s s i n g  procedure
SPT sampl ing p a t t e r n
OS o r i g i n a l  sampl ing
(IBF) i n v e r t  by frame

— o — odd f i e l d
- 1 - even f i e l d
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It: means t h a t  t h e  a c t u a l  r e s o l u t i o n  o f  d e t a i l s  i n  th e  p i c t u r e  i s  ' 
r e d u c e d  in  c h e  m o v in g  p o r t i o n s  o f  t h e  r e c o n s t r u c t e d  p i c t u r e .  However, t h i s  r e d u c t i o n

i n  te rm s  o f  a c t u a l  r e s o l u t i o n  d o es  n o t  cau se  any s e r i o u s  d e g r a d a t i o n  i n  p i c t u r e  
q u a l i t y ,  b e c a u s e  th e  human p e r c e p t i o n  o f  t h e  s h a r p n e s s  o f  p i c t u r e  i s  n o t  so 
s e n s i t i v e  t o  d e t a i l s  in  moving p o r t i o n s  o f  t h e  p i c t u r e .  T h is  has  b een  co n f irm e d  
t r u e  f o r  a lm o s t  a l l  p i c t u r e s  o b s e r v e d  under  t y p i c a l  v ie w in g  c o n d i t i o n s .

As a n  e x c e p t i o n ,  h o w e v e r ,  i n  t h e  c a s e  o f  u n i f o r m  movement o v e r  t h e  
e n t i r e  p i c t u r e  c a u s e d  b y ,  f o r  e x a m p le ,  p a n n i n g  o r  t i l t i n g  t h e  c a m e ra ,  
t h e  d e g r a d a t i o n  becomes more n o t i c e a b l e .  A t e c h n i q u e  o f  mot ion c o m p e n s a t i o n  i s  
s u c c e s s f u l l y  employed h e r e ,  and che d e g r a d a t i o n  l s  e l i m i n a t e d  a s  f o l l o w s :  A
v e c t o r  s i g n a l  r e p r e s e n t i n g  Che m o t i o n  i n  t h e  p i c t u r e  I s  c a l c u l a t e d  f o r  each  
f i e l d  a t  t h e  e n c o d e r ,  and i s  m u l t i p l e x e d  I n t o  t h e  f i e l d - b l a n k i n g  p e r i o d  f o r  
t r a n s m i s s i o n .  At . th e  d e c o d e r ,  t h e  p o s i t i o n  of  p i c t u r e  samples  o f  t h e  p r e c e d i n g  
f i e l d  l s  s h i f t e d  dependin g  on t h e  v e c t o r  s i g n a l  so Chat  t h e  same p r o c e s s  of  
t e m p o r a l  I n t e r p o l a t i o n  as  t h a t  f o r  t h e  s t a t i o n a r y  p o r t i o n s  can  be a p p l i e d .

The maximum t r a n s m i s s i b l e  s p a t i a l  f r e q u e n c y  i n  th e  v e r t i c a l  d i r e c t i o n  
i s  l / ( 2 h )  f o r  s t a t i o n a r y  p o r t i o n s  o f  t h e  p i c t u r e  a s  shown i n  F i g u r e  9 ( a ) ,
w h e r e a s  i t  i s  h a lv e d  to be l / ( 4 h )  f o r  moving p o r t i o n s  a s  shown i n  F i g u r e  9 ( b ) ,
b e c a u s e  che 2 :1  I n t e r l a c e  s c a n n i n g  i s  a p p l i e d  t o  t h e  o r i g i n a l  HDTV s i g n a l .

3 .  E n c o d in g  a n d  d e c o d i n g  t h e  MUSE s i g n a l

I n  p r i n c i p l e ,  I n p u t  s i g n a l s  o f  t h e  lu m in a n c e  and t h e  l i n e - s e q u e n t i a l  
c o l o u r - d i f f e r e n c e  s i g n a l s  a r e  f i r s t  combined  i n t o  a s i n g l e  t l m e - d l v l s i o n
m u lt ip le x e d  s ig n a l  c a l l e d  th e  TCI (Time Compressed  I n t e g r a t i o n )  s i g n a l  ( F ig u r e  12 sh ow s  
t h e  w a v e fo r m ) . .

B e f o r e  th e  s i g n a l  l s  s u b s a m p l e d ,  a s  e x p l a i n e d  above  w i t h  F i g u r e  8 ,  two
d i f f e r e n t  p r e f i l t e r s  f o r  s u p p r e s s i o n  o f  a l i a s i n g s  a r e  a p p l i e d .  The one I s
d e s i g n e d  f o r  u s e  w i t h  s t a t i o n a r y  p o r t i o n s  o f  a  p i c t u r e ,  and t h e  o t h e r  f o r  moving 
p o r t i o n s .  I d e a l  f r e q u e n c y  r e s p o n s e  o f  t h e s e  f i l t e r s  must  c o i n c i d e  w i t h  t h e  
t r a m a m l s s l b l e  r a n g e  o f  t h e  s y s t e m .

The o u t p u t s  o f  t h e  f i l t e r s  a r e  f i e l d - o f f s e t  s u b s a m p le d  f o r  t h e  
p o r t i o n s  o f  p i c t u r e s  n o t  m oving .  A f t e r  s a m p l i n g  f r e q u e n c y  c o n v e r s i o n ,  t h e  -
s i g n a l s  a r e  m ixed ,  w i t h  t h e  r a t i o  d e t e r m i n e d  on  a  p i x e l - b y - p i x e l  b a s i s  
d e p e n d i n g  on t h e  amount  o f  m o t i o n  d e t e c t e d .  Then,  a  f r a m e - o f f s e t  
s u b s a m p l i n g  i s  p e r f o r m e d ,  a n d  t h e  s i g n a l  i s  t r a n s m i t t t e d .

When the motion compensation is applied, some additional data concerning the 
motion vector is transmitted as a control signal which is inserted in the 
field blanking period as shown in Figure 14.

In  t h e  d e c o d in g ,  m o t io n  d e t e c t i o n  and p i c t u r e  e le m e n t  r e c o n s t r u c t i o n  
ca n  be  p e r fo rm e d  in d e p e n d e n t ly  o f  t h e  e n c o d in g .  The m o t io n  v e c t o r  i s  t r a n s m i t t e d ,  
and  i s  u s e d  i n  t h e  r e c e i v e r  t o  g iv e  d i s p l a c e m e n t  t o  t h e  p i c t u r e  o f  t h e  p r e v io u s  
f i e l d .

1*. S am p l in g  f r e q u e n c i e s  and s p e c t r a  o f  t h e  MUSE s i g n a l

The a a m p l i n g - f r e q u e n c y  a s s i g n m e n t  and f i l t e r i n g  p r o c e s s  f o r  t h e  
l u m i n a n c e  s i g n a l  a r e  shown i n  F i g u r e  1 0 ,  and t h e  f r e q u e n c y  s p e c t r a  a t  m a jo r
p o i n t s  o f  t h e  p r o c e s s  a r e  i n d i c a t e d  i n  F i g u r e  11.  T h ese  f i g u r e s  a r e  shown i n
t h e  c a s e  o f  a  s t i l l  p i c t u r e .  .
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( a) ( b ) (c)
F i g u r e  9 T r a n s m i s s i b l e  range  i n  s p e c i a l  f r e q u e n c y  domain

( a )  O r i g i n a l  sampl ing
(b)  I n t e r f r a m e  and I n t e r f i e l d  i n t e r p o l a t i o n  f o r  s t a t i o n a r y  p o r t i o n s
( c )  I n t r a f i e l d  I n t e r p o l a t i o n  f o r  moving p o r t i o n s

R : h o r i z o n t a l  f r e q u e n c y  (MHz)
V : v e r t i c a l  f r e q u e n c y

IN FRF VOS

AQSMs/s

LIF  hr-1 SFC M  FOS 1— OUT

— r - — T — 1
243MS/S 48.6 Ms/s 32.4Ms/s !6.2Ms/s

FIGURE 1 0 -  F i l t e r i n g  a r r a n g e m e n t  o f  MUSE s y s te m  ( f o r  lu m in an ce  s i g n a l !  
IN : lu m in a n c e  s i g n a l  I n p u t  
FRF: l n c e r f l e l d  p r e f i l t e r i n g  
VOS: f i e l d - o f f s e t  s u b s a m p l i n g  
LPF: 12 MHz l o w - p a s s  f i l t e r i n g  
SFC: s a m p l i n g - f r e q u e n c y  c o n v e r s i o n  
FOS: f r a m e - o f f s e t  s u b s a m p l i n g  

. OUT: o u t p u t  s i g n a l
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FIGURE 11- Frequency spectrum of MUSE system (for luminance signal)
(a) Input signal
(b) Field-offset sub-Nyquist sampling at 24.3 MHz
(c) Low-pass filtering at 12 MHz
(d) Frame-offset sub-Nyquist sampling
(e) Output signal
(f) Transmissible frequency range of MUSE system

Abscissa: Horizontal spatial frequency (expressed in MHz) 
Ordinate: Vertical spatial frequency

Figure 12 Video signal in TCI format 
HD : line-synchronizing signal G
C : colour-difference signals Y

(line-sequential) 5N
: guard area 
: luminance signal 
: sample number
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The luminance signal la supplied with a sample frequency of 48.6 Hs/s 
( m e g a - s a m p l e s  per second), and the prefiltering described in the orevious section 
is performed. The s a m p le  f r e q u e n c y  o f  t h e  lu m in a c e  s i g n a l  i s  2 4 .3  M s/s  a f t e r  t h e  
f i e l d  o f f s e t  s u b s a m p l i n g .  A lo w - p a s s  f i l t e r  o f  12 MHz i s  a p p l i e d  a s  shown i n  
F i g u r e  1 1 ( c ) .

At the next stage shown in Figure 1 0 ,  a sarapling-frequency conversion 
from 48.6 Ms/s to 32.4 Ms/s is introduced in order to get a final sample rate of
16.2 Ms/s after the frame-offset subsampling.

This frequency arrangement achieves an elimination o f  th e  in te r fr a m e  a l i a s  
component from the frequency range of DC to 4 MHz as shown in Figure 11(e), and 
r e s u l t s  i n  stable operation of the motion detection, with a small amount of 
sacrifice i n  t h e  t r a s m i s s i b l e  r a n g e  a s  shown i n  F i g u r e  1 1 ( f ) . The number cf 
required control signals is thus very small ; just information of the 
subsaapling phase and the motion vector signal (in total,10 bits/field).
5. Signal formats of the MUSE svstem

Figure 12 shows signal composition for the video signal, called TCI 
(Time Compressed Integration), applied in MUSE processing. The compression 
ratio for the colour-difference signal is four with respect to that for the 
luminance signal, and two colour-difference signals are transmitted line- 
sequentially.

B a s i c  v i d e o  c h a r a c t e r i s t i c s  o f  t h e  MUSE s y s t e m  a r e  su m m a r iz e d  i n  
T a b le  X V II .  .

The line-synchronizing signal is shown in Figure 13 (a) and the frame- 
synchronizing signal in Figure 13 (b). The amplitude of these signals does 
not extend beyond the dynamic range of the video signal so as to avoid
a m p l i t u d e  l o s s  due  t o  t h e  s y n c h r o n i z i n g  s i g n a l .

. The control signals, including motion vector, and digital sound/data 
signals are multiplexed into the baseband video signal during the field- 
blanking period as shown in Figure 14. Details of the sound signal
processing in the baseband can be found in [CCIR, 1986-90a], but, _
f o r  t h e  r e a d e r ' s  c o n v e n i e n c e ,  t h e s e  a r e  su m m a r iz e d  i n  T a b l e  X V II I  w i t h  t h e  
f o r m a t  o f  t h e  d i g i t a l  s o u n d / d a t a  s i g n a l s .

• Two modes o f  s c u n d -c h a n n e l  u s a g e ,  A mode and  B mode, a r e  p r o v id e d  w i th
t h e  MUSE s y s t e m ,  a s  f o r  e x i s t i n g  c o n v e n t i o n a l  s a t e l l i t e  b r o a d c a s t i n g  i n  some 
c o u n t r i e s  a s  d e s c r i b e d  i n  R e p o r t  1 0 7 3 .  I n  t h e  A m ode, f o u r  c h a n n e l s  o f  

1$ kHz sou n d  s i g n a l  can  be accommodated w i th  HDTV, and i n  t h e  B m ode, two 20 kHz 
c h a n n e l s .  The b i t - r a t e  r e d u c t i o n  sy s tem s  a r e  s u c c e s s f u l l y  a p p l i e d  t o  th e
d i f f e r e n t i a l  PCM s i g n a l  w i th  1 5 - t o - 8 - b i t  n e a r  i n s t a n t a n e o u s  com panding i n  .............
8 r a n g e s  f o r  t h e  A mode, i o - t o - i l - b i t  and 6 r a n g e s  f o r  t h e  B mode . The r e q u i r e d  
b i t  r a t e  i s  1 350 k b i t / s ,  i n c l u d i n g  some i n d e p e n d e n t  d a t a  i n f o r m a t i o n .

In order Co accomodate such an amount of information with baseband
multiplexing in the field-blanking period, a ternary code is applied, w i t h  a
rate of 12.15 Mbaud.
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TABLE XVII -  S a s i c  v id e o  c h a r a c t e r i s t i c s  o f  MUSE system

Sys tern 
d e s c r i p  t i o n

m o t io n -c o m p e n s a te d  m u l t i p l e  su b sam p lin g  sys tem  
( m u l t i p l e x i n g  o f  Y and C s i g n a l s  i s  done in  TCI form at)

S c a n n in g  r a t e  . 1125 l i n e s /  60 f i e l d s /  2:1  i n t e r l a c e

B an d w id th  o f  t r a n s m i t t ­
in g  b a se b a n d  s i g n a l 8 .1  MHz .

S am p lin g  c l o c k  r a t e 1 6 .2  MHz

R ep ro d u ced  
s i g n a l  
b a n d v id th

Y s i g n a l 22 MHz ( f o r  s t a t i o n a r y  p o r t i o n s  o f  p i c t u r e )  
1A MHz ( f o r  moving p o r t i o n s  o f  p i c t u r e )  *

C s i g n a l s 7 .0  MHz ( f o r  s t a t i o n a r y  p o r t i o n s  o f  p i c t u r e )  
3 .5  MHz ( f o r  moving p o r t i o n s  o f  p i c t u r e )  *

S y n c h r o n iz in g  s i g n a l p o s i t i v e  p o l a r i t y  w i th  r e s p e c t  to  v id e o  s i g n a l  p o l a r i t y

* T hese  values;- sh o u ld  be 16 MHz f o r  Y and A MHz f o r  C r e s p e c t i v e l y ,  
i f  a p e r f e c t : ' d i g i t a l  t w o - d im e n s io n a l  f i l t e r  co u ld  b’e u s e d .

TABLE XVIII -  B a s i e  so u n d  c h a r a c t e r i s t i c s  o f  t h e  MUSE s v s te m

Mode of sound-channel usage A mode B mode
Bandwidth of base band signal 15 kHz 20 kHz
Sampling frequency 32 kHz A8 kHz
Number of sound channels •A 2
Encoding signal differential PCM signal
Companding law 15-to-8 (8 ranges) 16-to-ll (6 ranges)

L e a k a g e  f a c t o r 1 - 2"4 (0.9375)
Sound emphasis. not used
Error correction. BCH SEC DED (82, 7A) 

additional BCH SEC DED (7, 3) for range bits
Capacity of data channel 128 kbit/second 112 kbit/second
Sound and data rate 1350 kbit/second
Transmitting code ternary code
Transmitting period field-blanking period
Symbol rate 12.15 Mbaud
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FIGURE 13 -  S y n c h r o n i s i n g  s i g n a l s
(a) line-synchronizing signal

LN (n): n th line
LN (nfl): (n+1) th line

SN : sample number
Oh : timing reference for line synchronization

(b) frame-synchronizing signal 
' LN : line number

HD : line-synchronizing signal
?p : frame-pulse point
CK : one clock-time duration at 16.2 MHz
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Y

1121
CTL

112S CLP

Figure 14 Signal a llo c a t io n  map 
SN : sample number
HD : line-synchron izing  sign a l
SD : sound and data s ig n a ls
C : co lou r-d ifferen ce  s ig n a ls

( lin e -se q u e n tia l)  
Y : luminance s ig n a l
CLP : clamp le v e l  (128/256)

LN : lin e  number
FI : VITS No. 1 and Frame Pulse No. 1
F2 : VITS No. 2 and Frame Pulse No. 2
C : guard area

CTL : control s ig n a ls  
VAC : vacant
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6.  Q u « s l - c o n a c « n c  luminance  p r o c e s s i n g  I n  a s s o c i a t i o n  w i t h  MUSE sys tem

The i n p u t  s i g n a l s  of R ’ , C \  end  B' ( t h e  • d e s i g n a t e s  gamma
p r e - c o r r e c t e d  s i g n a l s )  a r e  put  i n t o  a c i r c u i t  c a l l e d  I n v e r s e  , Gamma
and c o n v e r t e d  i n t o  t h e  q u a s i - I m e a r  R, G and B s i g n a l s .  B u t ,  a s  i s  w e l l  known, 
t h e s e  R, G a n d  B s i g n a l s  a r e  s u s c e p t i b l e  t o  t r a n s m i s s i o n  n o i s e .

To overcome t h i s  s u s c e p t i b i l i t y ,  n o n - l i n e a r  c i r c u i t s  a r e  i n t r o d u c e d ,  
one i n  t h e  lu m in a n c e  c h a n n e l  I'cr im provem ent o f  s i g n a l - t c - n o i s e  r a t i o  in  d a rk  
r e g i o n s ,  and th e  o t h e r  i n  t h e  c c l o u r - d i f f e r e n c e  c h a n n e l  f o r  im provem ent i n  
r e g i o n s  h a v in g  c o l o u r s  o f  low s a t u r a t i o n .  F i g u r e s  15 and  16 d e p i c t  t h e  non­
l i n e a r i t y  s p e c i f i e d  f o r  t h e  c c l o u r - d i f f e r e n c e  c h a n n e l  and th e  lu m in a n c e  c h a n n e l  
o f  MUSE s y s t e m ,  r e s p e c t i v e l y .  T h is  n o n - l i n e a r i t y  i n t r o d u c e d  f o r  t h e  p u rp o se  o f  
t r a n s m i s s i o n  w i l l  c o m p le te ly  be c o m p en sa ted  a t  t h e  r e c e i v e r  b a c k  t o  t h e  q u a s i -  
l i n e a r  s i g n a l s  m e n t io n e d  above.

7 .  F re q u e n c y  m o d u la t io n  and n o n - l i n e a r  e m c h a s i s  f o r  MUSE sy s te m

When t h e  MUSE s i g n a l  i s  t r a n s m i t t e d  w i t h  f r e q u e n c y  m o d u l a t i o n ,  a
n o n - l i n e a r  e m p h a s is  i s  e f f e c t i v e l y  u s e d .  The c h a r a c t e r i s t i c s  o f  i t  can  be  
d e f i n e d  by  t h e  c o m p o s i t i o n  o f  t h e  d e - e m p h a s i s  c i r c u i t  t o  be  u s e d  i n  r e c e i v e r s .  
An exam p le  i s  shown i n  F ig u r e  1 7 .

F i g u r e  18 shows c h a r a c t e r i s t i c s  o f  t h e  n o n - l i n e a r  p r o c e s s i n g  i n  
F i g u r e  17 . F i g u r e  19 shows f r e q u e n c y  r e s p o n s e  o f  t h e  d e -e m p h a s is  c i r c u i t  
d e f i n e d  i n  F i g u r e  1 7 .

The b a s i c  m o d u la t io n  p a r a m e t e r s  f o r  t h e  s a t e l l i t e  b r o a d c a s t i n g  o f  
MUSE w i t h i n  a 27 MHz c h a n n e l  a r e  g iv e n  i n  T a b le  XIX,

8. MUSE a p p l i c a t i o n s

T e c h n ic a l  c o n s i d e r a t i o n s  and some r e s u l t s  o f  a p p l i c a t i o n  t o  a  
s a t e l l i t e  b r o a d c a s t i n g  s y s t e m  can  be  fo u n d  i n  [CCIR , 198 o -9 0 b  and c ] .
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FIGURE 15 “ C h a r a c t e r i s t i c s  o f  n o n - l i n e a r  c i r c u i t  f o r  t r a n s m i s s i o n
- o f  c o l o u r - d l f f e r e n c e  s i g n a l s

A b s c i s s a :  I n p u t  l e v e l  X
O r d i n a t e :  Ou tp u t  l e v e l  Y

‘ Only  th e  p o s i t i v e  h a l f  of  t h e  c u r v e  i s  shown i n  t h e  F i g u r e .
The n e g a t i v e  h a l f  i s  sy m m e t r i c a l  t o  i t  w i t h  r e s p e c t  t o  the  o r i g i n .
The c u r v e  i s  d e f i n e d  as f o l l o w s  when t h e  s i g n a l  l e v e l  i s  n o r m a l i z e d  
t o  u n i t y :

Y -  ( 5 /3 ) X  . . . . f o r  s e c t i o n  0 -  A
Y -  -  ( 4 8 / 1 1 )X + (67 /33 )X  -  ( 1 / 1 3 2 )   f o r  s e c t i o n  A -  B
Y ■ ( 3 1 /3 3 )X  + ( 2 / 3 3 )  . . . . f o r  s e c t i o n  B -  C

FIGURE 16 -  C h a r a c t e r i s t i c s  of  n o n - l i n e a r  c i r c u i t  f o r  t r a n s m i s s i o n
o f  lu m i n a n c e  s i g n a l  

A b s c i s s a :  I n p u t  l e v e l  X
O r d i n a t e :  O ut pu t  l e v e l  Y

The c u r v e  l s  d e f i n e d  as f o l l o w s  when t h e  s i g n a l  l e v e l  l s  n o r m a l i z e d  
t o  u n i t y :

X -  ( 3 / 5 ) Y  +  ( 2 / 5 )Y



R e p . 1 0 7 5 - 1 133

OUT

FIGURE 17 - An example of dt-emphasls circuit to be used in the receiver
IN : input signal
NP : non-linear process (see Figure 18 )
D : one-clock delay element at 16.2 MHz
ADD: . adder
OUT: output signal

. OUT

FIGURE 18 ~ Characterlstlca of non-linear process placed before d e -e m p h a s is
shown in Figure 17

IN : input signal level
OUT: output signal level

The curve ls defined as follows: 
straight line with a gradient of 1/2 .....for section 0 - A
elliptic curve with gradients 1/2 at A, 5/2 at B  for section A “ B
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FIGURE 19 - Frequency response of de-emphasis shown In Figure 17 
Abscissa: Frequency (MHz)
Ordinate: Response (normalized value)



R e p .  1 0 7 5 - 1
134

TABLE XIX -  M o du la tion  p a r a m e te r s  f o r  MUSE

Nominal video signal bandwidth (MHz) 8.1
Nominal channel bandwidth (MHz) 27
Visi-on aignal modulation FM
Sound and data signal modulation- Ternary PCM multiplexing in 

field-blanking period
Symbol rate (Mbaud) 12.15
Sound and data rates (Mbit/s) 1.35
Polarity of frequency modulation Positive
DC component Preserved
Frequency deviation (MHz) 10.2
Pre-emphasis characteristics Non-linear emphasis 

[Ninomiya, ec a1, 1987]
Energy dispersal (kHz) 600

Triangular frame synchronous 
waveform

REFERENCES

NINOMIYA, Y. e t  a l . [ 1987] -  C o n cep t  o f  MUSE sy s te m  and  i t s  p r o t o c o l ,
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THE HDMAC COMPATIBLE HDTV SATELLITE BROADCASTING SYSTEM
ANNEX I I I

1. Design consideration
HDMAC is designed to allow the introduction of HDTV on existing 

MAC/packet systems, or directly as a new service. [CCIR, 1986-90a, b] 
describe the design considerations of HDMAC bandwidth reduction.

These include the performance of the system with respect to the 
received HDTV picture quality, the full utilization of current 
technological capabilities, the feasibility of system development as 
technology advances, and the economic viability and suitability of the 
system with respect to its adoption, and subsequent use, by broadcasters 
and viewers. As a consequence, receiver manufactures can produce and 
market HDMAC receivers as an extension to their product range, without 
making existing products obsolate. Additionally, the HDMAC product range is 
broadened by the potential for display up-conversion. The use of DATV 
significantly reduces the complexity of HDMAC decoders, and therefore their 
cost; and makes their behaviour uniform, regardless of channel distortions.

HDMAC is optimized to allow HDTV services on WARC-BC-77 emission 
channels, while preserving the compatibility with the MAC/packet
system. These"constraints involve the EUREKA 95 project in global tradeoffs 
between the receiver complexity, the quality of the high definition 
picture generated with the 1250 line/50 field scanning standard, and the 
quality of the compatible picture viewed on domestic MAC/packet receivers.

This system is designed to employ spectrum folding, subsampling and 
m otion  a d a p t a t i o n  to preserve the resolution of both static and tracked 
motion for high-definition reception [Hurault, et.al.. 1988].

2. Svstem description
The specification in Europe of a high-definition television system 

(HDTV) , studied in the context of the European EUREKA 95 project, is based 
for its complete description, on the specification of the MAC/packet family 
which is presented in Report 1073 [CCIR, 1986-90c],

The time division multiplex is used for picture/sound/data 
multiplexing for HDMAC transmissions which include two members of the 
MAC/packet family: D-HDMAC/packet and D2-HDMAC/packet systems. These two 
systems are suited for use in satellite broadcasting and any transmission 
medium which guarantees a baseband of about 11 MHz. In addition, to improve 
the noise performance, non-linear pre-emphasis is used (see Section 2.6).

2.1 Structure of the multiplex

The structure of the multiplex is based on a 40 msec digital frame 
which contains 625 lines of 624 us each. The multiplex is composed of three 
main components (see Figure 20):
- the HDMAC vision signal;
- the line blanking interval (LBI) data burst, which carries the s o u n d / d a t a  

multiplex;
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- the field blanking interval (FBI) data burst, which carries the DATV/data 
multiplex.
2.2 Sound

Sound i3 coded according to the MAC/packet specification. The 
available capacity in the LBI is equivalent to four high-quality or eight 
medium-quality sound channels compatible with MAC/packet for the D2 system 
and eight high-quality or sixteen medium-quality sound channels compatible 
with MAC/packet for the D system.
2.3 Vision

Document [CCIR, 1986-90d] gives the baseband characteristics 
(summarised in Table XX). The modulation parameters of the emitted HDMAC 
signal are given in Table XXI.
2.4 General video characteristics of the HDMAC vision signal

See T a b le  XX.

2.5 Bandwidth reduced signal .

Multi-branch coding is used for HDMAC band reduction [Vreeswijk, 
et al.. 1988; Arragon, et al.. 1988; Pele and Choquet, 1988].

[CCIR, 1986-90a] reports on the subjective assessments that were 
performed by five laboratories throughout Europe and that led the Eureka EU 
95 project to select the final HDMAC bandwidth reduction system. Seven 
candidates' algorithms were evaluated. Eight scaled-down moving picture 
sequences were used covering a range of possible source material 
(originated in 1250- and 625-line interlaced video cameras, 25 and 50 
pictures/sec. film) . For the tests a double stimuluse method was used with 
continuous graphical quality-scaling (in line with CCIR methods). The 
ranking order for the seven algorithms was generally the same for each of 
the five laboratories that undertook the tests and there was a high degree 
of correlation for the quantative differences between the mean grades. The 
results gave confidence in the method and the validity of the ranking 
order.

The HDMAC BR c o d e c  u s e s  t h r e e  lu m in a n c e  c o d i n g  b r a n c h e s ,  a l l  w i t h  
q u in c u n x  s u b s a m p l in g  l a t t i c e s ;

- an 80 msec branch with HD resolution for stationary areas;

- a 40 msec motion compensated branch for velocitites up to 12
samples per 40 msec.
- a 20 msec branch for rapid motion and sudden picture changes except
when in 25 picture/sec. film mode.
The transmissible range of spatial frequency is given in Figure 21 

for all modes. To carry the information contained in a 120 line HD system 
through a 625 line MAC/packet channel, a process, termed "shuffling", is 
used.
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T A B L E  XX

General v ideo characterise lea of -che HP MAC vision signal

Number of emitted lines per picture : 625
Number of fields per second : 50
Interlace ratio: 2:1
Analog bandwidth approximately: 11 MHz1
Aspect ratio: 16:9 (associated with panning 

information for compatible 
4:3 displays).

Compression ratios
luminance: 3:2
color difference: 3:1

Sampling frequency: 20.25 MHz2

High definition reception: 
Luminance resolution 

horizontal
static and tracked motion : 620 c/apw^
untracked motion: 310 c/apw

vertical
static: 400 c/apw^
motion : 200 c/apw

Compatible reception:
Samples per active lines

luminance: 697
color difference: 349

Note 1 : Allowing for practicable Nyquist filter 
Note 2 : Conventional MAC sampling frequency 
Note 3 : Cycles per active picture width/picture height

TABLE XXI
HDMAC m o d u l a t i o n  p a x a m e te r a  f o r  DBS

Nominal vision signal bandwidth : 10.125 MHz a t-3 dB
Nominal channel bandwidth: 27 MHz
Modulation : FM
Polarity of frequency modulation : positive
DC component: preserved
Pre-emphasis characteristics: non linear process applied only to 

HDMAC samples and linear 
applied to all the multiplex (same 
as for MAC)

Frequency deviation: 13.5 MHz at the cross-over
frequency of the linear pre-emphasis 
network (1.37 MHz).

Energy dispersal: triangular frame synchronous 
waveform (corresponding carrier 
deviation : 600 kHz peak-to-peak)

7
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The 40 msec branch is, motion compensated. One motion vector is 
emitted for each block of 16 samples by 16 lines on the HD grid via the 
DATV data.

The HDMAC BR codec uses three colour-difference coding branches, the 
first and third using a quincunx, the second an orthogonal subsampling
lattice: *

- an 80 msec branch with HD resolution for stationary areas;
- a 40 msec branch for rapid motion and sudden picture changes;
- a 20 msec branch for rapid motion and sudden picture changes,
except when in 25 picture/sec. film mode.
The transmissible, range of spatial frequency is given in Figure 22 

for all the modes. Intra—field shuffling is used for the 80 and 20 msec 
branches and inter-field for the 40 msec branch.

A film mode option is implemented, which only activates the 80 and 40 
msec branches. In this way maximum benefit is taken from the knowledge that 
25 picutres/sec. film is the source material.

The branch selection information is conveyed, after formatting by the DATV 
data [Storey, 1986].

DATV information that contains the branch switching signal allows for 1700 
possibilities, coded in 11-bit-long codewords. The five route/80 msec period 
coding results in a bit rate of 891 kbit/s. The colour-difference switching 
information is derived from the luminance DA data.

Compatibility improvement for edge crawling in stationary areas is done by 
vertical intra-field filtering, with an attenuation of 6 dB.
2 .6  E7 c o m p a t ib l e  n o n - l i n e a r  p r e / d e - e m p h a s i s  n e tw o rk  exam ple

Here a short description of E7 is given. The full description is given in • 
Report 1074 [CCIR, 1986-90e}.

"E7" is a non-linear pre/de-emphasis which has been designed to provide 
noise and interference improvement without any threshold degradation. E7 is a 
frequency dependent instantaneous compander system. It is "compatible" in the 
sense that it has no effect at. low video frequencies, so the deviation sensitivity 
of the FM signal is not affected. E7 may be implemented in either analogue or 
digital form.

In E7, the high frequency components above 2 MHz of the signal are passed 
through a non-linear network. The non-linearity is defined in Figure23. The pre­
emphasis network is described by Figures 24 and 25.
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T ransm i s s i b 1 e _ r a n g e  i n  s p a t i a l  f r e q u e n cy  do m a in  
f o r  t h e  l u m i n a n c e s a m p l i n g  p a t t e r n s

[a) 80 ms mods b) 40 as mods ,c) 20 ms mods

90 180 270 360(cpw) ^
FIGURE 22

The t r a n s m i s s i b l e  r a n g e  o f  t h e  c o l o u r - d i f f e r e n c e 
s p a t i a l  f r e q u e n c y  s p e c t r u m

’al 80 ms moos
h \ 40 ms mods ,c; 20 ms mods
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FIGURE 23 

N o n - l i n e a r  f u n c t i o n  N ^
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I :  d e - e m p h a s i s  n e tw o r k  
F: low p a s s  f i l t e r  
G: g a in  o f  a m p l i f i e r  >> 1 
e :  e r r o r  s i g n a l

FIGURE 24 

A nalogue p re - e m p h a s i s  c o n f i g u r a t i o n

A : a d d e r  
T : d e l a y  e le m e n t  
F _ ^ t  low p a s s  f i l t e r  
N : n o n - l i n e a r  f u n c t i o n

FIGURE 25

E7 d e -e m p h a s is  b lo c k  d ia g ra m
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ANNEX IV

SYSTEMS UNDER DEVELOPMENT IN NORTH AMERICA

1. HDS-NA s a t e l l i t e  s i g n a l :  AN HDTV MAC f o r m a t  f o r  FM e n v i r o n m e n t s

1 .1  I n t r o d u c t i o n

FM e n v i r o n m e n t s  s u c h  a s  s a t e l l i t e  a n d  t a p e  r e c o r d i n g  p r e s e n t  c r i t i c a l  
l i n k s  f o r  HDTV t e l e v i s i o n  d i s t r i b u t i o n  i n  N o r th  A m e r ic a .  I n  a d d i t i o n  t o  e x i s t i n g  
f i x e d - s a t e l l i t e  s e r v i c e  (FSS) t r a n s m i s s i o n  o f  program m e m a t e r i a l  t o  b r o a d c a s t  
s t a t i o n s  a n d  c a b l e  h e a d - e n d s ,  t h e r e  i s  a l s o  t h e  p o t e n t i a l  t o  i n t r o d u c e  
s a t e l l i t e s  i n  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  (B S S ) .  I t  h a s  b e e n  d e m o n s t r a t e d  
t h a t  M u l t i p l e x e d  A n a lo g u e  Component (MAC) s i g n a l  f o r m a t s  h a v e  s i g n i f i c a n t  
a d v a n t a g e s  o v e r  f r e q u e n c y  m u l t i p l e x e d  ( i n t e r l e a v e d )  f o r m a t s  ( e . g .  NTSC) when 
t r a n s m i t t e d  o v e r  FM s a t e l l i t e  l i n k s .  H ow ever,  MAC f o r m a t s  a r e  n o t  a p p r o p r i a t e  
f o r  HDTV t e r r e s t r i a l  b r o a d c a s t i n g ,  o r  c a b l e  d i s t r i b u t i o n  i n  t h e  U n i t e d  S t a t e s  
b e c a u s e  o f  t h e  n e e d  t o  b e  c o m p a t i b l e  w i t h  t h e  e x i s t i n g  NTSC (S y s te m  M) f o r m a t .  
W ith  t h e s e  c o n s t r a i n t s  i n  m in d ,  a  p a i r  o f  HDTV s i g n a l  f o r m a t s  ( d e n o t e d  " a ) "  a n d  
" b ) "  b e lo w )  c a l l e d  HDS-NA, h a s  b e e n  p r o p o s e d  i n  t h e  U n i t e d  S t a t e s  f o r  s a t e l l i t e  
t r a n s m i s s i o n .  They  a r e  optim um  i n  t r a n s m i s s i o n  a n d  e m i s s i o n  o f  HDTV p ro g ra m m in g ,  
w h i l e  p r o v i d i n g  e a s e  o f  t r a n s c o d i n g  t o  e a c h  o t h e r ,  a n d  t o  NTSC, b y  u s e  o f  common 
b a s e b a n d  p a r a m e t e r s .  T h i s  a n n e x  d i s c u s s e s  t h e  HDS-NA s a t e l l i t e  s i g n a l  f o r  u s e  i n  
a n  FM e m i s s i o n  a n d  t r a n s m i s s i o n  e n v i r o n m e n t .

1 .2  HDS-NA s i g n a l

The r e q u i r e d  HDTV s o u r c e  s i g n a l  t o  t h e  HDS-NA e n c o d e r  s u p p o r t s  a  d u a l
f o r m a t :

a )  p r o g r e s s i v e  ( 1 : 1 ) : 5 2 5 - l i n e s ; 1 6 :9  a s p e c t  r a t i o ;  5 9 .9 4  Hz f ra m e
r a t e ; o r

b )  i n t e r l a c e  ( 2 : 1 ) : 1 0 5 0 - l i n e s ; 1 6 :9  a s p e c t  r a t i o ;  5 9 .9 4  Hz f ra m e
r a t e .

The c h o i c e  b e tw e e n  i n t e r l a c e d  a n d  p r o g r e s s i v e  s c a n n i n g  may d e p e n d  on  
t h e  a p p l i c a t i o n :  i n t e r l a c e d  f o r  s t a t i o n a r y  im a g e r y ,  o r  im a g e r y  c a p t u r e d  a t  low  
t e m p o r a l  r a t e s  ( e . g .  24 f r a m e s  p e r  s e c o n d ) ;  a n d  p r o g r e s s i v e  f o r  op tim um  m o t io n  
p o r t r a y a l .  The f o l l o w i n g  s i g n a l  p a c k a g i n g  d e s c r i p t i o n  i s  b a s e d  o n  a  5 2 5 - l i n e ,  
p r o g r e s s i v e  s o u r c e .  When t h e  s o u r c e  i s  1050 l i n e s ,  i n t e r l a c e d ,  a  s p a t i a l l y  
c o r r e c t  5 2 5 - l i n e  s c a n  i s  g e n e r a t e d .

As i n  a l l  HDTV s y s t e m s  w i t h  l i m i t e d  bandwidth* HDS-NA a p p l i e s  a 
s u b s a m p l i n g  t e c h n i q u e  t o  r e d u c e  i n f o r m a t i o n  c o n t e n t .  L i n e a r  
s u b s a m p l i n g *  e m p l o y e d  i n  HDS-NA* p r o v i d e s  h i g h - q u a l i t y  m o t i o n  
r e n d i t i o n  and  a h i g h - r e s o l u t i o n  p i c t u r e  a c h i e v e d  w i t h  an  
i n e x p e n s i v e  d e c o d e r .  I t  a l s o  p r o v i d e s  e x p a n d a b i l i t y  o f  
r e s o l u t i o n .  I f  m ore  b a n d w i d t h  i s  n e c e s s a r y  f o r  h i g h - q u a l i t y  
a d v a n c e d  t e l e v i s i o n  s y s t e m  (ATV) a p p l i c a t i o n s *  t h e  h o r i z o n t a l  
r e s o l u t i o n  o f  t h e  HDS-NA s a t e l l i t e  s i g n a l  c a n  b e  e x t e n d e d  
g r a c e f u l l y  w i t h o u t  r e n d e r i n g  o b s o l e t e  t h e  f o r m a t  or  e x i s t i n g  
r e c e i v i n g  eq ui pm en t .  I f  memory i s  us ed  i n  t h e  decoder* d i a g o n a l  
r e s o l u t i o n  can be  i n c r e a s e d .
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When the source signal is 525-lines progressive, alternate fines are replaced by a Line 
Difference signal containing information for increased vertical resolution. A similar signal, the 
Line Subtraction signal, is generated when the source is 1050-lines Interfaced. This is done in 
parallel with an initial scan conversion from 1050 interlace to 525 progressive scan. The 
conversion uses an algorithm optimally designed to provide subsequent conversion capability to 
525 interlace scan for NTSC without generating artifacts.

The HDS-NA s a t e l l i t e  s i g n a l  unique packaging format fiivofving time expansion and 
compression. A 127.11 usee asuperiinea of twice the duration of one NTSC line is fiffri to 
assemble a block of eight video and data packets. The •superframe", 525 superiines. has 
elements from four consecutive 59.94 Hz fields, equivalent in duration to four NTSC fields.

S o u r c e : 5 2 5 - l i n e  p r o g r e s s i v e

The L in e  D i f f e r e n c e  (LD) s i g n a l  i s  d e r i v e d  f ro m  c o n t r i b u t i o n s  f ro m  
t h r e e  a d j a c e n t  l i n e s .  R e f e r r i n g  t o  F i g u r e  2 6 ,  s o u r c e  l i n e  S2 i s  r e p l a c e d  b y  LD2 
i n  t h e  e n c o d e d  s i g n a l .  The r e l a t i o n s h i p  b e tw e e n  LD a n d  t h e  s o u r c e  l i n e  i s

LDn ■ Sn - (Sn.j ♦ Sn+iJ/2 

On receipt of the HDS-NA transmission, reconstruction of the source line is accomplished by

Sn * + (Sn-1 ♦ Sn+i)/2

S o u r c e : 1 0 5 0 - l i n e  i n t e r l a c e d

When the source is 1 0 5 0 -line Interlaced, the construction of the superfine requires fcat 
first a  spatially correct 525-line progressive scan be generated lor ease  of transcodabBQr Jo 
the NTSC compatfole terrestrial/cable emission signal. Two operations ere performed. Ffcst. a  
525 fine progressive scan Is developed from every field of the 1050-line interlaced sfgnaL 
Referring to Figure 27.the odd source lines S1( S3 , S5 . . . .  of Field 1 are transformed 10 

progressive lines P1( P3. P5, . .  • and even source fines S2 . S4, Sfr. ...to progressive fines P*. 
P4, P6. . . .b y  the relationship .

Pn m (1/4 )S2 n-i + ( S ^ ^ + i  Odd source lines

p ne- (3/4)S2 n ♦ ( IM JS ^ g  Even source lines

In addition, a  line-subtraction (LS) signal is derived from the 1050-line Interlaced source. The 
relationship between the source Ones and the LS signal is

LSfu* S2 r>-3 * S21VI Odd source lines

t-Snc" §2 n ’ San-2  Even source fines
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SOURCE FIELD

■LD,

LD/

■LDe

525 LINES 
EACH 1 / 5 9 . 9 4 t h  SECOND

F i g u r e  2 6 .  HDS-NA s a t e l l i t e  s i g n a l  - S c a n n in g  g e o m e t r y  f o r  5 2 5 - l i n e  
p r o g r e s s i v e  s o u r c e .

SOURCE FIELD 1 SOURCE FIELD 2

525 LINES 
EACH 1 / 5 9 . 9 4 t h  SECOND

525 LINES 
EACH 1 / 5 9 . 9 4 t h  SECOND

F i g u r e  27 . HDS-NA s a t e l l i t e  s i g n a l  - S c a n n in g  g e o m e t r y  f o r  1 0 5 0 - l i n e  
i n t e r l a c e d  s o u r c e .
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In transmission, the luminance signals P1t LSg. P3 . LS4. P5, LS6 . . . .  form a progressively 
scanned frame requiring the same channel capacity as the 525-line progressive signal described 
previously, followed by a frame P2 . LS3 , P4, LS5, P6, LS7 . . After reception, the 1050-line 
interlaced signal is reconstructed by the relationship

Sn -  (3/4)LSn+1 - P n

The exact algorithm for scan conversion when the source is 1050-tine interlaced may evolve 
as further evaluation of the system takes place.

1 . 2 . 1  HDS-NA s u p e r l i n e

For both 525- line progressive source, and 1050-line interlaced source converted to 
spatially correct 525-iine progressive scan, the packets in the superfine are as shown in Figure 
28, and are described below:

Y-j -Luminance signal of Line 1. carrying 280 lines/PH of resolution, horizontally
filtered to a bandwidth of 9.54 MHz

Y3 -Luminance signal of Line 3. carrying 500 ljnes/FH of horizontal resolution
expanded by 16.*9 ratio to obtain frequency compression to 9.54 naz.

LD2 /LS2  -Luminance Line Difference component, in place of Line 2. carrying 140 
lines/pw horizontal information, derived from the horizontally filtered source 

line minus the average of the two adjacent lines. This packet, vertically high-pass 
filtered and horizontally low-pass filtered for vertical resolution enhancement, 
is compressed 2:1

LD4/LS4  -Similar to LD2  or LS2. in place of Line 4.

I -Matrlxed color component vertically decimated 4:1, with 140 lines/PB
horizontal resolution at 59.94 Hz.

Q -Matrixed color component vertically dedmated 4:1, with 70 i±nes/BH horizontal
resolution at 59.94 Hz.

DSS -Digital Sync and Sound and condWonal access information of 8 .2  usee duration.
Conservatively, the data rate can be 1.375 Mbit/s. As an example, foe DSS can 
support an existing encoding system providing four 243 k b it/s  audio channels 
and 403 k b it/s  for conditional access and other services. Digital 
synchronization, using correlation techniques, require* 1®** than 1 k b it/s .

Clamp -Grey level damp psriod

The s u b s c r i p t s  r e l a t e  t o  t h e  l o c a t i o n  o f  e a c h  a s s e m b l e d  p a c k e t  i n  t h e  f o u r  
f o u r  f i e l d  s e q u e n c e  o f  t h e  s u p e r  f r a m e .  T a b l e  XXII l i s t s  t h e  c h a r a c t e r i s t i c s  o f  
e a c h  p a c k e t .  The s u p e r l i n e  o c c u p i e s  a  b a s e  b a n d w i d t h  o f  9 . 5 4  MHz, w h ic  c a n  
i n t o  a  24 MHz o r  27 MHz s a t e l l i t e  c h a n n e l .
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Figure 2 8 . HDS-NA Satellite Signal • Superline, showing the 
position of the video and data packets

T a b l e  X X II-  C h a r a c t e r i s t i c s  o f  HDS-NA s a t e l l i t e  s i g n a l  c o m p o n e n ts

CCMPCNB/T
COMPRESSOR

RATO

DURATDN

(usee)

BASSAND FREQUENCY

Before . 
Compression 

(MHz)

After
Compression

(MHz)

Y1 1:1 26 9.54 9.54

Y3 9:16 46.2 16.8 9.54

l d 2 l s 2 2:1 13 4.75 9.54

l d 4 l s 4 2:1 13 4.75 9.54

I ’ 2:1 13 4.75 9.54

Q 4:1 6.5 2.375 9.54

DSS 6.2

Clamp 1.2
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1 .3  HDS-NA s p e c t r u m

F o r  t h e  c a s e  o f  a  5 2 5 - l i n e  p r o g r e s s i v e  s o u r c e ,  t h e  t w o - d i m e n s i o n a l  
s p e c t r a l  d i s t r i b u t i o n  o f  t h e  e n c o d e d  s i g n a l  i s  shown i n  F i g u r e  29 . The 
lu m in a n c e  h o r i z o n t a l  r e s o l u t i o n  i s  500 l i n e s / P H  w i t h  480 a c t i v e  l i n e s  d e l i v e r e d  
a t  a  5 9 .9 4  Hz r e f r e s h  r a t e .  Some o f  t h e  d i a g o n a l  d e t a i l s  a r e  r e f r e s h e d  a t  
r e d u c e d  r a t e s ,  2 9 .9 7  Hz a n d  1 4 .9 8  Hz. I n  a d d i t i o n ,  t h e  s y s t e m  d e l i v e r s  f o u r  
c h a n n e l s  ( tw o  s t e r e o  p a i r )  o f  n e a r  CD q u a l i t y  so u n d  a n d ,  i n  a d d i t i o n ,  
c o n d i t i o n a l  a c c e s s  c o n t r o l  i n f o r m a t i o n .

F i g u r e  30 g i v e s  t h e  t w o - d i m e n s i o n a l  s p e c t r a l  d i s t r i b u t i o n  when a  1050- 
l i n e  i n t e r l a c e d  s o u r c e  i s  u s e d .  The v e r t i c a l  r e s o l u t i o n  i s  n o m i n a l l y  680 l i n e s ,  
an d  t h e  d i a g o n a l  r e s o l u t i o n  i s  r e d u c e d .  The am ount o f  d a t a  d e l i v e r e d  f o r  so u n d  
an d  c o n d i t i o n a l  a c c e s s  i n f o r m a t i o n  i s  t h e  same a s  a v a i l a b l e  when a  5 2 5 - l i n e  
p r o g r e s s i v e  s o u r c e  i s  u s e d .

The HDS-NA s a t e l l i t e  s i g n a l  e n c o d e r  a n d  d e c o d e r  h a r d w a r e  h a v e  b e e n  
c o n s t r u c t e d  a n d  t h e  p r o c e s s e d  s i g n a l  h a s  b e e n  d e m o n s t r a t e d  a t  b a s e b a n d .  
S a t e l l i t e  t e s t i n g  b e g a n  i n  l a t e  1989 .

Vertical
Resolution
(lines/EH)

4 8 0

2*0

120

Lin* Differential (LO) signal component 
tor the transmission ol high frequency 
vertical detail

Interlacing Contribution

50.04 Hx 
High resolution vertical 

and horizontal detail

140 210 soo Horizontal Resolution
it* MHz (lines/PH)

LUMINANCE . C fl SPECTRUM

F i g u r e  29 . HDS-NA s a t e l l i t e  s i g n a l  - s p a t i a l  s p e c t r u m  d i s t r i b u t i o n  
S o u rc e  s i g n a l  i s  p r o g r e s s i v e  ( 1 : 1 ) ,  5 2 5 - l i n e s ,
1 5 :9  a s p e c t  r a t i o ,  5 9 .9 4  Hz f ra m e  r a t e .
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Figure 30.

V e r t i c a l
Resolution

LOMZKANCE (Y) SPECTRUM

HDS-NA s a t e l l i t e  s i g n a l  - s p a t i a l  s p e c t r u m  d i s t r i b u t i o n  
S o u r c e  s i g n a l  i s  i n t e r l a c e  ( 2 : 1 ) ,  1 0 5 0 - l i n e s ,
1 6 :9  a s p e c t  r a t i o ,  5 9 .9 4  Hz f i e l d  r a t e
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2 . HDB-MAC: a n  HDTV f o r m a t  d e s i g n e d  f o r  s a t e l l i t e  t r a n s m i s s i o n  a n d  e m i s s i o n

2 . 1  I n t r o d u c t i o n

The HDB-MAC system is primarily intended for conditional-access 
satellite transmissions, but will also pass through cable systems and other media, if required.
HDB-MAC employs a time-multiplex of luminance and chrominance to 
avoid cross-color and cross-luminance. The signal requires a 
converter which generates an NTSC output for display on NTSC receivers.

HDB-MAC em p lo y s  a  5 2 5 - l i n e ,  2 : 1  i n t e r l a c e d  f o r m a t  f o r  t r a n s m i s s i o n  
a l l o w i n g  s i m p l e  c o n v e r s i o n  t o  NTSC f o r  non-HDTV r e c e i v e r s .  (An e q u i v a l e n t  s y s te m  
c a n  a l s o  b e  d e f i n e d  f o r  u s e  i n  a  6 2 5 - l i n e  e n v i r o n m e n t . )  HDTV d e c o d e r s  em ploy  an  
a d a p t i v e  f i e l d - s t o r e  s c a n - c o n v e r t e r  t o  a c h i e v e  a  5 2 5 - l i n e ,  s e q u e n t i a l - s c a n  
d i s p l a y .  S i n c e  HDTV s e t s  w i l l  h a v e  t o  accom m odate  NTSC i n p u t s ,  i t  i s  r e a s o n a b l e  
t o  a s su m e  t h a t  t h e  i n t e r l a c e d / p r o g r e s s i v e  s c a n - c o n v e r t e r  w i l l  b e  i n c o r p o r a t e d  i n  
a l l  HDTV s e t s .  T h i s  m e th o d  a c h i e v e s  a  v e r t i c a l  r e s o l u t i o n  o f  480 l i n e s  p e r  
p i c t u r e  h e i g h t  ( l i n e s / p h )  f o r  s t a t i c  a r e a s  o f  t h e  p i c t u r e ,  a n d  320 l i n e s / p h  i n  
m o v in g  a r e a s .

HDB-MAC employs sub-Nyquist spectrum folding to trade diagonal 
resolution for increased horizontal resolution. The processing 
requires the use of line-memories (not field memories). This 
technique achieves a horizontal definition of 535 lines/oh
f o r  b o t h  s t a t i c  a n d  d y nam ic  a r e a s  o f  t h e  p i c t u r e .  The b a s e b a n d  6 dB b a n d w id th  o f  
t h e  HDB-MAC s i g n a l  i s  1 0 .7  MHz. F o ld e d  e n e r g y  (o n  t h e  d i a g o n a l )  o c c u r s  o n l y  
a b o v e  7 MHz, so  t h a t  a  s i m p l e  (non-HDTV) d e c o d e r  c a n  rem ove  i t  u s i n g  a  l o w - p a s s  
f i l t e r  ( s e e  F i g u r e  3 1 ) .

The s y s t e m  a l l o w s  f o r  d i s p l a y  i n  e i t h e r  1 6 :9  o r  4 : 3  a s p e c t  
r a t i o . (Non-HDTV d e c o d e r s  s e l e c t  a  c e n t r a l  4 : 3  s e g m e n t  o f  t h e  p i c t u r e ,  u n d e r  p a n ­
s c a n  c o n t r o l ,  a n d  c o n v e r t  i t  t o  NTSC.

HDB-MAC h a s  a  l i n e  m u l t i p l e x  a s  shown i n  F i g u r e  32 . The d a t a  s e g m e n ts  
o f  t h e  s i g n a l  c a r r y  s i x  d i g i t a l  a u d i o  c h a n n e l s ,  a s  w e l l  a s  t e x t  a n d  d a t a .  The 
d a t a  m u l t i p l e x  a n d  t h e  c o n d i t i o n a l  a c c e s s / s c r a m b l i n g  s y s t e m s  a r e  i d e n t i c a l  t o  
t h e  B-MAC s y s t e m  d e s c r i b e d  i n  R e p o r t  1073 a n d  i n  t h e  CCIR S p e c i a l  P u b l i c a t i o n  
" S p e c i f i c a t i o n s  o f  t r a n s m i s s i o n  s y s t e m s  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e " .

One of tho major advantages of HDB-MAC is the low cost of the 
decoder. The use of 2-dimensional spectrum folding to increase 
horizontal definition requires only line-store signal processing.
The total gate-count for this part of the receiver, including all 
other B-MAC functions (audio, test, data and condi tional-access) 
is 450 ,000 gates. ;
The use of field-store scan-conversion to extend vertical resolu­
tion incuxs a requirement for at least a single field-store in 
the TV set. But such a field-store will invariably be present in 
HDTV receivers to allow the set to accept non-HDTV, NTSC inputs.
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CLOCK PERIODS AT 13651

\  HBI DATA
1 *| CONTROL,

COLOUR
DIFFERENCE LUMINANCE

"  2 3 4  
AVERAGE

37 5 7 5 0

TRANSITION

PERIOD

NOTES:
( a )  IN AN UNSCRAMBLED LINE: THE NUMBER OF USEFUL DATA SYMBOLS IS  51 .

(b )  IN AN UNSCRAMBLED LINE: THE POSITION OF THE BURST IS AS SHOWN ABOVE.

( c )  IN A SCRAMBLED LINE: THE NUMBER OF USEFUL DATA SYMBOLS MAY VARY IN THE 
RANGE 4 3 - 5 9 .

(d )  IN A SCRAMBLED LINE: THE BURST MAY BE POSITIONED PSEUDORANDOMLY AMONG THE 
USEFUL DATA SYMBOLS.

FIGURE 32 

B-MAC l i n e  m u l t i p l e x
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The system allows for a wide range in the quality of the decoder 
and the display standard. CRTs and projection systems may ope­
rate with the following display standards:

4:3 525-line 2:1 interlace
4:3 525-line 1:1 progressive
16:9 525-line 2:1 interlace
16:9 525-line 1:1 progressive.

The HDB-MAC s y s t e m  i s  b a s e d  on ,  a n d  i s  a n  e x p a n s i o n  o f ,  t h e  f u l l y
d e v e l o p e d ,  c o m p l e t e l y  t e s t e d ,  o p e r a t i o n a l  B-MAC s y s t e m .  The B-MAC s y s t e m  h a s  
b e e n  s e l e c t e d  f o r  d o m e s t i c  u s e  i n  A u s t r a l i a ,  an d  o v e r  100 s a t e l l i t e  c h a n n e l s  a r e  
now o p e r a t i n g  w o r l d - w i d e .

The HDB-MAC s y s t e m  h a s  b e e n  d e m o n s t r a t e d  i n  t h e  U n i t e d  S t a t e s  a t  b o t h  
t h e  1989 C o n f e r e n c e  o f  t h e  N a t i o n a l  A s s o c i a t i o n  o f  B r o a d c a s t e r s  a n d  t h e  
1989 C o n f e r e n c e  o f  t h e  N a t i o n a l  C a b le  T e l e v i s i o n  A s s o c i a t i o n .  An e x p e r i m e n t a l  
HDTV n e tw o r k  u s i n g  HDB-MAC was s c h e d u l e d  t o  b e g i n  o p e r a t i o n  i n  N o r t h  A m e r ic a  i n  
t h e  f a l l  o f  1989 .

2 . 2  S y s te m  c h a r a c t e r i s t i c s

2 . 2 . 1  C o m p a t i b i l i t y

HDB-MAC r e q u i r e s  a  s a t e l l i t e  t r a n s p o n d e r  h a v i n g  a  b a n d w i d t h  o f  e i t h e r  
24 o r  27 MHz.

HDB-MAC g e n e r a t e s  a n  o u t p u t  w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :

- 5 2 5 - l i n e  s e q u e n t i a l  s c a n ;
- S e p a r a t e  RGB c o m p o n e n t s ;
- 18 MHz lu m in a n c e  b a n d w id th ;
- 1 6 : 9  a s p e c t  r a t i o .

A number of advanced television formats for terrestrial and cable 
systems require an input signal with these characteristics. BDB- 
MAC may therefore be used as a feeder signal, or for direct reception.

2 . 2 . 2  L u m in an ce  a n d  c h ro m in a n c e  s p a t i a l / t e m p o r a l  r e s o l u t i o n

The s t a t i c  an d  dynam ic  lu m in a n c e  r e s p o n s e  i s  shown i n  F i g u r e  33 . S t a t i c  
h o r i z o n t a l  r e s o l u t i o n  i s  535 l i n e s / p h .  S t a t i c  v e r t i c a l  r e s o l u t i o n  i s  480 l i n e s .

Dynamic h o r i z o n t a l  r e s o l u t i o n  i s  u n c h a n g e d  a t  535 l i n e s / p h .  Dynamic 
v e r t i c a l  r e s o l u t i o n  i s  320 l i n e s .

The c h r o m in a n c e  r e s p o n s e  i s  shown i n  F i g u r e  34 .  B o th  t h e  s t a t i c  a n d  
dy n am ic  c h r o m in a n c e  h o r i z o n t a l  r e s o l u t i o n  i s  260 l i n e s .  The s t a t i c  c h r o m in a n c e  
v e r t i c a l  r e s o l u t i o n  i s  120 l i n e s .  T h e r e  i s  no l o s s  o f  d i a g o n a l  c h r o m in a n c e  
r e s o l u t i o n .

2 . 2 . 3  C h r o m a t i c i t v / c o l o r i m e t r y  c h a r a c t e r i s t i c s

The color-difference axes are R-Y and B-Y. Primary colors are as 
defined for NTSC.
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HDB-MAC lu m in a n c e  r e s o l u t i o n  ( s t a t i c  an d  dynam ic).

••I -Y-

FIGURE 34

HDB-MAC c h r o m in a n c e  r e s o l u t i o n  
( s t a t i c  a n d  d y n am ic )
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2 . 2 . 4  A r t i f a c t s  . .. .

HDB-MAC has no cross-color, cross-luminance or line-structure 
artifacts.
Motion detection is required in the luminance scan conversion 
between 525-line Interlace and 525-line progressive. The pre­
sence and severity of artifacts will depend on the quality of the 
adaptive signal processing, which will improve as technology 
improves in coming years.

2 . 2 . 5  A s p e c t  r a t i o ,  d i s p l a y  s i z e  a n d  v i e w i n g  a n g l e

A c h o i c e  o f  t h e  a s p e c t  r a t i o s  1 6 :9  o r  4 : 3  c a n  b e  made on  a 
p ro g ra m m e -b y -p ro g ra m m e  b a s i s .  (A c e n t r a l  4 : 3  s e g m e n t  o f  t h e  p i c t u r e  i s  c o n v e r t e d  
t o  NTSC f o r  v i e w i n g  on  non-HDTV r e c e i v e r s . )

BDB-MAC is designed to be viewed at 3 times Picture Height of a 
16:9 display (that is, with an included viewing angle of 33 
degrees).

2 . 2 . 6  B a s e b a n d  v i d e o  b a n d w id th  a n d  FM d e v i a t i o n

The t r a n s m i s s i o n  b a n d w id th  i s  1 0 .7  MHz ( - 6  db b a n d w i d t h ) , w h i l e  t h e  d i s p l a y  
b a n d w id th  f o r  l u m in a n c e  i s  18 MHz a n d  5 MHz f o r  c h r o m in a n c e .

The amount of deviation and the pre-emphasis characteristic are 
still under investigation. Non-standard circuits will be re­
quired for both clamping and de-emphasis.

2 . 2 . 7  A u d io  a n d  a n c i l l a r y  s i g n a l  c a p a b i l i t i e s  a n d  c h a r a c t e r i s t i c s

HDB-MAC carries six digital audio channels of .15 kHz bandwidth, 
using the Dolby Adaptive Delta Modulation (ADM) system described 
in Report 953* This ADM system provides an instantaneous
s i g n a l - t o - n o i s e  r a t i o  ( a t  1 kHz) g r e a t e r  t h a n  58 dB, a n d  a  d y n am ic  r a n g e  i n  
e x c e s s  o f  90 dB. .

Each channel is encrypted with a separate pseudo-random bit 
sequence derived from a 56-bit key, updated at intervals of 0.25 
seconds. *
Since there is no connection between the separate digital chan­
nels, stereo separation depends only on audio equipment quality.
In addition to the six digital audio channels, the system car­
ries:

, 63 k b i t / s  u t i l i t y  d a ta  channel
Up to 600 rows per second of text data 
Conditional-access data channel



158 R e p .  1 0 7 5 - 1

3. SC-HDTV: s p e c t r u m  c o m p a t i b l e  HDTV

3 . 1  I n t r o d u c t i o n

The b a s i s  o f  t h e  s p e c t r u m  c o m p a t i b l e  HDTV s y s t e m ,  SC-HDTV, i s  t h e  
c h o i c e  o f  s c a n n i n g  p a r a m e t e r s  h a v i n g  a  s i m p l e  r e l a t i o n s h i p  w i t h  t h o s e  o f  
c o n v e n t i o n a l  NTSC ( s y s t e m  M) f o r  more e f f i c i e n t  v i d e o  e n c o d i n g  a n d  t r a n s m i s s i o n  
p r o c e s s i n g  o f  v i d e o .  A p p l i c a t i o n  o f  t h e  p r i n c i p l e s  o f  s p e c t r u m  c o m p a t i b l e  HDTV 
t o  FM s a t e l l i t e  e m i s s i o n  r e s u l t s  i n  im p ro v e d  r e c e i v e d  s i g n a l - t o - n o i s e  r a t i o .  The 
FM s p e c t r u m  o f  SC-HDTV i s  a l s o  much more s y m m e t r i c a l  a b o u t  t h e  c a r r i e r  f r e q u e n c y  
t h a n  c o n v e n t i o n a l  s a t e l l i t e  v i d e o  s i g n a l s  due t o  t h e  r e m o v a l  a n d  d i g i t a l  
e n c o d in g  o f  DC a n d  low  v i d e o  f r e q u e n c i e s .  T h i s  m akes p o s s i b l e  a  m ore e f f i c i e n t  
r e c e i v e r  d e s i g n  w i t h  n a r r o w e r  f i l t e r s  a n d  b e t t e r  t h r e s h o l d  p e r f o r m a n c e .

3 .2  S c a n n in g

The v e r t i c a l  an d  h o r i z o n t a l  s c a n  r a t e s  h a v e  b e e n  c h o s e n  t o  b e  e q u a l  t o ,  
o r  a  m u l t i p l e  o f ,  t h e  NTSC r a t e s  i n  o r d e r  t o  a v o i d  i n t e r f e r e n c e  w i t h  NTSC when 
t h e  b a s e b a n d  f o r m a t  o f  t h i s  s y s t e m  i s  u s e d  f o r  t e r r e s t r i a l  b r o a d c a s t i n g .  T h e se  
r a t e s  a r e  7 8 7 .5  l i n e s  p e r  f r a m e ,  p r o g r e s s i v e l y  s c a n n e d ,  5 9 . 9 4  f r a m e s  p e r  
s e c o n d  ( f p s ) .  7 8 7 . 5  c o r r e s p o n d s  t o  4 7 , 2 0 3  l i n e s  p e r  s e c o n d  w h ic h  i s  t h r e e  t im e s  
t h e  NTSC h o r i z o n t a l  l i n e  r a t e .  (PAL a n d  SECAM c o u n t r i e s  c o u l d  em ploy  t h i s  . 
t e c h n i q u e  b y  c h o s i n g  a  9 3 7 . 5  l i n e  50 f p s  t r a n s m i s s i o n  s c a n  r a t e . )

3 . 3  V id e o  e n c o d in g

High definition video encoding compresses the 28.9 MHz R, G, B source into 
transmission fields of video components as shown in Figure 35. The encoding 
process is designed for redundancy reduction to match human vision. Some low 
frequency components of one-third of the source bandwidth (9.6 MHz) are 
transmitted at full frame rate of 59.94 fps for good motion rendition. This is 
component LL in the spatial-temporal resolution diagram of Figure 36. (The 
following resolution symbols are used in Figure 36: L/PH  * lines/picture height and 
L/PW  = lines/picture width.) The remaining luminance components (LD, MH, 
HH) are transmitted at lower rates (11.988 Hz) but with good detail for .static 
images.

Color difference components R-Y and B-Y (or C l and C2) are also transmitted at 
the lower rate of 11.988 Hz. Overall, the incoming video is separated into six 
components, each of one-third of the source bandwidth. The last step in the video 
encoding consists of time expansion to limit the final bandwidth of each component 
to 3 MHz.

The six video components are time-multiplexed into two 3 MHz signals. A full set 
of the six video components is transmitted every five lines, as illustrated in Figure 37.

3 . 4  T r a n s m i s s i o n  p r o c e s s i n g

T r a n s m i s s i o n  e n c o d i n g  s t e p s  shown i n  F i g u r e  38 a r e  p e r f o r m e d  t o  
m in im iz e  p e a k  a n d  a v e r a g e  pow er a n d  m in im iz e  m u tu a l  i n t e r f e r e n c e  w i t h  NTSC f o r  
AM t r a n s m i s s i o n  a n d  t o  m in im iz e  p e a k  a n d  a v e r a g e  d e v i a t i o n  f o r  FM t r a n s m i s s i o n .
The f i r s t  s t e p  l i m i t s  t h e  pow er o f  t h e  SC-HDTV s i g n a l  t o  t h e  v i d e o  c o n t e n t  o f  
t h e  s i g n a l  b y  e l i m i n a t i n g  c o n v e n t i o n a l  s y n c  s i g n a l s ,  c a r r i e r  a n d  s u b c a r r i e r s .
The m o t i v a t i o n  f o r  t h e  f i r s t  s t e p  o f  F i g u r e  38 i s  more e v e n  d i s t r i b u t i o n  o f  
a v e r a g e  p ow er  o v e r  t h e  6 MHz c h a n n e l .  M ost o f  t h e  pow er  o f  a  c o n v e n t i o n a l  s i g n a l  i s
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HD ENCODING FOR TRANSMISSION

FIELDS

FIGURE 35

SPATIAL -  TEMPORAL RESOLUTION
V

FIGURE 36

MODULATION ON IN-PHASE AND QUADRATURE CHANNELS
IN-PHASE

MODULATION -  1 LINE OF _

QUADRATURE
MODULATION

21 LINES OF 4 LEVEL DATA "  SYNCHRONIZATION 21 LINES OF 4 LEVEL DATA

240 LINES OF 
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L R -Y  5  B -Y  J 
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240 LINES OF 
ANALOG COMPONENTS

9*
094D
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22 LINES OF 4 LEVEL DATA SYNCHRONIZATION 22 LINES OF 4 LEVEL DATA ntO

240 LINES OF 
INALOQ COMPONENTS

240 LINES OF 
ANAL0Q COMPONENTS

O
zow

H * -2.1*1$ HORIZ BLANK 
------  63.56*11 -------►

2 . 1*is  —► N -2 .1 * S  HORIZ BLANK 
-------  63.56u i ------- ►

FIGURE 37
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SC-HDTV s v s te m  
FIGURE 38



R e p . 1 0 7 5 —1 161

c o n c e n t r a t e d  a t  D.C.  a n d  l o w - f r e q u e n c y  v i d e o .  By s u b t r a c t i n g  D.C.  a n d  t h e  l o w e s t  
200 kHz o f  v i d e o  a n d  t r a n s m i t t i n g  t h e s e  s i g n a l s  i n  d i g i t a l  fo rm  d u r i n g  t h e  
v e r t i c a l  b l a n k i n g  i n t e r v a l ,  t h e  a v e r a g e  pow er i s  r e d u c e d  s i g n i f i c a n t l y .

The d i g i t a l  m o d u l a t i o n  i s  1 6 -QAM o f  5 . 3 5  M s y m b o l / s .  The a u d i o  c h a n n e l s  
a s s o c i a t e d  w i t h  t h e  SC-HDTV s i g n a l  a r e  i n  d i g i t a l  f o r m a t  a n d  a r e  t r a n s m i t t e d  a s  
p a r t  o f  t h e  same 1 6 -QAM s i g n a l .

A n o th e r  s i g n i f i c a n t  s t e p  i n  p o w e r / d e v i a t i o n  r e d u c t i o n  i s  t e m p o r a l  
p r e - f i l t e r i n g  ( f r a m e  co m b in g )  an d  p o s t  f i l t e r i n g  a s  i l l u s t r a t e d  i n  F i g u r e s  39 
a n d  4 0 .  R a t h e r  t h a n  t r a n s m i t t i n g  t h e  a c t u a l  s i g n a l  v a l u e ,  t h e  d i f f e r e n c e  b e tw e e n  
t h e  p r e s e n t  f r a m e  a n d  75% o f  t h e  p r e v i o u s  f ra m e  i s  t r a n s m i t t e d .  T h i s  p r o d u c e s  a 
12 dB s i g n a l  r e d u c t i o n  on s t a t i c  im a g e s .

The next step in power reduction is instantaneous compression (Figure 41), included 
to further reduce noise visibility and peak signals. T bs is not alwavs guaranteed bv 
average power reduction. ' '

Compression is followed by time dispersion (Figure 42) which is dimensioned to 
contribute to peak power/deviation reduction as well.

3 .5  M o d u l a t i o n

For AM transmission the two 3 MHz signals, I and Q, modulate an in-phase and a 
quadrature carrier in the center of a conventional 6 MHz band by suppressed 
carrier-double sideband-amplitude modulation. * *

The t r a n s c o d i n g  p r o c e s s  f o r  FM s a t e l l i t e  t r a n s m i s s i o n  i n c l u d e s  t im e  
c o m p r e s s i o n  a n d  t im e  m u l t i p l e x i n g  p r o c e s s e s  w h e re b y  t h e  two 3 MHz s i g n a l s  a r e  
m u l t i p l e x e d  i n t o  one  6 MHz com ponen t s u i t a b l e  f o r  FM m o d u l a t i o n .  F i g u r e  43 shows 
t h e  t i m i n g  r e l a t i o n s h i p s .

The single 6 MHz SC-HDTV transmission signal has no D .C  and no low-frequency 
components resulting in an FM spectrum that is narrower and more symmetrical 
than an NTSC FM spectrum as shown in Figure 44.

Frame s y n c h r o n i z a t i o n  i s  a c h i e v e d  b y  a  c l o c k  s i g n a l ,  t r a n s m i t t e d  d u r i n g  
p a r t  o f  t h e  v e r t i c a l  i n t e r v a l .  A s m a l l  h o r i z o n t a l  r e f e r e n c e  p u l s e  i s  t r a n s m i t t e d  
b e tw e e n  two l i n e s .  The d a t a  s i g n a l  a l s o  i n c l u d e s  b i t s  t o  h e l p  m o t i o n  r e n d i t i o n  
i n t e r p o l a t i o n .  The d a t a  s i g n a l  o c c u p i e s  a l t e r n a t e l y  21 a n d  22 l i n e s  p e r  f r a m e  
d u r i n g  t h e  v e r t i c a l  b l a n k i n g  i n t e r v a l .

3 .6  The s a t e l l i t e  d e l i v e r y  s v s te m

Regardless of whether the satellite link is used for network or cable feed or for 
home delivery of TV programs, the SC-HDTV signal format has two important 
advantages over the NTSC format and over NTSC-based HDTV systems.

As a first advantage. DC and low video frequencies are absent which results in a 
narrower and more symmetrical spectrum. Increased deviation within a given 
transponder bandwidth* is possible which results in less distortion and less noise and 
extends the threshold. Secondly, FM noise addition is less noticeable for SC-HDTV
than for NTSC. The portion of the signal farthest removed for the FM carrier is most noise
contaminated. In NTSC it is the color that suffers but in SC-HDTV the signal 
farthest removed from the carrier consists mainly of moving edges on which 
interference and noise are less noticeable. This difference becomes particularly 
significant at FM threshold.
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The received signal is the 6 MHz time-multiplexed version of the I and Q 
components. The video baseband input for the SC-HDTV consumer type receiver 
can be designed for separate I and Q inputs or for combined 6 MHz input. In the
l a t t e r  c a s e  t h e  t im e  e x p a n d e r  a n d  d e m u l t i p l e x e r  a r e  made a n  i n t e g r a l  p a r t  o f  th e  
r e c e i v e r .  The sam e c a n  s e r v e  t h e  VCR o u tp u t  s i g n a l .

3 .7  E n c r y p t io n

The d e l i v e r y  o f  s e r v i c e s  r e q u i r i n g  s c r a m b l in g  f o r  s a t e l l i t e  a n d  c a b le
delivery can' be conveniently accomplished by encryption’of the data signal. Since
the analog video is also digitally processed, this pan of the transmission signal is
readily encryptable as well. Digital encryption, when properly decrypted, has the
advantage of retaining signal quality. Repeated encryption/decryption cycles are
p o s s i b l e  w i t h o u t  l o s s  o f  q u a l i t y .  The c o n d i t i o n a l  a c c e s s  b o x  i l l u s t r a t e d  i n
F ig u r e  45 p e r f o r m s  d e c r y p t i o n .

FM N T S C  v s .  HDTV

NTSC -  CCIR PRE-EMPHASIS 
HDTV -  TEMPORAL FILTER OFF

FIGURE 44
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ANNEX V

HIGH-DEFINITION TELEVISION TRANSMISSION EXPERIMENTS USING THE MUSE
SYSTEM

1. intro duct ion ,
FM transmission experiments of the MUSE signal have been 

carried out. Results of the experiments are described in this 
annex.

2 . First experiment in 1986 using a 100 W broadcasting »ari»n.>a 
in the 12 GHz band
2.1 Experiment system

Figure 46 illustrates the block diagram of the experiment. 
Thfe broadcasting satellite BS-2 is able to broadcast on the WARC-3S 
satellite channel in the 12 GHz band. Modulation parameters for 
MUSE are shown in Table XB( of Annex II. Experimental equipment 
including both transmitter and receiver were installed at the NHK 
Broadcasting Center in Tokyo and satellite channel No. 11 was used. 
A commercially available converter with a noise figure of 2.1 dB 
was used for the experiment.

The l i n k  b u d g e t  a t  t h e  edge  o f  c o v e ra g e  a r e a  w ith  r a in  
a t t e n u a t i o n  o f  2 dB n o t  e x c e e d e d  f o r  99% o f  t h e  w o rs t  month was 
c a l c u l a t e d  a s  show n i n  T a b le  X X II I . I n  t h i s  c a s e ,  a  G/T o f  16 dB 
w ould be r e q u i r e d  f o r  r e c e p t io n  a t  a  c a r r i e r - t o - n o i s e  r a t i o  o f  17 
dB c o r r e s p o n d in g  a p p ro x im a te ly  t o  t h e  p e r c e p t io n  l i m i t  o f  n o is e  
im pairm ent (see  s e c t io n  1 0 .1 .1  of- th e  body o f  th e  p re s e n t  R e p o rt) .

KUSE 30"
DEC. CRT

Sh d

FIGURE 46
S ch em atic  b l o c k  d iag ram  o f  e x p e r im e n ta l  t r a n s m i s s i o n  

o f  MUSE-encoded HDTV s i g n a l  v i a  b r o a d c a s t i n g  s a t e l l i t e  BS-2
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Using an antenna of 0.75 m diameter the received C/N was 17.8 d3.
The S/N of the demodulated FM signal (with a bandwidth of 8.1 MHz) 
was 39.5 dB including the emphasis improvement of 9.5 dB.

It was found that the noise impairment of the received picture 
was almost equal to the limit of perception even when an antenna of
0.75 m in diameter and a receiver NF of 3 dB were used under clear 
weather conditions in Tokyo.
3. Experiments and demonstrations in 1987 and afterwards

The experiments were carried out in seven rounds from 1987 to
1988, using the BS-2b broadcasting satellite.

Eleven Japanese television receiver manufacturers and NHK
took part in the experiments. The MUSE signals were received and 
measured in Tokyo, Osaka, Nagoya, and their vicinities.

All the receivers produced by the manufacturers participating 
in the experiment showed good reception capability of MUSE signals. 
The signals were received with little aliasing and little ringing. 
Tests for sound mode switching controlled with codes also went 
well.

The tests produced received C/N ratios of 17 to 21 dB under 
clear weather, which, were also corresponding to, or better than, 
the limit of perception for noise impairment. The S/N ratios of 
baseband signal demodulated with the tuners were almost coincident 
with theoretical values (C/N + 11.9 dB).

Bit error ratios of digital sound/data signals were 10'3 or 
better at a C/N of 10 dB. They were measured under a low C/N 
condition deliberately provided with an attenuator inserted after 
the receiving antenna. No extreme picture degradation was observed 
with this C/N condition of 10 dB.

Picture quality was evaluated as better than grade 4 in the 5- 
grade scale using test materials extracted from HDTV programmes and 
still pictures. The sound was evaluated as grade 5 for all cases.

The same modulation parameters mentioned above were used in 
this experiment and were confirmed as adequate for practical use.
It was also confirmed that the DBS tuner developed for the 
reception of conventional television could be used for MUSE with 
minor modifications.

Further demonstrations took place in Japan in 1987 using the 
BS-2b on a time-sharing basis with the transmissions of 
conventional television broadcasting. Another demonstration was 
conducted in Canada and the United States in October 1987 using 
Anik-C and RCA-K1 communication satellites delivering the signal to 
seven cities.

Among other programmes broadcast in HDTV, the most attractive 
event was the Seoul Olympic Games in 1988. At opening and closing 
ceremonies, live satellite broadcasting using BS-2b was carried out 
with HDTV programmes relayed through the Intelsat to Japan from 
Seoul, Korea. Other sporting events were recorded on video tape and 
also broadcast in HDTV through the BS-2b satellite the next day.
The total amount of broadcasting was 73 hours 20 minutes in 17 
days.

2.2. Received C/N and picture qualify
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The broadcasts were received with parabolic antennas of 75 cm 
to 160 cm in diameter depending on the location, and pictures were 
demonstrated at 81 locations throughout Japan in department stores 
or public facilities by using 205 various display equipments. About
3.7 million people in totalt observed HDTV, and were impressed with .
the excitement of the games conveyed by HDTV.

S in c e  J u n e  1989 r e g u l a r  e x p e r im e n ta l  HDTV b r o a d c a s t i n g  h a s  b e e n
s t a r t e d .  F o r  t h i s  p u rp o s e  a n  HDTV program m e p r o d u c t i o n  f a c i l i t y  h a s  b e e n
im p le m e n te d  w h ic h  p r o v id e s  p r o d u c t i o n  c a p a b l i l i t i e s  n e e d e d  f o r  b r o a d c a s t i n g  o f  
one h o u r  e a c h  d a y . The 1 1 2 5 /6 0 /2 :1  HDTV s y s te m  i s  u s e d  a n d  s t a n d a r d s  c o n v e r s io n s  
b e tw e e n  HDTV a n d  c o n v e n t io n a l  t e l e v i s i o n  s y s te m s  a r e  i n c o r p o r t e d .  T h is  e q u ip m e n t 
h a s  b e e n  im p le m e n te d  b y  NHK o v e r  s e v e r a l  y e a r s  b a s e d  o n  a  lo n g - t e r m  s c h e d u le  
[CCIR, 1 9 8 6 - 9 0 a ] .

A new i n s t r u m e n t  f o r  c h e c k in g  C/N r a t i o s  h a s  b e e n  d e v e lo p e d  i n  w h ic h  
t h e  n o i s e  p o w er i s  m e a su re d  i n  a  n a r ro w  b a n d  s l i g h t l y  o u t s i d e  t h e  c h a n n e l .  T h is  
i n s t r u m e n t  c a n  b e  u s e d  w i th  an y  t e l e v i s i o n  s y s te m  i n c l u d i n g  HDTV.

A n o th e r  i n s t r u m e n t  h a s  b e e n  d e v e lo p e d  t o  m e a su re  a u d io  b i t  e r r o r  r a t i o  
d u r in g  b r o a d c a s t i n g .  I t  h a s  two m odes o f  m e a su re m e n t. One u t i l i z e s  t h e  fra m e  
s y n c h r o n iz in g  c o d e , t h e  o t h e r  t h e  e r r o r - c o r r e c t i o n  c o d e . The fo rm e r  c o u n t s  e r r o r  
b i t s  o f  t h e  fra m e  s y n c h r o n iz in g  c o d e  o f  a  1 6 - b i t  f i x e d  p a t t e r n  w h ic h  i s  
t r a n s m i t t e d  d u r in g  a n  i n t e r v a l  o f  one m i l l i s e c o n d .  The l a t t e r  c o u n t s  e r r o r  b i t s  
d e t e c t e d  w i th  t h e  e r r o r - c o r r e c t i o n  c o d e  i n  e a c h  a u d io  d a t a  b l o c k  w h ic h  i s  
t r a n s m i t t e r  a t  a  r a t e  o f  16 b l o c k s / m i l l i s e c o n d  [CCIR, 1 9 8 6 - 9 0 b ] .

R e g u la r  e x p e r im e n ta l  HDTV b r o a d c a s t i n g  f o r  o n e  h o u r  a  d a y  h a s  b e e n  done 
u s i n g  B S-2b s i n c e  J u n e  1989 .

TABLE X X III

L in k  b u d g e t  f o r  MUSE t r a n s m i s s i o n  o f  1 1 2 3 /6 0  s v s te m

Frequency (GHz) 12
Type of modulation FM
Equivalent RF bandwidth (MHz) 27
C/N (exceeded for 99% of the worst month) (dB) 17.0
S/N unweighted (dB) 39.0
Figure of merit G/T (dB/K) 16.0
Required power flum-density (edge of beam - 

exceeded for 99% of the worst month) (dBW/m2 ) -110.5
Free-space attenuation (dB) 205.6
Rain attenuation <dB) 2.0
Atmospheric absorption <dB) 0.1
Feeder-link noise contribution (dB) 0.3
Edge of coverage of area factor (dB) 3.0
Required e.f.r.p. from satellite (beam 

centre) (dBW) 57.7
Satellite antenna beamwidth (-3 dB) (degrees) 1.3 x 1.8
Satellite antenna gain (beam centre) (dBi) 40.0
Losses (feeder, filters, etc.) (dB) 2.3
Required TWTA power (dBW) 20.0

(W) 100
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4. Conclusion

Satellite transmission experiments of the MUSE signal were 
carried out on a single 12 GHz WARC-BS channel by using the . 
operational Japanese broadcasting satellite BS-2 with an output 
power of 100 W. Based on the results of these experiments, a 
received C/N of around 17 dB is obtainable for 99% of the worst 
month in nearly all of the main islands of Japan using a receiving 
antenna of 0.7-0.9 m in.diameter. It has been confirmed that a MUSE 
signal can be received with a sufficiently good S/N by using a 
single 12 GHz WARC-3S channel.
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ANNEX VI

HIGH-DEFINITION TELEVISION TRANSMISSION EXPERIMENTS USING THE HD-MAC SYSTEM

1. Introduction
FM transmission experiments of the HD-MAC signal have been carried 

out using the French broadcasting satellite TDF 1. The configuration of 
these experiments is described in this annex.
2 .  Experimental system

These experiments were conducted in December 1 9 8 8 . Fig. 47 
illustrates the block diagram of the experiment. The D2-HDMAC/packet signal 
was sent to the TDF-1 earth station through a FM microwave link with 14 
hops. The signal was received by a commercially available outdoor unit with 
a 55 cm parabolic antenna. The noise figure of the SHF converter was equal 
to around 2 dB.

V
TDF-1

%

V

FIGURE 47
S c h e m a tic  b lo c k  d ia g ra m  o f  e x p e r im e n ta l  t r a n s m i s s i o n  o f  

HDMAC s i g n a l  v i a  th e  DSB s a t e l l i t e  TDF-1



R e p .  1 0 7 5 - 1 169

Table XXIV shows the modulation parameters used for HD-MAC 
transmission through an FMWarc b s - 77 ch an n el. The basic parameters are 
the same as for MAC signals in order to ensure the compatibility 
with conventional MAC decoders. One extra process is applied to the 
HD-MACsamples, namely non-linear pre-emphasis. .

Table XXIV: Modulation parameters for HD-MAC

Normal vision signal bandwidth: 10.125 MHz at -3 dB
Normal channel bandwidth: 27 MHz
Modulation: FM
Polarity of frequency modulation: positive
DC component: preserved
Pre-emphasis characteristics: non-linear process applied

only to HD-MAC samples and 
linear applied to all the 
multiplex (same as for 
MAC)

Frequency deviation: 13.5 MHz at the cross-over 
frequency of the linear 
pre-emphasis network 
(1.37 MHz)

Table XXV shows the main parameters of this experimental 
transmission
Table XXV: Parameters of the experimental transmission with TDF-1.

Channel number: 17
Channel frequency: 12034.36 MHz
EIRP towards the receiving station: 62 dBW
Rain attenuation: 0
Free-space attenuation (dB): 205.7
Receiving equipment (dB) : 11.0 dB/K
Calculated C/N: 21.6 dB
Measured C/N: 21 dB

3. Results of transmission experiments
The measured C/N was 21 dB in a 27 MHz bandwidth, which corresponds 

to an impairment grade better than 4.5.
Some distortions were noticed due to the group delay in the microwave

link and were compensated for by adjusting the sampling time in the HD-MAC 
decoder.
4. Conclusion

Satellite transmission experiments of the HD-MAC signals were carried 
out on a single 12 GHz WARC-BS channel by using the operational french 
braodcasting satellite TDF 1 with an output power of 230 W.

A received C/N of 17 d£ is obtainable for 99% of the worst month 
through out the service area with a 55 cm receiving antenna. Thus an HD-MAC 
signal of good quality can be received with a small antenna using a 12
GHz WARC BS-77 channel.
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REPORT 9 5 5 -2 *

SATELLITE SOUND BROADCASTING WITH PORTABLE RECEIVERS 
AND RECEIVERS IN AUTOMOBILES

( Q u e s t io n  2 /1 0  an d  1 1 , S tu d y  P rogram m es 2B /10  a n d  11 , 2K /10 a n d  11)

(1 9 8 2 -1 9 8 6 -1 9 9 0 )
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2 .2  S u i t a b l e  m o d u la t io n  m e th o d s

2 . 2 . 1  FM s y s te m s
2 . 2 . 2  S im p le  d i g i t a l  s y s te m s
2 . 2 . 3  A dvanced  d i g i t a l  s y s te m s

2 .3  S u i t a b l e  f r e q u e n c y  b a n d s
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2 . 6 . 3 . 2 . 3  S p a t i a l  d i v e r s i t y
2 . 6 . 3 . 3  L in k  m a rg in s
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2 . 6 . 4 . 1  FM s y s te m s
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T h i s  R e p o r t  s h o u l d  b e  b r o u g h t  t o  t h e  a t t e n t i o n  o £  S t u d y  G r o u p s  5 ,  6 a n d  8



R e p .  9 5 5 - 2 171
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3 .5  E xam ple s y s te m s
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A nnex I  - S a t e l l i t e  t r a n s m i t t i n g  a n te n n a  te c h n o lo g y

A nnex I I  - P r o p a g a t io n  c h a r a c t e r i s t i c s  an d  l i n k  m a rg in s  o f  t h e  UHF s a t e l l i t e  
c h a n n e l

Annex III - Summary description of advanced digital system I 

Annex IV - Summary description of advanced digital system II
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1. Introduction

In Resolution No. 505, the WARC-79 invited the CCIR to continue and expedite its studies on the 
technical characteristics of a satellite sound-broadcasting system for individual reception by portable and
automobile receivers in the frequency range 500 to 2000 MHz. «---------- WARC-ORB-85 c o n s i d e r e d  t h i s
m a t t e r  an d  i s s u e d  R eco m m en d atio n  No. 2 c a l l i n g  f o r  f u r t h e r  s t u d i e s  on  s a t e l l i t e  
so u n d  b r o a d c a s t i n g .

WARC ORB-88 a l s o  c o n s id e r e d  t h i s  m a t t e r  an d  i s s u e d  R e s o l u t i o n  520 w h ich  
e x te n d e d  th e  u p p e r  e n d  o f  th e  f r e q u e n c y  ra n g e  o f  i n t e r e s t  t o  3 000 MHz an d  
i n v i t e d  t h e  CCIR to  c o n d u c t  t e c h n i c a l  s t u d i e s  on :

1) t h e  im p a c t  o f  c h o ic e  o f  f r e q u e n c y  on  s y s te m  p a r a m e te r s ,
e s p e c i a l l y  s a t e l l i t e  pow er r e q u i r e m e n t s ,  t h e  c h a r a c t e r i s t i c s  o f
t r a n s m i t t i n g  an d  r e c e i v i n g  a n t e n n a s ,  an d  on  p r o p a g a t i o n
c h a r a c t e r i s t i c s ;

2) th e  b a n d w id th  r e q u i r e d  by  th e  s e r v i c e ;  an d

3) t h e  t e c h n i c a l  a s p e c t s  o f  s h a r i n g  b e tw e e n  s e r v i c e s  w i th  s p e c i a l
c o n s i d e r a t i o n  t o  g e o g r a p h ic a l  s h a r i n g .

Several administrations, the EBU and the European Space Agency, had already undertaken studies on 
such a system under Study Programme 2 K /10 and 11, and a summary of those contributions appeared in the 
SPM Report (1978). Since then, experiments were made in France and sem« studies were also undertaken in
a  number o f  o t h e r  c o u n t r i e s .  D u rin g  t h e  p e r io d  1 9 8 6 -9 0  new s t u d i e s  were
.u n d e r tak e n  i n  t h e  U n i te d  S t a t e s  o f  Am erica and w i t h i n  t h e  EBU, m a in ly  i n  
' t h e  a r e a  o f  advanced  d i g i t a l  t e c h n i q u e s  f o r  UHF s a t e l l i t e  s o u n d - b r o a d c a s t i n g .

On th e  b a s i s  o f  a l l  t h e s e  s t u d i e s  a  t e c h n i c a l  r e p o r t  w as p r e p a r e d  b y  
t h e  CCIR f o r  s u b m is s io n  t o  WARC ORB-88 [CCIR, 1 9 8 6 - 9 0 a ] . T h is  r e p o r t  p r e s e n t s  
c l e a r  e v id e n c e  t h a t  t h e  p r o v i s i o n  o f  a  s a t e l l i t e  s o u n d - b r o a d c a s t i n g  s e r v i c e  to  
v e h i c l e  a n d  p o r t a b l e  r e c e i v e r s  i s  f e a s i b l e  w i th  t h e  c u r r e n t  l e v e l  o f  
t e c h n o lo g y .

I n  t h e  p r e s e n t  r e p o r t ,  d i f f e r e n t  a n a lo g u e  a n d  d i g i t a l  t e c h n iq u e s  a r e  
c o n s i d e r e d  w i th  t h e i r  r e l e v a n t  l i n k  b u d g e ts  sh o w in g  some t r a d e - o f f  b e tw e e n  
s e r v i c e  q u a l i t y ,  s e r v i c e  c o n t i n u i t y ,  t r a n s m i t t e d  p o w er a n d  r e c e i v e r  c o m p le x i ty .

The AM sound s a t e l l i t e  b r o a d c a s t i n g  sy s tem s  i n t e n d e d  f o r  Band 7 were 
t h e  s u b j e c t  o f  p r e l i m i n a r y  s t u d i e s  i n  t h e  U n i te d  S t a t e s ,  t h e  U n i te d  Kingdom and ’ 
t h e  USSR.

2. Systems for band 9

2.1 Quality objectives and service availability
 a s  a  r e f e r e n c e

The service quality objective to be chosen for satellite sound broadcasting may have a significant effect on FM 
the overall broadcasting-satellite system design and cost. In [CCIR, 1978-82a and b] a high qualitytsound channel 
was assumed* For the cases considered below, the test-tone to noise power ratio at the output of receiver ranged 
between 40 and 57 dB in a 15 kHz baseband bandwidth. The need fori sound channels of such quality needs 
further study taking into account economic factors. FM
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In the case of an FM model, the quality objective at the edge of the coverage area is taken as a subjective 
quality corresponding to grade 3 on the 5 point CCIR quality scale. This corresponds to a weighted signal-to- 
noise ratio ( S / N )  of 40 dB. As a second condition to be met, the carrier-to-noise ratio ( C / N )  needs to be kept 
above the FM threshold (10 dB). The interference protection ratios should be high enough to ensure that the 
system noise is the factor controlling the system availability.

In the case of a digital model, the quality objective at the edge of the coverage area is equivalent to a 
subjective quality of grade 4 on the 5 point CCIR quality scale. This will translate into an allowed bit error-ratio 
d e p e n d in g  o n  t h e  t y p e  o f  s o u r c e  c o d i n g  u s e d  a n d  o n  t h e  l e v e l  o f  p r o t e c t i o n  
a g a i n s t  e r r o r s ,  a n d  w i l l  t r a n s l a t e  i n t o  a  r e q u i r e d  c a r r i e r - t o - n o i s e  r a t i o  
d e p e n d in g  o n  t h e  c h a n n e l  c o d i n g  u s e d .  I n  t h i s  c a s e ,  i n t e r f e r e n c e  i s  c o n s i d e r e d
as  a d d i t i v e  n o i s e  and t h e  p r o t e c t i o n  r a t i o s  can be s e t  such  t h a t  t h e  n o i s e  
c o n t r i b u t i o n  from t h e  c o - c h a n n e l  i n t e r f e r e n c e  i s  1 dB and each  a d j a c e n t  c h a n n e l  
c o n t r i b u t e s  0 .5  dB. .

For t h e  advanced  d i g i t a l  sys tem s t h e  o b j e c t i v e  i s  t o  p r o v id e  h ig h  
q u a l i t y  s t e r e o p h o n ic  s e r v i c e  w i th  f i x e d ,  p o r t a b l e  and m o b i le  r e c e i v e r s .

2.2 Suitable modulation methods

Studies performed by several administrations demonstrate in principle the technical feasibility of sound 
broadcasting from geostationary satellites using antennas large enough (e.g. 8 to 20 m diameter at 1 GHz) to 
provide national coverage, and designed for reception with low-cost portable domestic receivers, receivers installed 
in automobiles and permanently installed receivers. In the first two cases, the receiving antenna would be small 
and would have limited directivity.

T h re e  t y p e s  o f  s y s te m s  h a v e  b e e n  s t u d i e d  t o  d a t e .  The f i r s t  u s e s  
f r e q u e n c y  m o d u la t io n  w i th  p a r a m e te r s  c o m p a t ib le  w i th  t e r r e s t r i a l  FM 
b r o a d c a s t i n g ,  t h i s  f i r s t  ty p e  i n c l u d e s  a l s o  t h e  com panded  FM s y s te m  w h ic h  w o u ld  
n o t  b e  c o m p a t ib le  w i th  p r e s e n t  FM r e c e i v e r s .  The s e c o n d  ty p e  a ssu m e s  s im p le  
d i g i t a l  m o d u la t io n .  The t h i r d  ty p e  i s  a l s o  d i g i t a l ,  b u t  i t  u s e s  a  s e r i e s  o f  
a d v a n c e d  t e c h n iq u e s  t o  r e d u c e  th e  b i t - r a t e  a n d , ab o v e  a l l ,  t o . g u a r a n t e e  
r e c e p t i o n  i n  t h e  p r e s e n c e  o f  f a d in g  c a u s e d  b y  m u l t i - p a t h  p r o p a g a t i o n .

2 . 2 . 1  FM s y s te m

The FM model would enable monophonic reception in the case of portable and mobile receivers using 
small antennas with limited directivity, and stereophonic reception in the case of permanent installations where 
obstructions can be minimized and larger antennas can be used. In such a case, the receiver could be identical to 
those available on the current market, with a simple addition (or exchange) o f the freqeuncy converter at the input 
stage.

The same carrier deviation and the same pre-emphasis are assumed as well as the same stareophonic 
multiplex. Preliminary analyses tend to show that these modulation parameters are close to optimum in terms of 
minimizing the required satellite power and optimizing the spectrum usage.

A number of administrations attach great importance to the use of existing FM receivers for the 
broadcasting-satellite service with the possibility of a quality similar to that offered by terrestrial V H F/ 
FM services.

Some m o d i f i c a t i o n s  t o  t h e  p a r a m e te r s  c o u ld  o f f e r  a d v a n ta g e s .  By way o f  
e x a m p le , a  s y s te m  i s  show n t h a t  h a s  10 kHz a u d io  b a n d w id th  a n d  u s e s  co m p an d in g  
t o  p e r m i t  a  r e d u c t i o n  o f  t h e  d e v i a t i o n .
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The second modulation technique assumes a digital source coding similar to one of the systems suggested 
in Report 953 for a near-instantaneous companded 15 kHz high quality monophonic sound channel. Error 
protection is provided on the range code and error concealment on samples resulting in a total bit rate of 
338 kbit/s. A channel coding in the family of 4-PSK with differential demodulation (e.g. DMSK, 2-4 PSK, 
TFM . . . )  was assumed with the following characteristics in mind: spectrum efficient coding, ruggedness against 
channel non-linearity and demodulator simplicity for low cost implementation with minimum margin with respect 
to the theoretical performance. The minimum level of signal quality (Q  =  4) is found to be achievable at a bit 
error ratio of 10-3 with a channel bandwidth equivalent to the bit rate and with a C /N  of 9 dB including the 
implementation margin (see Annex I of Report 632).

2.2.2 Simple digital system

An alternative to 4-PSK which has similar spectral characteristics, but which may offer the possibility of 
more economic receivers, is VSB/2-PSK [Pommier and Veillard, 1979].

I n  th e  c a s e  o f  s im p le  d i g i t a l  m o d u la t io n ,  t h e  m odel h a s  b e e n  b a s e d  on 
m onophony. S te re o p h o n y  w o u ld  r e q u i r e  a  s e c o n d  c h a n n e l  o r  a  d o u b l in g  o f  t h e  b i t  
r a t e  b u t  s t e r e o p h o n ic  r e c e p t i o n  w o u ld  th e n  b e  p o s s i b l e  i n  th e  sam e r e c e p t i o n  
c o n d i t i o n s  a s  t h e  m o n ophon ic  r e c e p t i o n .  I n  a d d i t i o n ,  an y  d i g i t a l  s y s te m  a l s o  has  
a  l a r g e  f l e x i b i l i t y  t o  accom m odate  d i f f e r e n t  ty p e s  o f  f a c i l i t i e s  s u c h  a s  t h e  
number and q u a l i t y  o f  c h a n n e ls  and d a t a  b r o a d c a s t i n g .

Report 953 also describes a source coding method based on adaptive delta modulation which may allow 
adequate audio quality to be obtained at a somewhat lower bit rate.

Current developments in digital sound and data systems indicate that they are now becoming economically 
attractive to the mass consumer market and the inherent flexibility of signal options which may be readily built 
into these systems may make them become more attractive than FM systems.

2 . 2 . 3  A d v an ced  d i g i t a l  s y s te m s

A dvanced  d i g i t a l  s y s te m s  c a n  overcom e th e  p ro b le m s  c a u s e d  b y  o b s t r u c t i o n  
e f f e c t s  an d  t h e  p r e s e n c e  o f  m u l t i p a t h  p r o p a g a t io n  w h ic h  r e s u l t s  fro m  s p e c u l a r  o r  
d i f f u s e  r e f l e c t i o n s .  T h is  o c c u r s  on  r o a d s  i n  r u r a l  a r e a s  w h e re  t h e  p a t h  p a s s e s  
th r o u g h  f o l i a g e  a n d  i n  u r b a n  a r e a s  w h ere  t h e r e  a r e  n u m ero u s o b s t a c l e s . When th e  
f a d i n g  h a s  R a y le ig h  d i s t r i b u t i o n  ( s e e  A nnex I I )  a n d  i s  f r e q u e n c y - s e l e c t i v e , th e  
e r r o r  r a t e  o f  a  s im p le  d i g i t a l  s y s te m  c a n n o t  f a l l  b e lo w  a n  a c c e p t a b l e  l i m i t ,  so  
t h e  r e s u l t i n g  p o o r  q u a l i t y  c a n n o t  b e  im p ro v e d  b y  i n c r e a s i n g  e i t h e r  t h e  l i n k  
m a rg in  o r  t h e  s a t e l l i t e  p o w er [CCIR, 1 9 8 6 -9 0 a , b ] . The e f f e c t s  o f  f r e q u e n c y  
s e l e c t i v i t y  c a n  b e  o v erco m e th r o u g h  th e  u s e  o f  sy m bo l d u r a t i o n s  w h ic h  a r e  l a r g e  
w i th  r e s p e c t  t o  t h e  d i s p e r s i o n  o f  t h e  e ch o  d e l a y s ,  w h ic h  l i m i t s  t h e  b i t - r a t e  p e r  
c a r r i e r  [CCIR, 1 9 8 6 -9 0 b , c ] . A p o w e r fu l  c h a n n e l  c o d in g  m ech an ism  c a n  t h e n  b e  
a p p l i e d  ( c o n v o l u t i o n a l  c o d e  w i th  V i t e r b i  d e c o d i n g ) , b u t  i t  i s  n e c e s s a r y  t o  
e n s u r e  th e  in d e p e n d e n c e  b e tw e e n  s u c c e s s i v e  sy m b o ls  w i th  r e s p e c t  t o  c h a n n e l  
f a d e s .  T h is  i s  a c h ie v e d  b y  i n t e r l e a v i n g  th e  sy m b o ls  e i t h e r  i n  t im e  o r  i n  
f r e q u e n c y  ( t h e  t o t a l  b i t  r a t e  i s  th e r e b y  d i s t r i b u t e d  b e tw e e n  s e v e r a l  c a r r i e r s  
s p a c e d  s u f f i c i e n t l y  f a r  a p a r t  i n  f r e q u e n c y  [Pom m ier a n d  Y i Wu, 1 9 8 6 ] .  T em p o ra l 
i n t e r l e a v i n g  i s  e f f e c t i v e ,  h o w e v e r , o n ly  i f  t h e  r e c e i v e r  i s  m o u n ted  i n  a  v e h i c l e  
t r a v e l l i n g  a b o v e  a  c e r t a i n  s p e e d .  I f  t h e  r e c e i v e r  i s  s t a t i o n a r y ,  f r e q u e n c y  
i n t e r l e a v i n g  m u s t b e  u s e d  o r ,  a l t e r n a t i v e l y ,  s p a c e  d i v e r s i t y  
r e c e p t i o n  [ H i l l e r ,  1 9 8 7 ] , [CCIR, 1 9 8 6 - 9 0 d ] . When f r e q u e n c y  i n t e r l e a v i n g  
i s  u s e d ,  c a r r i e r s  m o d u la te d  w i th  o t h e r  so u n d  c h a n n e l s  may b e  p l a c e d  
b e tw e e n  th o s e  c a r r y i n g  th e  p a r t s  o f  a  g iv e n  c h a n n e l ,  u s i n g  o r th o g o n a l  f r e q u e n c y  
d i v i s i o n  m u l t i p l e x i n g  (OFDM) [A la rd  and L a s s a l l e ,  1 9 8 7 ]*  F i n a l l y  
c e r t a i n  p r o p o s a l s  f o r  a d v a n c e d  d i g i t a l  s y s te m s  in v o lv e  t h e  u s e  o f  a  s o u r c e  
c o d in g  o f f e r i n g  p o w e r f u l  b i t - r a t e  r e d u c t i o n  ( e . g . ,  su b -b a n d  c o d i n g ) ;  w i th  t h i s  
te c h n iq u e  th e  b i t - r a t e  i s  b a r e l y  220 k b i t / s  f o r  one  h i g h - q u a l i t y  s t e r e o p h o n i c  
p rog ram m e. F u r t h e r  d e t a i l s  on  a d v a n c e d  d i g i t a l  s y s te m s  a r e  g iv e n  i n  
Annexes I I I  and IV.
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2.3 Suitable frequency bands

Such a system is feasible in a frequency band in the vicinity of 1 GHz. The lower and upper frequency 
limits are dictated by the following considerations:

— for the lower limit (around 500 MHz):
— the man-made noise increases proportionally with decreasing frequency;
— the diameter of the satellite transmit antenna increases proportionally with decreasing frequency;

— for the upper limit (around 2 GHz):
— the effective area of the receive antenna which is necessary for such a system diminishes with increasing 

frequency; this entails an increase in satellite transmit power i n  p r o p o r t i o n  o f  t h e  s q u a r e  o f  
t h e  f r e q u e n c y .  "

A l l  t h e  e x a m p le s  o f  t h e  p r e s e n t  r e p o r t  assu m e  a  c a r r i e r  f r e q u e n c y  o f  
1 GHz. I t  i s  c o n s i d e r e d  a s  n o n -e c o n o m ic  t o  i n c r e a s e  t h e  s a t e l l i t e  p o w er b y  m ore 
t h a n  6 dB w h ic h , a c c o r d in g  t o  t h e  law  o f  t h e  s q u a r e  o f  f r e q u e n c y ,  l e a d s  t o  a  
maximum f r e q u e n c y  o f  2 GHz. I n  a d d i t i o n ,  h o w e v e r , t h e  f r e q u e n c y  a l s o  a f f e c t s  to  
some e x t e n t  t h e  l i n k  m a rg in  n e e d e d  f o r  a  g iv e n  s e r v i c e  q u a l i t y .  F o r  i n s t a n c e ,  
e x p e r im e n ts  a t  1 500 MHz [ G u i lb e a u ,  1982] h a v e  s u g g e s t e d  t h a t  t h e  l i n k  m a rg in  i n  
a n  u r b a n  a r e a  i n c r e a s e s  fro m  15 dB t o  18 dB f o r  2 0 °  e l e v a t i o n ,  w hen  c o n s i d e r i n g  
th e  c a s e  B d e f i n e d  i n  s e c t i o n  2 . 6 . 3 . 3

I n  R e s o l u t i o n  5 2 0 , WARC ORB-88 e x te n d e d  th e  p o s s i b l e  f r e q u e n c y  r a n g e  f o r  
t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  (so u n d )  t o  3 GHz.

T a b le  I  show s a  c o m p a r is o n  o f  t h e  s a t e l l i t e  pow er r e q u i r e d  a t  0 . 5 ,  1 , 2 an d  
3 GHz, t a k i n g  a s  a  r e f e r e n c e  t h e  l i n k  b u d g e t  f o r  th e  a d v a n c e d  d i g i t a l  s y s te m  I I ,  
c o d e  A a t  1 GHz ( s e e  T a b le  V I, § 2 . 6 . 4 . 5 ) .  The l i n k  m a rg in s  a t  2 a n d  3 GHz a r e  
b a s e d  on  a  c o n s e r v a t i v e  e x t r a p o l a t i o n  o f  t h e  p r o p a g a t i o n  d a t a  c u r r e n t l y  '
a v a i l a b l e  f o r  E u ro p e . T h is  d a t a  i s  s u b j e c t  t o  f u r t h e r  e x p e r i m e n t a l  s t u d i e s .

TABLE I  - Comparison of the satellite power required at 0.5, 1, 2 and 3 GHz

F re q u e n c y  (GHz) 0 .5 1 .0 2 .0 3 .0

I n c r e a s e  o f  p o w er d u e  to  f 2 law  (dB ) -6 0 6 9 .5

I n c r e a s e  o f  l i n k  m a rg in  (dB) -2 0 3 5

S a t e l l i t e  a n te n n a  i n p u t  pow er f o r  one 
s t e r e o p h o n i c  p rogram m e i n  a  1° beam  (dBW)

(W)
4 .9
3 .1

1 2 .9
1 9 .5

2 1 .9
1 5 4 .9

2 7 .4
5 4 9 .5

T o t a l  s a t e l l i t e  a n te n n a  i n p u t  pow er 
f o r  16 p ro g ram m es (W) 4 9 .4 3 1 1 .0 2 4 7 8 .0 8 7 9 3 .0

I t  i s  s e e n  fro m  T a b le  I ,  w h ic h  n e g l e c t s  some o t h e r  s e c o n d a r y  f a c t o r s  l i k e  
t h e  c o u p l in g  l o s s  a n d  th e  r e c e i v e r  n o i s e  t e m p e r a tu r e ,  t h a t  a  s y s te m  o p e r a t i n g  a t  
2 GHz r e q u i r e s  a  s a t e l l i t e  pow er w h ic h  i s  r o u g h ly  8 t im e s  h i g h e r  t h a n  a t  1 GHz; 
a t  3 GHz, t h e  r e q u i r e d  p ow er i s  r o u g h ly  30 t im e s  h i g h e r  t h a n  a t  1 GHz; a t  0 .5  
GHz, t h e  r e q u i r e d  pow er i s  h o w e v e r a b o u t  6 .3  t im e s  lo w e r  t h a n  a t  1 GHz.
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I t  s h o u ld  b e  n o te d  t h a t  th e  same c o n s i d e r a t i o n s  a s  r e g a r d s  th e  e f f e c t  o f  
f r e q u e n c y  a p p ly  t o  o t h e r  m o d u la t io n  sc h e m e s , s u c h  a s  c o n v e n t io n a l  o r  com panded 
FM a n d  s im p le  d i g i t a l  m o d u la t io n .  A ls o ,  s h a r i n g  d i f f i c u l t i e s  may b e  e x a c e r b a t e d  
a t  h i g h e r  f r e q u e n c i e s  due  t o  h ig h  l i n k  m a rg in s  r e q u i r e d .

2 .4  S a t e l l i t e  t r a n s m i t t i n g  a n te n n a

S t u d i e s  su m m a riz e d  i n  t h i s  r e p o r t  h a v e  c o n s i s t e n t l y  a ssu m e d  a  r e f l e c t o r  
o r  s im ila r  p h y s ic a l a p e r tu re  type t r a n s m itt in g  an tenna (as  opposed to  w ire -ty p e  
an tennas) w ith  a 3 dB beamwidth o f  1 ° . This su g g ests  th a t  techno logy  s tu d ie s  o f 
p h y s ic a l a p e r tu re  type an tennas f o r  12 GHz s a t e l l i t e  t r a n s m it t in g  a p p lic a t io n s  may, 
upon e x tra p o la t io n  o f  th e  p h y s ic a l dim ensions o f  th e  an tenna to  th e  new o p e ra tin g  
frequency , be a p p lic a b le  to  th e  s a t e l l i t e  sound b ro a d c a s tin g  a p p l ic a t io n  in  Band 9 .
I n  p a r t i c u l a r ,  t h e  s a t e l l i t e  a n te n n a  d ia g ra m s  u se d  a t  WARC-77 a r e  c o n s id e r e d  to  
b e  f e a s i b l e  i n  Band 9 f CCIR, 198 6 -9 0 © ] . F u r t h e r  d e t a i l s  a r e  g iv e n  
i n  A nnex I .

2 .5  A l t e r n a t i v e  s a t e l l i t e  o r b i t s

The l i n k  b u d g e t  e x a m p le s  b e lo w  a r e  a l l  d e r i v e d  a s s u m in g  t h e  u s e  o f  a  
g e o s t a t i o n a r y  s a t e l l i t e ,  w h e re  i t  c a n  b e  s e e n  t h a t  t h e  l i n k  m a rg in  i n c r e a s e s  
s u b s t a n t i a l l y  a s  t h e  e l e v a t i o n  a n g le  d e c r e a s e s .  Some p r e l i m i n a r y  s t u d i e s  
( J .H .  S t o t t ,  1 9 8 5 ; FTZ, 1 9 8 6 ; ESA, 1988) h a v e  b e e n  made on  t h e  p o s s i b l e  u s e  o f  
h i g h l y - e l l i p t i c a l  o r b i t  t o  a l l e v i a t e  t h i s  e f f e c t .

E xam ples o f  s u c h  o r b i t s  a r e  th o s e  i n c l i n e d  a t  a n  a n g le  o f  6 3 .4 3 °  w i th  
p e r i o d s  o f  e i t h e r  12 h o u r s  ( " M o ln iy a " )  o r  24 h o u r s  ( " T u n d r a ” ) a r r a n g e d  s u c h  t h a t  
t h e  s a t e l l i t e  a p p e a r s  t o  b e  a lm o s t  d i r e c t l y  o v e r  t h e  t a r g e t  c o v e r a g e  a r e a  f o r  a  
s i g n i f i c a n t  p a r t  o f  i t s  o r b i t  p e r i o d .  T h is  h a s  t h e  a d v a n ta g e  f o r  m edium  to  h ig h  
l a t i t u d e  c o u n t r i e s  o f  m a i n t a i n i n g  a  h ig h  e l e v a t i o n  a n g le  a t  t h e  r e c e i v e r  w i th  
t h e  r e s u l t  t h a t  b o th  s h a d o w - lo s s  a n d  m u l t i p a t h  may b e  g r e a t l y  r e d u c e d .  I n  
a d d i t i o n ,  i t  i s  p o s s i b l e  t o  t a k e  a d v a n ta g e  o f  th e  c o n s t a n t l y  h ig h  e l e v a t i o n  
v a l u e  t o  i n c r e a s e  t h e  a n te n n a  g a in  o f  t h e  m o b i le .

C o n s e q u e n t ly ,  s a t e l l i t e  p ow er r e q u i r e m e n ts  w o u ld  b e  s i m i l a r l y  r e d u c e d ,  
g i v i n g  a  c o n s i d e r a b l e  e a s e m e n t o f  b o th  i n t e r -  a n d  i n t r a - s e r v i c e  s h a r i n g  
c o n s t r a i n t s .  T h is  w o u ld  l e a d  t o  m ore e f f i c i e n t  s p e c tru m  p l a n n i n g  w i th  m ix ed  u s e  
o f  g e o s t a t i o n a r y  a n d  n o n - g e o s t a t i o n a r y  s a t e l l i t e  o r b i t s  a s  a p p r o p r i a t e  t o  th e  
c o v e ra g e  a r e a s .

The m a jo r  d i f f e r e n c e s  b e tw e e n  g e o s t a t i o n a r y  a n d  n o n - g e o s t a t i o n a r y  s y s te m s  
a r e  t h a t  t h e  l a t t e r  c o m p r is e  e i t h e r  tw o ( " T u n d r a ” o r b i t )  o r  t h r e e  ( " M o ln iy a ” 
o r b i t )  s a t e l l i t e s  i n  d i f f e r e n t l y  p h a s e d  o r b i t s  w h ic h  a r e  r e q u i r e d  to  p r o v id e  24 
h o u r  s e r v i c e .  A d d i t i o n a l  f a c t o r s ,  s u c h  a s  la u n c h  an d  o r b i t i n g  s p a r e s  
a r r a n g e m e n ts ,  D o p p le r  c o r r e c t i o n  a n d  s a t e l l i t e  h a n d - o v e r  s t r a t e g i e s ,  v a r i a t i o n  
o f  c o v e ra g e  a n d  r a d i a t i o n  h a r d e n in g ,  a t  l e a s t  f o r  "M o ln iy a "  o r b i t s ,  t o  p r o t e c t  
t h e  p a y lo a d  fro m  dam age on  r e p e a t e d l y  p a s s i n g  th r o u g h  t h e  V an A l l e n  r a d i a t i o n  
b e l t s  n e e d  to  b e  c o n s i d e r e d .  F u r t h e r  d e t a i l s  a r e  g iv e n  i n  d r a f t  R e p o r t  A D /8, b u t  
f u r t h e r  s tu d y  i s  r e q u i r e d  to  q u a n t i f y  t h e  b a l a n c e  o f  a d v a n ta g e s  a n d  
d i s a d v a n ta g e s  a n d  d e te r m in e  th e  r e l a t i v e  e c o n o m ic s  o f  g e o s t a t i o n a r y  a n d  n o n - 
g e o s t a t i o n a r y  a p p r o a c h e s  f o r  t h e  BSS ( s o u n d ) .
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2 g Link budget

2 . 6 . 1  Carrier-to-noise ratio

A value of C /N  o f 10 dB representing the FM threshold will give an audio frequency 
signal-to-noise ratio, with the modulation parameters indicated, of about 40 dB (CCIR quasi peak), 
weighted, in the case of 50 ps pre-emphasis, or a slightly higher value for 75 ps pre-emphasis.

The C /N  objective for the digital system includes 1 dB equivalent additive noise from co-channel 
interference and 0.5 dB from each one of the two adjacent channels. The noise performance for the digital 
system is given in terms of subjective quality (4 =  good).

F o r t h e  a d v a n c e d  d i g i t a l  s y s te m s ,  t h e  o b j e c t i v e  i s  d e f i n e d  i n  te rm s  o f  
t h e  E b /No r a t i o  n e e d e d  f o r  a  s p e c i f i e d  e r r o r - r a t i o ,  w here Eb d e n o te s  t h e  a v e ra g e  
e n e rg y  r e c e i v e d  f o r  u s e f u l  b i t s  o f  i n f o r m a t io n  an d  N0 t h e  n o i s e  s p e c t r q l  pow er 
d e n s i t y .

2 . 6 . 2  Receiving antennas '

R eceiv ing  an tennas fo r  s ta t io n a ry ,  p o r ta b le ,  and v e h ic u la r  a p p lic a t io n s  
a re  d isc u sse d  in  t h i s  s e c tio n .

Stationary receiving antennas
 ̂ ' In  f i x e d  l o c a t i o n s  such  as  h o u s e s ,  a p a r tm e n t  b u i l d i n g s ,  and  com m ercia l

b u i l d i n g s  i t  i s  f e a s i b l e  t o  p r o v id e  a  h i g h e r  s e r v i c e  q u a l i t y  by u s i n g  f i x e d  
o u td o o r  a n te n n a s  e x h i b i t i n g  a  h i g h e r  g a in  ( e . g . ,  ab o u t  15 dB) t h a n  m igh t  be u sed  
on p o r t a b l e  and v e h i c u l a r  r e c e i v e r s .  A h e l i x  i s  an example o f  a  s u i t a b l e  t y p e  
a n te n n a .

Portable receiving antennas

The use o f  sim ple antennas such as a  c ro s se d -d ip o le , cav ity -b ack ed  d ip o le , 
and s lo t t e d  d ip o le s  e x h ib it in g  a  g a in  in  th e  range o f  3 dBi to  5 dBi h as  g e n e ra lly  
been assumed in  th e  s tu d ie s .

Vehicular receiving antennas

V eh icu la r re c e iv in g  an tennas p la y  an  im portan t r o le  in  d e te rm in ing  sh a rin g  
p o s s i b i l i t i e s  and system  c o s t  in  s a t e l l i t e  sound b ro a d c a s tin g  system s. Simply 
s ta te d ,  th e  g re a te r  th e  v e h ic u la r  r e c e iv in g  an tenna g a in , th e  low er th e  s a t e l l i t e  
p e r-ch an n e l e . i . r . p .  S tu d ies  to  d a te  have g e n e ra lly  assumed th e  v e h ic u la r  re c e iv in g  
anterm a to  have a  g a in  on th e  o rd e r o f  5 dB i. However, work i s  c u r r e n t ly  under way 
[ B a l l A erospace, 1984, 1985; Cubic Corp. 1984, 1985] to  develop c i r c u l a r ly  
p o la r iz e d , s te e re d  a r ra y  antennas w ith  g a in s  o f  th e  o rd e r  o f  6-12 dBi s u i ta b le  fo r  
use  on au tom obiles, vans, and tru c k s . T h is work may have a p p l i c a b i l i t y  to  s a t e l l i t e  
sound b ro a d c a s tin g  system s fo r  s p e c i f ic  a p p l ic a t io n s  £"CCIR, 1 9 8 6 -9 0 f  J .

M echanically  and e le c t r o n ic a l ly  s te e r e d  ro o fto p  an tennas have been 
s tu d ie d . They p rov ide  reaso n ab le  g a in s  a t  mid to  h ig h  l a t i t u d e s ,  and suppress 
ground r e f le c t io n s  to  minimize m u ltip a th  fa d in g . Medium g a in  (6-12 dBi) s te e ra b le  
v e h ic u la r  an tennas may be a  v ia b le  a l t e r n a t iv e  to  low g a in  o m n id ire c tio n a l v e h ic u la r  
a n ten n as . The im plied  a d d it io n a l  expense i n  u s in g  a  s te e r a b le  an ten n a  may be o f f s e t  
by low er e . i . r . p .  from the  s a t e l l i t e ,  by th e  enhanced p o s s i b i l i t y  o f  sh a r in g  w ith  
o th e r  s e rv ic e s ,  and by improved o rb it-sp e c tru m  u t i l i z a t i o n .
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The d esig n , and as a consequence th e  c o s t  o f a  s a t e l l i t e  sound b ro a d c a s tin g  system, 
i s  s tro n g ly  dependent on the f a c to r s  a f f e c t in g  th e  p ro p ag a tio n  c h a r a c te r i s t i c s  on the  
sp a c e - to -E a rth  p a th  to  th e  v e h ic u la r  re c e iv e r  in  p a r t i c u la r ,  and g e n e ra lly  to  a l e s s e r  
e x te n t to  th e  p o r ta b le  r e c e iv e r . The p ro p ag a tio n  p a th  i s  s u b je c t to  a t te n u a tio n  by 
shadowing due to  b u ild in g s , t r e e s ,  and o th e r  fo l ia g e ;  and to  m u ltip a th  fad in g  due to  
d if fu s e  s c a t te r in g  from th e  ground and nearby  o b s ta c le s  such as t r e e s  and b u ild in g s . The 
degree o f  impairment to  th e  rec e iv e d  s ig n a l  le v e l  depends on th e  o p e ra tin g  frequency , the 
e le v a tio n  angle  to  th e  s a t e l l i t e ,  and th e  type o f  environm ent in  which th e  re c e iv e r  i s  
o p e ra tin g : w hether i t  i s  an open, r u r a l ,  wooded o r m ountainous, suburban o r  dense urban 
environm ent.

2 . 6 . 3 . 1  P r o p a g a t io n  m o d e ls
J

For moderate s a t e l l i t e  e le v a tio n  an g le s , i t  i s  known (see  Annex I I )  
t h a t  o v e r  l a r g e  a r e a s  ( o f  th e  o r d e r  o f  s e v e r a l  h u n d re d  w a v e le n g th s ) ,  
th e  mean v a lu e  o f  th e  f i e l d  s tre n g th  fo llow s a log-norm al d i s t r ib u t io n .  However, 
w ith in  sm all a rea s  (o f  th e  o rd e r o f  a  few w av e len g th s), two d is t r ib u t io n  models may 
be a p p lie d :

- R ayleigh  d is t r ib u t io n  where th e re  i s  no d i r e c t  l in e - o f - s ig h t  to  the  s a t e l l i t e ;  
o r

- Rice distribution where there is direct line-of-sight to the satellite; 
giving one component of constant amplitude, .

Although th e  p resen ce  o f  waves w ith  c o n s ta n t am plitude a p p lie s  to  a la rg e  
number o f  re c e iv in g  lo c a tio n s , th e  R ayleigh model, which i s  th e  l e a s t  fav o u rab le , 
canno t be ignored  s in c e  i t  i s  a p p lic a b le  in  many urban  a re a s .

R esu lts  o f  r e c e n t  measurements [Loo, 1985], [Jongejeans, e t  a l ,  1986] and 
[Lutz e t  a l ,  1986] su g g est t h a t  f o r  th e  purpose o f  an a ly z in g  th e  perform ance o f  
advanced d i g i t a l  s a t e l l i t e  sound b ro a d c a s tin g  system s u s in g  forw ard e r r o r  c o rre c tio n  
cod ing , th a t  th e  s a t e l l i t e - to - v e h ic u l a r  p ro p ag a tio n  p a th  may be modeled as a  
R ayleigh  fad in g  channel w ith  a  mean excess p a th  lo s s  dependent on th e  type o f  
o p e ra tin g  environm ent.

Four d i f f e r e n t  p ro p ag a tio n  p a th s  a re  considered :

- a  p o r ta b le  r e c e iv e r  o p e ra tin g  in s id e  a house th a t  i s  n o t shadowed by t r e e s ;

- a  v e h ic le  o p e ra tin g  in  a r u r a l  environm ent devoid o f  s ig n i f ic a n t  m u ltip a th  and 
shadowing by fo lia g e ;

-  a  v e h ic le  o p e ra t in g  in  a r u r a l  o r  su b u rb an  en v iro n m en t w ith  some m u lt ip a th  
and shadow ing by t r e e s  and f o l i a g e ;  and

- a  v e h ic le  o p e r a t in g  in  a dense  u rb an  en v iro n m en t w ith  s i g n i f i c a n t  m u lt ip a th  
from  n ea rb y  b u i ld in g s ,  c a r s  and o th e r  o b j e c t s .  ■

2 . 6 . 3  P r o p a g a t i o n  a s p e c t s
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In  g e n e ra l, th e  UHF s a t e l l i t e  p ro p ag a tio n  p a th  i s  c h a ra c te r iz e d  by shadowing and by 
the  presence  o f  m u ltip le  r e f le c te d  p a th s . The channel can be frequency  s e le c t iv e  o r non- 
s e le c t iv e  depending on th e  r e la t io n s h ip  between th e  d e lay  sp read  o f  th e  r e f l e c te d  waves 
and th e  channel bandw idth. The v a lu es  a s s o c ia te d  w ith  th e  d e la y  sp re a d  w i l l  be minimal in  
r u r a l  a re a s , and w i l l  be p ro g re s s iv e ly  la r g e r  in  suburban and u rb an  a re a s .  Measurements 
made a t  910 MHZ in  a  r u r a l  a re a  on a  s im u la ted  sp a c e - to -E a rth  p a th  in d ic a te  t h a t  th e  delay  
sp read  i s  predom inantly  le s s  th a n  1 /is and i s  p r im a r ily  due to  r e f l e c t i o n  and s c a t te r in g  
from th e  tru n k s  o f  t r e e s  [B u ltitu d e , 1987].

Comparable r e s u l t s  w ith  somewhat la r g e r  de lay  sp reads may be a n t ic ip a te d  f o r  th e  
s p a c e - t o - E a r t h  p a t h s  i n  a n  u r b a n  e n v iro n m e n t .  The m u l t i p a t h  p r o p a g a t i o n  
c h a r a c t e r i s t i c s  o f  t h e  s a t e l l i t e  c h a n n e l  a r e  u s u a l l y  d e s c r i b e d  i n  te r m s  o f  t h e  
m u l t i p a t h  d e l a y  s p r e a d  an d  c o r r e l a t i o n  b a n d w id th . The d e l a y  s p r e a d  T0 i s  a  
m e a su re  o f  th e  d u r a t i o n  o f  a n  a v e r a g e  pow er d e l a y  p r o f i l e  o f  t h e  c h a n n e l .  The 
c o r r e l a t i o n  b a n d w id th  Bc i s  t h e  b a n d w id th  a t  w h ic h  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
b e tw e e n  tw o s p e c t r a l  c o m p o n en ts  o f  th e  t r a n s m i t t e d  s i g n a l  t a k e s  a  c e r t a i n  v a l u e ,  
s a y  90%. The e m p i r i c a l  r e l a t i o n s h i p  b e tw e e n  th e  c o r r e l a t i o n  b a n d w id th  a t  90% 
c o r r e l a t i o n  a n d  th e  d e l a y  s p r e a d  i s  g iv e n  i n  s e c t i o n  4 o f  A nnex I I .

C onsidering  a  sim ple d i g i t a l  m odulation  system  o p e ra tin g  in  a  frequency  s e le c t iv e  
channel, th e  e r r o r  perform ance i s  dependent upon th e  sp read  o f  d e la y s  in tro d u ced  by th e  
d i f f e r e n t  p a th s , a s  w e ll as by th e  am plitude o f  th e  component s ig n a ls .  Assuming th a t  each 
wave i s  a f f e c te d  by a  m u lt ip l ic a t iv e  R ay leigh  p ro cess  [Pommier and Wu, 1986], w ith  an 
ex p o n en tia l d i s t r ib u t io n  o f  de lay s o f  s ta n d a rd  d e v ia tio n , T0 , a  l e v e l  o f  in tersym bo l 
in te r fe re n c e  w i l l  be in tro d u ced  which depends upon th e  d e la y -sp re a d  to  th e  sym bol-period  
r a t i o ,  Tr  ( i . e . ,  th e  r a t i o ,  Tq/T , where T i s  th e  d u ra tio n  o f  th e  m odu la tion  sym bol).

2 . 6 . 3 . 2  M i t i g a t i o n  t e c h n iq u e s

The u s e  o f  d i v e r s i t y  t e c h n iq u e s  o n  th e  v e h i c u l a r  r e c e i v e r  c a n  
s i g n i f i c a n t l y  im p ro v e  th e  p e r fo rm a n c e  o f  t h e  r e c e i v e r  w hen  o p e r a t i n g  i n  a  
h e a v i l y  sh ad o w ed , R a y le ig h  f a d i n g  e n v ir o n m e n t .  T h e re  a r e  t h r e e  p r im a r y  d i v e r s i t y  
t e c h n i q u e s :  1 ) f r e q u e n c y  d i v e r s i t y ,  2 ) t im e  d i v e r s i t y  a n d  3) s p a t i a l  d i v e r s i t y  
[ P r o a k i s ,  1 9 8 3 ] .  E ach  o f  t h e s e  t e c h n iq u e s  may b e  u s e d  w i t h  s y s te m s  e m p lo y in g  
d i g i t a l  m o d u la t io n  m e th o d s . H ow ever, f o r  s y s te m s  e m p lo y in g  f r e q u e n c y  m o d u la t io n ,  
s p a t i a l  d i v e r s i t y  i s  t h e  m o s t p r a c t i c a l  f a d i n g  m i t i g a t i o n  t e c h n i q u e  [ M i l l e r ,  
1 9 8 8 ] .  T h e se  d i v e r s i t y  m e th o d s  a r e  b r i e f l y  d e s c r i b e d  b e lo w .

2 . 6 . 3 . 2 . 1  F re q u e n c y  d i v e r s i t y

F re q u e n c y  d i v e r s i t y  u s e s  a  num ber o f  c a r r i e r s  s p a c e d  i n  f r e q u e n c y  b y  a n  
am ount t h a t  e q u a l s  o r  e x c e e d s  t h e  c o r r e l a t i o n  b a n d w id th  o f  t h e  c h a n n e l .  S p e c tru m  
e f f i c i e n c y  i s  r e t a i n e d  b y  f r e q u e n c y  i n t e r l e a v i n g  a  n um ber o f  s e p a r a t e  program m e 
c h a n n e ls  t o  c o m p le te ly  f i l l  t h e  f r e q u e n c y  b a n d . S p e c tru m  o c c u p a n c y  c a n  b e  
m a x im iz e d  b y  t h e  u s e  o f  o v e r l a p p in g  o r th o g o n a l  c a r r i e r s . I n d e p e n d e n t  f a d i n g  o f  
t h e  c a r r i e r s  r e q u i r e s  t h a t  t h e  d e l a y  s p r e a d  o f  th e  c h a n n e l  e x c e e d  some minimum 
v a l u e .  F o r  a  c h a n n e l  c h a r a c t e r i z e d  b y  a n  e x p o n e n t i a l  d i s t r i b u t i o n  o f  t h e  d e la y  
( t y p i c a l  o f  a  t e r r e s t r i a l  p a t h ) , t h e  m ean v a lu e  o f  t h e  d e l a y  s p r e a d  m u s t 
t y p i c a l l y  b e  g r e a t e r  t h a n  th e  r e c i p r o c a l  o f  t h e  program m e c a r r i e r  s p a c i n g .  I n  
t h e  c a s e  o f  t h e  s y s te m  d e s c r i b e d  i n  A nnex IV , h o w e v e r , t h e  c o n d i t i o n  t h a t  
a p p l i e d  i s  s im p ly  t h a t  t h e  t o t a l  c h a n n e l  b a n d w id th  h a s  t o  b e  a t  l e a s t  tw ic e  th e  
r e c i p r o c a l  o f  t h e  m ean v a lu e  o f  t h e  c h a n n e l  d e la y  s p r e a d .  When t h i s  c o n d i t i o n  i s  
m et ( in d e p e n d e n t ,  f r e q u e n c y  s e l e c t i v e ,  R a y le ig h  f a d i n g ) ,  a  r e d u c t i o n  i n  t h e  l i n k  
m a rg in  o f  up  t o  36 dB i s  p o s s i b l e  f o r  a  d i g i t a l  s y s te m  u n d e r  i d e a l  c o n d i t i o n s .
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B e c a u se  o f  t h i s  d e p e n d e n c e  on  d e l a y  s p r e a d ,  f r e q u e n c y  d i v e r s i t y  i s  m o s t s u i t a b l e  
f o r  u s e  i n  h e a v i l y  shad o w ed  u r b a n  a r e a s  w h ere  t h e  m ean d e l a y  s p r e a d  w i l l  b e  th e  
g r e a t e s t  a n d  in d e p e n d e n t  f a d in g  ( s e l e c t i v e  f a d in g )  o f  a d j a c e n t  c a r r i e r s  may be 
a s s u r e d .  I n  r u r a l  e n v i r o n m e n ts ,  th e  d e la y  s p r e a d  i s  so m e tim e s  to o  s m a l l  to  
p r o v id e  a  n a r ro w  en o u g h  c o r r e l a t i o n  b a n d w id th , th e n  th e  f a d in g  on  t h e  c h a n n e l  
w i l l  t e n d  to w a rd s  f l a t  f a d i n g  a n d  th e  a c t u a l  c o d in g  g a in  w i l l  b e  l e s s  t h a n
e x p e c te d .  I f  s u c h  a  s i t u a t i o n  o c c u r s ,  a n  e f f i c i e n t  m i t i g a t i o n  t e c h n iq u e  i s
e i t h e r  th e  c o m b in a t io n  o f  f r e q u e n c y  an d  tim e  d i v e r s i t y  o r  t h e  u s e  o f  s p a c e  
d i v e r s i t y .  A s y s te m  b a s e d  on  th e  u s e  o f  f r e q u e n c y  a n d  t im e  d i v e r s i t y  i s  
d e s c r i b e d  i n  A nnex IV .

2 . 6 . 3 . 2 . 2  Time diversity

Tim e d i v e r s i t y  i s  a  t e c h n iq u e  t h a t  i s  m o s t s u i t a b l e  f o r  u s e  w i th  
d i g i t a l  t r a n s m i s s i o n  m e th o d s . I t  r e q u i r e s  an  o r d e r l y  s c r a m b l in g  o f  t h e  d a t a  
sy m b o ls  p r i o r  t o  t r a n s m i s s i o n  a n d  th e  r e s t o r a t i o n  o f  t h e  o r d e r  a t  t h e  o u tp u t  o f
th e  r e c e i v e r .  The i n t r o d u c t i o n  o f  th e  o r d e r l y  s c r a m b l in g  a n d  d e s c r a m b l in g
t r a n s f o r m s  a  b u r s t  o f  e r r o r s  t h a t  o c c u r s  d u r in g  a  d eep  f a d e  i n t o  random  e r r o r s .  
The u s e  o f  t im e  d i v e r s i t y  co m b in ed  w i th  fo rw a rd  e r r o r  c o r r e c t i o n  c o d in g  w i l l  
r e s t o r e  th e  p e r fo rm a n c e  o f  f o rw a rd  e r r o r  c o r r e c t i o n  c o d e s  b y  t r a n s f o r m i n g  th e  
b u r s t  e r r o r  c h a n n e l  c a u s e d  b y  sh a d o w in g  a n d  R a y le ig h  f a d in g  i n t o  a  random  e r r o r  
c h a n n e l .  I d e a l l y ,  a  r e d u c t i o n  i n  th e  l i n k  m a rg in  o f  up to  36 dB i s  p o s s i b l e .

The p r i n c i p a l  d i s a d v a n ta g e s  o f  t im e  d i v e r s i t y  a r e :  t h e  n e e d  f o r  a l l  
r e c e i v e r s  t o  i n c o r p o r a t e  t h e  d e s c r a m b l in g  c i r c u i t r y  ( p r i m a r i l y  memory c h i p s ) ; 
p o o r  p e r fo rm a n c e  a t  v e h i c l e  s p e e d s  lo w e r  t h a n  th e  s y s te m  d e s i g n ,  a n d  p r a c t i c a l  
s i g n a l  p r o c e s s i n g  c o n s i d e r a t i o n s  w h ic h  l i m i t  a p p l i c a t i o n  t o  d i g i t a l  m o d u la t io n  
m e th o d s . A nnex I I I  d e s c r i b e s  t h e  d e s ig n  a n d  p e r fo rm a n c e  o f  a  s y s te m  b a s e d  on  th e  
u s e  o f  t im e  d i v e r s i t y .

2 . 6 . 3 . 2 . 3  Spatial diversity

S p a t i a l  d i v e r s i t y  i s  b a s e d  on  th e  u s e  o f  m u l t i p l e  r e c e i v i n g  a n te n n a s  
w h ic h  a r e  s p a c e d  s u f f i c i e n t l y  f a r  a p a r t  so  t h a t  th e  r e c e i v e d  s i g n a l s  f a d e  
i n d e p e n d e n t ly .  The in d e p e n d e n t ly  f a d in g  s i g n a l s  a t  t h e  o u t p u t  o f  e a c h  a n te n n a  
a r e  th e n  c o m b in ed  t o  fo rm  a n  o u tp u t  s i g n a l  w hose f a d in g  d e p th  i s  s i g n i f i c a n t l y  
l e s s  th a n  t h e  f a d i n g  d e p th  o f  th e  i n d i v i d u a l  s i g n a l s .  One c o m b in in g  m e th o d  i s  
m a x im u m -ra tio  c o m b in in g . One im p le m e n ta t io n  o f  t h i s  m e th o d  u s e s  M p h a s e - lo c k e d  
lo o p s  to  b r i n g  t h e  s i g n a l s  a t  th e  o u tp u t  o f  M a n te n n a s  i n t o  p h a s e  c o h e r e n c e .  The 
s i g n a l s  a r e  t h e n  a m p l i tu d e  w e ig h te d  a n d  summed t o  fo rm  a  c o m p o s i te  s i g n a l .  Quad- 
d i v e r s i t y  w i th  m a x im a l - r a t i o  c o m b in in g  i n  a  R a y le ig h  f a d i n g  e n v iro n m e n t  w i l l  
p e r m i t  a  36 dB r e d u c t i o n  i n  th e  l i n k  m a rg in  f o r  a  d i g i t a l  s y s te m  u n d e r  i d e a l  
c o n d i t i o n s .

F o r  a n  a n a lo g u e  FM s y s te m , a  26 dB r e d u c t i o n  i n  th e  d e p th  o f  a  f a d e  
a t  t h e  0 .0 0 1  p r o b a b i l i t y  v a lu e  may b e  a c h ie v e d  w i th  q u a d - d i v e r s i t y  a n d  m ax im al- 
r a t i o  c o m b in in g  [ M i l l e r ,  1 9 8 8 ] .  The a d v a n ta g e s  o f  s p a t i a l  d i v e r s i t y  a r e :  
a p p l i c a b l e  t o  b o th  a n a lo g u e  FM a n d  d i g i t a l  s y s te m s ,  a n d , i t  d o e s  n o t  im p o se  
c o m p le x i ty  on  a l l  r e c e i v e r s ,  o n ly  on  th o s e  ( v e h i c u l a r  r e c e i v e r s )  w h ic h  n e e d  th e  
a d d e d  p e r fo rm a n c e  a f f o r d e d  b y  th e  u s e  o f  s p a t i a l  d i v e r s i t y .  The d i s a d v a n ta g e  o f  
s p a t i a l  d i v e r s i t y  i s  t h e  n e e d  f o r  m u l t i p l e  a n te n n a s  on  t h e  v e h i c l e  a s s o c i a t e d  
w i th  a  s e t  o f  s e v e r a l  i n t e r d e p e n d e n t  p h a s e  lo c k e d  lo o p s .  A d d i t i o n a l  s t u d i e s  a r e  
n e e d e d  to  f u l l y  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  s p a t i a l  d i v e r s i t y  w hen a p p l i e d  to  
FM a n d  d i g i t a l  s y s te m s  p a r t i c u l a r l y  i n  u rb a n  e n v ir o n m e n ts .
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S e v e r a l  v a l u e s  o f  l i n k  m arg in  have been  assumed i n  t h e  f o l lo w in g  t a b l e .  
These a r e  e s t i m a t e s  o f  th e  a l lo w a n c e s  r e q u i r e d  i n  t h e  v a r i o u s  c a s e s  l i s t e d  below . 
F u r t h e r  d i s c u s s i o n  o f  t h i s  p rob lem  i s  g iv e n  i n  Annex I I .

Case A: In this case a margin of 6 dB is used. This should give a C /N  of at least 10 dB for 90% of 
receiving points in a rural area, and for an angle of elevation of the satellite exceeding 70°, corresponding 
to a service in low-latitude areas. Mobile reception on roads in these circumstances should be satisfactory,
i.e. above threshold, except when close to tall obstructions that would be obvious to the listener.

Case B: The 15 dB margin covers the case of Annex I, namely reception in an urban area, for 20° angle 
of elevation of the satellite (high-latitude country) and to a service quality corresponding to a 
C /N  > 10 dB at 90% of sites [Guilbeau, 1979].

Case C: The 25 dB margin covers the case of reception in urban areas where 90% of areas are served in* 
such a way that 90% of receiving points within the area receive a C /N  o f at least 10 dB. (See § 3.1 of 
Annex IV.)

Case D: As for Case C but with 95% of areas having 90% of points with a C /N  value at least 10 dB. (See 
Annex II.)

C ase  E: T h is  c a s e  a p p l i e s  t o  t h e  a d v a n c e d  d i g i t a l  s y s te m  f o r  v e h i c u l a r  r e c e i v e r s  
o p e r a t i n g  i n  a  s l i g h t l y  shad o w ed  r u r a l  a r e a .  The c h a n n e l  i s  c o n s e r v a t i v e l y  
m o d e l le d  a s  a  R a y le ig h  f a d i n g  c h a n n e l  w i th  a  m ean e x c e s s  p a t h  l o s s  o f  0 dB.

C ase  F: T h is  c a s e  a l s o  a p p l i e s  t o  t h e  a d v a n c e d  d i g i t a l  s y s te m s  f o r  v e h i c u l a r  
r e c e i v e r s  o p e r a t i n g  i n  a  h e a v i l y  shadow ed  r u r a l  a r e a  o r  e v e n  i n  a  d e n s e  u r b a n  
a r e a  w h e re  c h a n n e l  f r e q u e n c y  s e l e c t i v i t y  m u s t b e  t a k e n  i n t o  a c c o u n t .  The c h a n n e l  
i s  m o d e l le d  a s  a  R a y le ig h  f a d i n g  c h a n n e l  w i th  m ean e x c e s s  p a t h  l o s s  o f  10 dB.

For advanced  d i g i t a l  s y s te m s ,  c a s e  F i s  d i r e c t l y  co m p arab le  w i th  
Case B f o r  a n a lo g u e  s y s te m s ;  t h e  l i n k  m arg in  i s  r e d u c e d  by 5 dB b e c a u s e  t h e  
advanced  d i g i t a l  sy s tem s  e l i m i n a t e  t h e  e f f e c t  o f  R a y le ig h  f a d in g  and  t h u s  o n ly  
t h e  f a c t o r  (10 dB) r e p r e s e n t i n g  t h e  lo g -n o rm a l  d i s t r i b u t i o n  b f  t h e  f i e l d - s t r e n g t h  
o v e r  l a r g e  a e r a s  needs  t o  be  i n c lu d e d  ( s e e  Annex I I ) .

C ase  G: T h is  c a s e  a p p l i e s  t o  t h e  o p e r a t i o n  o f  a  p o r t a b l e  r e c e i v e r  i n s i d e  a  
s i n g l e  s t o r e y  h o u s e .  The c h a n n e l  i s  m o d e l le d  a s  a n  a d d i t i v e  w h i t e  G a u s s ia n  n o i s e  
(AWGN) c h a n n e l  w i th  a  m ean e x c e s s  p a t h  l o s s  o f  12 dB,

2 . 6 . 4  L in k  b u d g e ts  f o r  v a r i o u s  sy s te m *

The l i n k  b u d g e ts  f o r  t h e  v a r i o u s  ty p e s  o f  s y s te m s  s t u d i e d  a r e  g iv e n
below .

2 . 6 . 4 . 1  FM s y s te m s

T a b le  11 show s th e  l i n k  b u d g e ts  f o r  t h e  tw o FM s y s te m  e x a m p le s  w i th  th e  
v a r i o u s  l i n k  m a rg in  c a s e s  A, B, C a n d  D a s  d e f i n e d  i n  s e c t i o n  2 .6 .3 .3 . The C/N 
v a l u e s  i n d i c a t e d  a r e  th o s e  r e q u i r e d  f o r  a n  a u d io  S/N  o f  40  dB ( w e ig h te d ,  
m o n o p h o n ic  r e c e p t i o n )  a n d  assu m e  th e  u s e  o f  a  p h a s e - l o c k e d - l o o p  d e m o d u la to r .
(F o r  a  c o n v e n t i o n a l  d e m o d u la to r  a  C/N v a lu e  o f  a b o u t  10 dB w o u ld  b e  n e c e s s a r y  
b e c a u s e  o f  t h r e s h o l d  e f f e c t s ) .  F o r  a  g iv e n  s t a n d a r d  o f  s e r v i c e  t h e  p . f . d  
r e q u i r e d  i s  l e s s  f o r  com panded  FM w i th  10 kHz a u d io  b a n d w id th  t h a n  f o r  
c o n v e n t io n a l  FM w i th  15 kHz b a n d w id th . F o r  e x a m p le , f o r  l i n k  m a rg in  c a s e  "A” , 
t h e  p . f . d .  v a l u e s  a r e  - 1 2 3 .4  dB(W/m^) a n d  - 1 1 4 .1  dB (W /m ^), r e s p e c t i v e l y .

2.6.3.3 Link margins
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TABLE II - Link budget at i GHz for FM systems

P o la r iz a t io n

Type o f  m odulation 

R e c e p t io n  mode

C irc u la r

FM companded 

M onophonic

FM conven tio n a l 

M o n o p h o n ic d)

Audio bandwidth kHz 10 15

C a r r ie r  d e v ia tio n kHz 26.5 75

Noise bandwidth kHz 73 ( -  48 .6  dBHz) 180 ( -  52.6 dBHz)

R equired  (C/N) 
t o t a l * 2 )

dB 4 .0 9.3

S u b je c t i v e  sound 
im pairm en t g ra d e (3)

3 3

D egradation  due to  
u p - l in k  C/N

dB 0 .4 0 .4

R equired  dow n-link C/N dB 4 .4 9 .7

Im plem entation margin dB 1 1

R eceive an tenna g a in dBi 5 5

Coupling lo s s dB 1 1

R ece iv er n o ise  
tem pera tu re

K 600

O
OCM1s
y dEK) 600 ( -  27 .8  dBK)

A rea o f  i s o t ro p ic  
an tenna  a t  1 GHz

dBm2 -21 .4 -21 .4

L in k  m a rg in  c a s e A B C D A B C D

Link  m argin dB 6 15 25 33 6 15 25 33

L in e -o f - s ig h t  
PFD a t  edge 
o f  beam (-3  dB)

dB(W/m2) -123.4 -114.4  - 104.4 -96 .4 -114 .1  -105.1 -95 .1 -87 .1

E q u iv a len t f i e l d  
s t r e n g th  a t  edge 
o f  beam (dB(pV/m))

22.4 31.4 4 1 .4 49 .4 31.7  40.7 50.7 58.7

S preading  lo s s dBm2 162.4 162.9 162.9 162.9 162.4 162.9 162.9 162.9

E . i . r . p .  on a x is dBW 42 51.5 61.5 69.5 51.3 60.8 70.8 78.8

T ra n sm itte r  power dBW -1 .9 7 .6 17.6 25.6 7 .4  16.9 26.9 34.9
f o r  1° beamwidth

( 1 )  -  S te r e o p h o n ic  r e c e p t i o n  i s  p o s s i b l e  f o r  f i x e d  r e c e i v e r  w i th  h i g h e r  g a in  a n te n n a .

( 2 )  - The use o f  a  phase-locked  loop dem odulator i s  assumed. This C/N i s  re q u ire d  fo r  
40 dB audio  S/N. I t  exceeds th e  PLL th re sh o ld .

(3 )  “ See Recommendation 562 .
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2 . 5 . 4 . 2  FM s y s te m  u s in g  s p a c e  d i v e r s i t y  on  th e  v e h i c l e

T a b le  IV show s a  l i n k  b u d g e t  f o r  a  v e h i c u l a r  r e c e i v e r  u s i n g  q u a d -  
s p a t i a l  d i v e r s i t y  a n d  m ax im al r a t i o  c o m b in in g  to  r e c e i v e  a n  a n a lo g u e  FM c h a n n e l  
[ M i l l e r ,  1 9 8 8 ] .  The r e c e i v i n g  e n v iro n m e n ts  c o r r e s p o n d  to  t h o s e  d e s c r i b e d  a s  
C ase  E ( s l i g h t l y  shad o w ed  r u r a l  a r e a  w i th  R a y le ig h  f a d i n g  a n d  a  m ean e x c e s s  p a th  
l o s s  o f  0 dB) an d  C ase  F ( h e a v i l y  shadow ed  r u r a l  a r e a  w i th  R a y le ig h  f a d i n g  a n d  a  
m ean e x c e s s  p a t h  l o s s  o f  10 d B ) . I t  i s  n o t e d  t h a t  f i x e d  a n d  p o r t a b l e  r e c e i v e r s  
do n o t  r e q u i r e  m u l t i p l e  a n te n n a s  an d  s i g n a l  c o m b in in g  c i r c u i t r y  i n  o r d e r  to  
r e c e i v e  t h e  a n a lo g u e  FM so u n d  program m e c h a n n e l .

2 . 6 . 4 . 3  S im p le  d i g i t a l  s y s te m s

The example described in  th is  sec tio n  (see Table IV) i s  based on a  source b i t  r a te  o f 
338 k b i t / s  p e r  monophonic channel which can be o b ta in ed  by n e a r  - in s  tananeous
co m p an d in g  [CCIR, 1 9 8 2 -8 6 a ]  o r  by  a d a p t iv e  d e l t a  m o d u la t io n .

A g re a t  number o f  m odulation schemes e x i s t  ; Most o f  th o se  which can be 
d e te c te d  w ith  reaso n ab ly  sim ple re c e iv e r  c i r c u i t r y  have g e n e ra lly  s im i la r  power 
requ irem en ts; they  d i f f e r  s l i g h t ly  in  such a reas  as s p e c tr a l  c h a r a c t e r i s t i c s ,  
s e n s i t i v i t y  to  channel d i s to r t io n s  (such as a r i s e  in  th e  s a t e l l i t e  high-pow er 
a m p l i f ie r ) , and ease  o f  dem odulation. The example u ses  VSB 2-PSK.

The p e r fo rm a n c e  o f  t h e s e  s im p le  d i g i t a l  s y s te m s  w i l l  b e  a f f e c t e d  by t h e  
c h a n n e l  f r e q u e n c y  s e l e c t i v i t y .  H ow ever, t h e  l i n k  b u d g e t  o f  t h i s  e x a m p le  r e f e r s  t o  
t h e  b e s t  p r o p a g a t io n  c a s e  w h e re  no f r e q u e n c y  s e l e c t i v i t y  o c c u r s  i n  t h e  t r a n s m i s s i o n  
c h a n n e l .

2 . 6 . 4 . 4  Advanced digital system I ( s e e  a l s o  A nnex I I I )

The a d v a n c e d  d i g i t a l  s y s te m  ex am p le  d e s c r i b e d  i n  t h i s  s e c t i o n  i s  b a s e d  
on  a  'c o m b in a t io n  o f  t e c h n o l o g i e s  i n  v a r io u s  s t a g e s  o f  d e v e lo p m e n t t h a t  s h o u ld  
r e a c h  a  s u i t a b l e  s t a g e  o f  d e v e lo p m e n t f o r  s a t e l l i t e  so u n d  b r o a d c a s t i n g  f o r  
i n d i v i d u a l  r e c e p t i o n  by  p o r t a b l e  an d  a u to m o b i le  r e c e i v e r s  i n  o r  b e f o r e  1990 
[C C IR , 1 9 8 6 - 9 0 d ] . The k e y  f e a t u r e s  o f  t h i s  s y s te m  a r e :

-  th e  use o f  a  low -cost a d ap tiv e  d e l ta  m odulation (ADM) sound encoding techn ique 
which has a lre a d y  been reduced to  p r a c t ic e  fo r  h ig h  q u a l i ty  consumer audio 
a p p lic a t io n s  [Dolby, 1985; S ig n e tic s , 1985];

. t h e  u s e  o f  c o n v o l u t i o n a l  c o d in g  (R = 1 /2 ;  K — 7 )  an d  V i t e r b i  maximum
l i k e l i h o o d  d e c o d in g  f o r  f o rw a rd  e r r o r  c o r r e c t i o n  (F E C ); an d

- in te r le a v in g /d e  - in te r le a v in g  as an  e f f e c t iv e  means to  m it ig a te  th e  s e r io u s  
e f f e c t s  o f  ra p id  fad in g  on th e  s a t e l l i t e - to - v e h ic u l a r  r e c e iv e r  p ro p ag a tio n  
p a th ;

- t h e  u s e  o f  s p a t i a l  d i v e r s i t y  r e c e p t i o n  on a  v e h i c l e  t o  p r o v id e  s e r v i c e  
c o n t i n u i t y  w hen t h e  v e h i c l e  i s  s t a t i o n a r y .
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TABLE H I

L in k  b u d g e t  f o r  a n  a n a lo g u e  FM s a t e l l i t e  so u n d  b r o a d c a s t i n g  
s v s te m /s  s e r v i n g  a  v e h i c u l a r  r e c e i v e r  u s in g  q u a d - s p a t i a l

P o lariza tio n C ircular

Type of modulation 
R ecep tio n  mode

FM companded 
Monophonic

FM conventional 
Monophonic^ *)

Audio bandwidth kHz 10 15

C arrie r deviation kHz 26.5 75

Noise bandwidth kHz 73 (= 48.6 dBHz) 250 (= 54 dBHz)

Required (C/N) 
to ta l I  2)

dB 4.0 10 .0

S u b je c t iv e  sound 
im pairm ent g rade (3 )

3 3

Degradation due to 
u p -lin k  C/N

dB 0.4 0.4

Required down-link C/N dB 4.4 10 .4

Implementation margin dB 1 1

Receive antenna gain dBi 5 5

Coupling loss dB 1 1

Receiver noise 
temperature

K 600 ( = 27.8 dBK) 600 (= 2 7 .8  dBK)

Area of iso trop ic  
antenna a t 1 GHz

dBm2 -21.4 -21.4

Link m argin ca se E F E F

Link margin ' dB 3 .5  13 .5 3 .5 13 .5

L ine-o f-sigh t 
PFD a t  edge 
of beam (-3 dB)

dB(V/m2) -1 2 5 .9  -1 1 5 .9 -1 1 4 .5  -•104.5

Equivalent f ie ld  
s tren g th  a t edge 
o f beam (dB0iV/m)) 19 .9  29 .9 31 .3 4 1 .3

Spreading loss dBm2 163.0  163.0 163.0 163.0

E . i . r .p .  on axis dBW .t­ o »—• Cn O ►—* 5 1 .5 6 1 .5

Transm itter power dBW . 0 .4  4 .2 5 .8 57 .5
fo r 1° beaniwidth

(1 )  - S te re o p h o n ic  r e c e p t io n  i s  p o s s ib le  f o r  f ix e d  r e c e iv e r  w ith  h ig h e r  g a in  an ten n a .

(2 )  - The use of a phase'locked loop demodulator is  assumed. This C/N is  required fo r 
40 dB audio S/N. I t  exceeds the PLL threshold.

(3 )  -  See Recommendation 562.
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P o la r iz a t io n  

Type o f m odulation 

R e c e p t io n  mode 

E rro r p ro te c t io n

C irc u la r  

VSB 2-PSK 

M o n o p h o n ic ^ )  

Concealment

T o ta l b i t  r a t e  ( k b i t / s ) 364

R equired E^/N0 ( fo r  
1 0 b i t - e r r o r  r a t i o )  (dB)

8 .4

S u b je c t i v e  sound im pairm en t g r a d e (2) 1+

R equired C/N0 t o t a l  (dBHz) 64

D egradation  due to  up­
l in k  (dB)

0 .4

R equired dow n-link C/N0 (dBHz) 64.4

Im plem entation m argin (dB) 1

In te r fe re n c e  allow ance (dB) 2

R eceive an tenna g a in  (dBi) 5

C oupling lo s s  (dB) 1

R ece iver n o ise  tem pera tu re  (K) 600 ( -  27.8 dBK)

Area o f  is o tro p ic  
an tenna a t  1 GHz (dB(m^))

-21 .4

L in k  m a rg in  c a s e A B C D

Link m argin (dB) 6 15 25 33

L in e -o f -s ig h t  PFD a t
edge o f  beam (-3  dB) (dB(W/m2))

-110 -101 -91 -83

E qu iva len t f i e l d  
s tr e n g th  (dB(/i V/m))

35.8 44 .8 54.8 62.8

Spreading lo s s  (dB(m^)) 162.4 162.9 162.9 162.9

E . i . r . p .  on a x is  (dBW) 55.4 64.9 74.9 82.9

T ran sm itte r  power fo r 11.5 21 31 39
1° beam (dBW)

(1) - Stereophonic mode requires doubling the total bit-rate. Consequently, 
the transmitter power would also be doubled.

(2 )  -  See Recommendation 562
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L in k  b u d g e ts  f o r  t h r e e  l i n k  m a rg in  c a s e s  a r e  g iv e n :

- a  v e h i c u l a r  r e c e i v e r  o p e r a t i n g  in  a h e a v i l y  f o l i a g e d  r u r a l  e n v iro n m e n t
(1 0  dB e x c e s s  p a th  l o s s )  ( c a s e  F ) ;

-  a  v e h i c u l a r  r e c e i v e r  o p e r a t i n g  in  a  l i g h t l y  f o l i a g e d  r u r a l  e n v iro n m e n t
(0  dB e x c e s s  p a th  l o s s )  ( c a s e  E ) ;  and

-  a  p o r t a b l e  r e c e i v e r  o p e r a t i n g  i n s i d e  a h o u se  (1 2  dB e x c e s s  p a th  l o s s )
( c a s e  G ).

As d i s c u s s e d  in  s e c t i o n  2 .5 .3 .3  an d  p ro v id e d  t h a t  t h e  c o r r e l a t i o n  
b a n d w id th  i s  s m a l l  in  c o m p a r is o n  t o  t h e  b a n d w id th  o f  t h e  t r a n s m i t t e d  s i g n a l ,
t h e  f i r s t  c a s e  i s  a l s o  com parab le  t o  a v e h i c u l a r  r e c e i v e r  o p e r a t i n g  i n  an u rb a n  
en v iro n m en t  w i th  an e x c e ss  p a th  l o s s  o f  10 dB.

V alues  g iv e n  in  T ab le  V f o r  power f l u x - d e n s i t y  and  s p e c t r a l  power 
f l u x - d e n s i t y  a r e  some 10 t o  20 dB l e s s  t h a n  f o r  c o n v e n t io n a l  FM o r  s im p le  d i g i t a l  
sy s tem s  o p e r a t i n g  i n  a s i m i l a r  e n v i ro n m e n t .  N o te  t h a t  c o m p a ra b le  p e r fo rm a n c e  i s  
a v a i l a b l e  t o  t h e  v e h i c u l a r  r e c e i v e r  s o l e l y  b y  th e  u s e  o f  q u a d - s p a t i a l  d i v e r s i t y  
a n d  m ax im al r a t i o  c o m b in in g . R e ly in g  o n  t h e  u s e  o f  s p a c e  d i v e r s i t y  i n  th e  
v e h i c u l a r  r e c e i v e r  i n s t e a d  o f  t im e  d i v e r s i t y  p e r m i t s  t h e  d e s ig n  a n d  m a n u f a c tu r e  
o f  f i x e d  an d  p o r t a b l e  r e c e i v e r s  t h a t  a r e  s im p le r  a n d  t h a t  s h o u ld  c o s t  l e s s .

2 . 6 . 4 . 5  Advanced digital system II (see also Annex IV)

A d v an ced  d i g i t a l  s y s te m  I I  i s  s p e c i f i c a l l y  d e s ig n e d  t o  o v erco m e th e  
f r e q u e n c y  s e l e c t i v i t y  o f  th e  c h a n n e l ,  so  i t  i s  w e l l  s u i t e d  f o r  v e h i c u l a r  
r e c e p t i o n  i n  u r b a n  e n v iro n m e n ts  [CCIR, 1 9 8 6 -9 0 b , c ] . I t  i s  b a s e d  on :

-  e f f i c i e n t  s o u r c e  so u n d  e n c o d in g  w i th  s u b s t a n t i a l  b i t - r a t e  r e d u c t i o n ;

-  c o n v o l u t i o n a l  c h a n n e l  c o d in g  w i th  V i t e r b i  d e c o d in g ;

-  f r e q u e n c y  a n d  t im e  i n t e r l e a v i n g  i n  o r d e r  t o  o v erco m e s e l e c t i v e  f a d in g  
e f f e c t s ;

-  c o d e d  o r th o g o n a l  f r e q u e n c y  d i v i s i o n  m u l t i p l e x i n g  (COFDM);

-  t h e  u s e  o f  a  g u a rd  i n t e r v a l  b e tw e e n  tw o s u c c e s s i v e  sy m b o ls .

Basic assumptions

- s o u r c e  b i t  r a t e  p e r  s t e r e o p h o n i c  so u n d  program m e: 168 k b i t / s  ( s y s te m  ex am p le  
A ) , 224 k b i t / s  ( s y s te m  ex am p le  B ) ;

-  m o d u la t io n :  4-PSK  w i th  d i f f e r e n t i a l  d e t e c t i o n ;

-  c h a n n e l  c o d in g :  f r e q u e n c y  i n t e r l e a v i n g  a n d  c o n v o l u t i o n a l  c o d e  o f  r a t e  1 /2  
c o n s t r a i n t  l e n g t h  7 a n d  f r e e  d i s t a n c e  10 ;

-  t y p i c a l  d e l a y  s p r e a d :  2 ps w h ic h  i s  r e p r e s e n t a t i v e  o f  d e n s e  u r b a n  e n v iro n m e n ts  
i n  E u ro p e .
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D e p e n d in g  on th e  s o u r c e  r a t e  (A o r  B) an d  w i th  a  t o t a l  o f  256 c a r r i e r s ,  
t h e r e  a r e  r e s p e c t i v e l y  16 a n d  12 s t e r e o p h o n i c  p ro g ram m es a v a i l a b l e  i n  a  
4 MHz b a n d .

The l i n k  b u d g e t  f o r  C ase  F w i th  a  l i n k  m a rg in  o f  10 dB i s  g iv e n  i n
T a b le  V.

TABLE V - Link budget examples for an advanced digital satellite sound 
broadcasting system I operating in Band 9

System param eter Value

Type o f  m odulation  QPSK
R e c e p t io n  mode monophonic d  /
B it  r a t e  ( k b i t / s )  204
Symbol r a te  (k sp /s )  408
R equired RF bandw idth (kHz) 400
R eceived S/N (dB) 58
S u b jec tiv e  sound im pairm ent grade 4.5
Received b i t - e r r o r  r a t i o  10*^
Audio bandw idth (kHz) 15
C a rr ie r  frequency  (MHz) 1000

L in k  m a rg in  c a s e

R eceiver an tenna g a in  (dBi) 
Coupling lo s s  (dB)
R eceiver system  n o ise  temp. (K) 
R equired E^/N0 (dB)
Im plem entation  m argin (dB)
Mean excess p a th  lo s s  (dB) 
L in e -o f - s ig h t  PFD a t  beam edge 

(dB(W/m2))
E qu iv a len t f i e l d  s tre n g th  a t  beam 

edge (dB(/iV/m)
Maximum beam -centre PFD p e r  

4 kHz (dB(W/(m2 -4 kH z)))
Maximum sp read in g  lo s s  (<pQ -  17°) 

(dB/m2)
E . i . r . p .  o n -ax is  (dB(W))

Automobile
Heavy

fo lia g e

10
- 111.8

34.0

-125.9

54.2

5.0
1.0 
600 
7 .4  
1.0

163.0

E

L ig h t
f o l ia g e

0
- 121.8

24.0

-135 .9

44 .2

G
House

5.0
1.0 
600 
3.8 
1.0

12.0
■113.4

32.4

■127.5

163.0

52.6

S a t e l l i t e  an tenna g a in
(D-20 m) f o r  1° beamwidth (dBi) 43 .9  43.9

Antenna in p u t power (dB(W)) 10.3 0 .3  8 .7
Antenna in p u t power (W) 10.7 1 .1  7 .4

( 1 )  -  S te r e o p h o n ic  mode r e q u i r e s  d o u b l in g  t h e  b i t  r a t e .  C o n s e q u e n t ly  t h e  
sy m b o l r a t e ,  r e q u i r e d  RF b a n d w id th  an d  a n te n n a  i n p u t  p o w er w o u ld  a l s o  b e  
d o u b le d .

(2 )  -  See R ecom m endation  562
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TABLE VI

L in k  b u d g e t  f o r  t h e  a d v a n c e d  d i g i t a l  s v s te m  I I  (1  GHz)

S y stem  ex am p le  S y stem  ex am p le

A B
(16 p r o g r . / 4  MHz) (12 p r o g r . / 4  MHz)

P o l a r i z a t i o n  
E r r o r  p r o t e c t i o n
T o ta l  b i t  r a t e  p e r  s t e r e o p h o n ic  so u n d  
program m e ( k b i t / s )  »

f o r  10 BER (dB)R e q u ire d  
S u b je c t iv e  so u n d  im p a irm e n t (1 )
R e q u ire d  C/N t o t a l  p e r  s t e r e o p h o n ic  
c h a n n e l  (dBH z)*
D e g r a d a t io n  due  to  u p - l i n k  C/N (dBH z)* 
R e q u ire d  down l i n k  C/N (dB H z)^ 
Im p le m e n ta t io n  m a rg in  td B )* *  
I n t e r f e r e n c e  a l lo w a n c e  (dB)
R e c e iv e  a n te n n a  g a in  (d B i)
C o u p lin g  l o s s  (dB)
R e c e iv e r  n o i s e  t e m p e r a tu r e  (K)

(=
S a t e l l i t e  a n te n n a  g a in  f o r  1° b eam w id th  (d B i)  
S ta n d a r d  o f  s e r v i c e  ( s e e  § 6 .4 .2 ) ,
L in k  m a rg in  (dB)
L i n e - o f - s i g h t  PFD a t  beam  ed g e  ( - 3  dB) 
(dB<W/m2> ) *
E q u iv a le n t  f i e l d  s t r e n g t h  a t  beam  edge 
(dBfjtV/m) *

.L i n e - o f - s i g h t  PFD a t  beam  c e n t r e  p e r  4 kHz f o r  
t h e  f u l l  so u n d  m u l t i p l e x  (dBW/<m2 4 kHz>) 
S p re a d in g  l o s s  (dB /m 2 ) (8 = 1 7 °)
E ^ i . r . p .  on a x i s  (dBW)*
A n te n n a  in p u t  pow er f o r  a  1° beam  (dBW)* (2 ) 
A n te n n a  i n p u t  pow er f o r  a  1° beam  (W)*

C i r c u l a r  
FEC ( 1 /2 )

336
8 .5
4 .5

6 0 .8  
0 .4  

6 1 .2  
2 '
1
5
1

600 
2 7 .8  dB/K) 

4 3 .9  
F 

10 
- 1 0 9 .2

3 6 .6

- 1 2 3 .6
163

5 6 .8
1 2 .9  
1 9 .5

C i r c u l a r  
FEC ( 1 /2 )

448
8 .5
4 .5

62
0 .4
6 2 .4

2
1
5
1

600 
(= 2 7 .8  dB/K) 

4 3 .9  
F 

10 
-1 0 8

3 7 .8

- 1 2 3 .6
163

58
1 4 .1
2 5 .7

* IT hese f i g u r e s  d e s c r i b e  th e  p o w e r, e t c .  r e q u i r e m e n ts  p e r  s t e r e o p h o n ic  
^program m e.

** 'T h is  v a lu e  i n c l u d e s  a  1 dB a l lo w a n c e  f o r  th e  u s e  o f  a  20% g u a rd  i n t e r v a l  
\ ( s e e  A nnex IV) .

(1 )  !See R ecom m endation  562
(2 )  T h ese  l i n k  b u d g e ts  h a v e  b e e n  c a l c u l a t e d  on th e  b a s i s  o f  i n p u t  pow er t o  th e

a n te n n a  to  s a t i s f y  g iv e n  l i n k  q u a l i t y  c r i t e r i a .  G iv en  th e  d i s t o r t i o n  t h a t
w i l l  a r i s e  f o r  th e  co m p lex  m o d u la t io n  s y s te m  u s e d ,  i t  i s  p r o b a b le  t h a t  th e
f i n a l  o u tp u t  a m p l i f i e r  w i l l  h av e  to  o p e r a t e  u n d e r  b a c k o f f .  W h i l s t  f u t u r e  
s t u d i e s  c o n t i n u e ,  i t  i s  c u r r e n t l y  e x p e c te d  t h a t  th e  n e c e s s a r y  o u tp u t  
■ backoff v a lu e  w i l l  b e  b e tw e e n  4 and  5 dB.
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The frequency band s e le c te d  f o r  th e  sound b ro ad cas tin g  s a t e l l i t e  se rv ic e  w i l l  a f f e c t  
in te r - s e r v ic e  sh a rin g . The sh a rin g  p o s s i b i l i t i e s  a re  dependent upon th e  p e rm iss ib le  le v e l 
o f in te r fe re n c e  in to  e x is t in g  s e rv ic e s  and s u s c e p t ib i l i ty  o f  th e  newly proposed s e rv ic e  to  
in te r fe re n c e  from th e  e x is t in g  s e rv ic e s .  Assuming a  f ix e d  re c e iv in g  antenna g a in  fo r  near 
o m n i-d ire c tio n a l re c e p tio n , th e  re q u ire d  le v e l  o f  p . f .d .  fo r  a c c e p tab le  re c e p tio n  q u a l i ty  
w i l l  in c re a se  w ith  an  in c re a se  in  frequency and conversely  w i l l  dec rease  w ith  a  decrease  
in  freq u en cy .

The T ab le  o f  F req u en cy  a l l o c a t i o n s  f o r  bands  w i t h i n ,  and a l s o  o u t s i d e  
b u t  n e a r  t h e  ra n g e  500 MHz -  2 000 MHz p r o v id e s  f o r  numerous ra d io c o m m u n ic a t io n  
s e r v i c e s ,  i n c l u d i n g  b r o a d c a s t i n g ,  f i x e d  and m ob ile  s e r v i c e s ,  a s  w e l l  a s  a e r o n a u t i c a l ,  
r a d i o n a v i g a t i o n  and r a d i o l o c a t i o n  s e r v i c e s .  S h a r in g  c r i t e r i a  w e re ,  ho w ev er ,  found  
t o  be o n ly  a v a i l a b l e  a t  t h i s  t im e  f o r  t h e  b r o a d c a s t i n g ,  f i x e d  and m o b i le  s e r v i c e s  
i n  c e r t a i n  b a n d s .

2.7.1 A p p lic a tio n  o f  system  models to  sharing

S e c t i o n  2 .6  d e s c r i b e s  s e v e r a l  sys tem s which r e p r e s e n t  a  w ide ra n g e  o f  
p o ss ib le  ca se s  which can be a p p lie d  to  d i f f e r e n t  re c e iv in g  s i tu a t io n s  in  r u r a l  and 
u rban  a re a s  and a t  h ig h  o r  low la t i tu d e s .  From th e se , fo u r  system  models have been 
s e le c te d  which a re  b e lie v e d  to  re p re se n t th e  most l ik e ly  a p p l ic a t io n s .  Table VII 
c o n ta in s  th e  param eters o f  th e se  fo u r system  models which a re  r e le v a n t  to  sh a rin g  
c o n s id e ra tio n s . Table VII i s  based  on o p e ra tio n  a t  1 GHz f o r  a l l  system s.

TABLE VII - System  model param eters re le v a n t to  sh a rin g

2.7 Sharing considerations

System C onventional
PM

Companded
PM

D ig i ta l Advanced 
. D ig ita lC 1)

C lass o f  s e rv ic e a (2> A<2> A<2> F(3)

L ink m argin 6 dB 6 dB 6 dB 10 dB<4>

PFD a t  th e  c e n tre  o f  
th e  coverage a re a (^ )  
(dBW/m2)

-111.1 -120.4 -107 -109

PFD/4 kHz a t  th e  c e n tre  
o f  th e  coverage a re a (5 )  
(dB (W/ (m2 • 4kHz) ) )

-111.1<6> -120.4<6) -123.6 -126

(1) Two d i f f e r e n t  advanced d i g i t a l  systems w ith  alm ost equal sh a r in g  p aram eters a re  
re p re se n te d  in  t h i s  column

(2) In tended  f o r  re c e p tio n  in  r u r a l  a rea s  a t  low la t i tu d e

(3) In tended  f o r  re c e p tio n  in  dense urban  a rea s  a t  h igh  l a t i tu d e

(4 ) E q u iv a len t to  15 dB fo r  th e  o th e r  systems

(5) The PFD in c re a se s  w ith  th e  square  o f  th e  o p e ra tin g  frequency . (3 .5  dB h ig h e r  v a lu e
re q u ire d  a t  1 .5  GHz; 6 dB low er va lu e  a t  500 MHz)

(6) No energy d is p e r s a l  was assumed in  th ese  c a se s .
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Energy d is p e r s a l  may be d e s ira b le  to  f a c i l i t a t e  sh a rin g  between the  
b r o a d c a s t in g - s a te l l i te  se rv ic e  (sound) and th e  t e r r e s t r i a l  s e rv ic e s . There a re  two 
forms o f  energy d is p e r s a l .  The f i r s t  i s  n a tu ra l  energy d is p e r s a l  a s so c ia te d  w ith  
th e  c h a r a c te r i s t ic s  o f  the  in fo rm ation  (sound programme) and th e  m odulation method; 
and th e  second i s  a r t i f i c i a l  energy d is p e r s a l  a p p lie d  to  the  tra n sm itte d  s ig n a l  to  
sp read  th e  power f lu x  d e n s ity  over a la r g e r  bandwidth and thu s decrease  the  
s p e c t r a l  power f lu x  d e n s ity .

N atu ral energy d is p e r s a l  a s s o c ia te d  w ith  the  analogue FM tra n sm iss io n  
method fo r  s a t e l l i t e  sound b ro ad cas tin g  i s  v i r t u a l l y  n i l  because o f  th e  pauses in  
speech and programme t r a n s i t io n  tim es. During th e se  pauses, th e  c a r r i e r  i s  r a d ia te d  
a t  f u l l  power a t  i t s  r e s t  frequency. N a tu ra l energy d is p e r s a l  a s s o c ia te d  w ith  
t r a n s m it te r  o s c i l l a to r  i n s t a b i l i t y  i s  expected  to  be n e g lig ib le  fo r  s a t e l l i t e  sound 
b ro a d c a s tin g  systems o p e ra tin g  in  Band 9. A r t i f i c i a l  energy d is p e r s a l  may however 
be u sed  w ith  analogue FM tran sm iss io n  system s fo r  improved sh a rin g  w ith  narrow-band 
s e rv ic e s .  The method d esc rib ed  in  R eport 384-4 f o r  use in  m u lti-ch an n e l FDM/FM 
te lephony  tran sm issio n  systems can be a p p lie d  to  s a t e l l i t e  sound b ro a d c a s tin g  
system s.

2.7.2 Energy dispersal

N atu ra l energy d is p e r s a l  a s s o c ia te d  w ith  d i g i t a l  s a t e l l i t e  sound 
b ro a d c a s tin g  systems can be s u b s ta n t ia l .  The advanced system s s p e c if ie d  in  th i s  
c h a p te r  can p rovide energy d is p e r s a l  g a in  in  th e  range from 17 to  19 dB in  a 
re fe re n c e  bandwidth o f  4 kHz compared to  an  unmodulated c a r r i e r .  The r e a l i z a t io n  of 
t h i s  degree o f  energy d is p e rs a l  re q u ire s  t h a t  th e  m odulating d i g i t a l  sequence 
approaches a  t r u ly  random sequence o f  l ' s  and 0 's .  D e ta ils  about th e  correspond ing  
p rocedure  can be found in  Annex I I I  to  R eport 384-4.

In  o rd e r to  achieve a s im ila r  energy d is p e r s a l  g a in  w ith  th e  FM system  
(17 dB), a  peak-to -peak  d e v ia tio n  o f  200 kHz would be re q u ire d . However, th e  use o f 
such a r t i f i c i a l  energy d is p e rs a l  cou ld  re q u ire  m o d ifica tio n s  o f  conven tiona l 
re c e iv e rs .

2 . 7 . 3  O v e rv ie w  o f  s h a r i n g  s i t u a t i o n s

To p r o v id e  a  c o m p re h e n s iv e  p i c t u r e  o f  s h a r i n g  s i t u a t i o n s ,  t h e  s e r v i c e s  
w h ic h  h a v e  a n  a l l o c a t i o n  i n  t h e  UHF b a n d s  a r e  c o n s id e r e d  i n  T a b le  V I. The t a b l e  
l i s t s  th e  s e r v i c e s ,  b y  f r e q u e n c y  b a n d , a n d  i n d i c a t e s  th e  c o r r e s p o n d in g  
c o n s t r a i n t s  w h ic h  a r e  e i t h e r  l a i d  down i n  th e  R a d io  R e g u la t i o n s  o r  s t u d i e d  i n  
CCIR t e x t s ,  w i th  c r o s s  r e f e r e n c e s  t o  th e  m ore s p e c i f i c  s h a r i n g  c r i t e r i a  
c o n t a i n e d  i n  T a b le  V I I .  T h e se  t a b l e s  a r e  p r o v id e d  a s  a  m eans t o  u n d e r s t a n d  th e  
o v e r a l l  s h a r i n g  s i t u a t i o n  i n  th e  f r e q u e n c y  ra n g e  0 .5  - 3 GHz a s  i t  may r e l a t e  to  
BSS (s o u n d )  a n d  th e y  may n o t  c o n t a i n  a l l  t h e  s h a r i n g  a s p e c t s  i n d i c a t e d  i n  
A r t i c l e  8 o f  t h e  R a d io  R e g u l a t i o n s .

2.7.4 A n a ly s is  o f  s p e c i f i c  sh a r in g  s i tu a t io n s

2.7.4.1 Sharing  w ith  th e  t e r r e s t r ia l  te le v i s io n  broadcasting  s e r v ic e

To p r o te c t  th e  t e r r e s t r i a l  b ro a d c a s tin g  se rv ic e  o p e ra tin g  in  th e  UHF band from 
in te r fe re n c e  caused by a  sound b ro a d c a s tin g  s a t e l l i t e  s e rv ic e ,  i t  i s  e s s e n t i a l  to  
determ ine th e  p e rm iss ib le  power f lu x -d e n s ity  g en era ted  by th e  s a t e l l i t e  in  th e  
se rv ic e  a re a  o f  th e  t e r r e s t r i a l  te le v is io n  b ro a d c a s tin g  s t a t io n .  S haring  w i l l  be 
f a c i l i t a t e d  w ith  system s p roducing  th e  low est power f lu x -d e n s i ty ,  w hether energy 
d is p e r s a l  i s  used  o r  n o t.
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TABLE V III
(S o u rc e :  T a b le  6-X i n  th e  CCIR R e p o r t  t o  WARC ORB-88)

p fd  l i m i t s  b v  f r e q u e n c y  b a n d s  

(F o r  f u l l  i n f o r m a t io n  on s h a r in g  c o n d i t i o n s  s e e  A r t i c l e  8 o f  R a d io  R e g u l a t i o n s )

Band. (MHz)
Interfered 
services with 

specified- limits'*'
Notes

S trictest-limit 
(for.elevation 
angle - 0)

Cases 
referred to 

. Table. VII

470 - 890
Broadcasting

Radioastronomy 
(608-614) '

(4)
-129 dB(W/m2) 
-136 dB(W/m2)
-185 dB(W/m2) 
in 6-MHz

A RR: Rec. 705 
G CCIR Rep. 631
I CCIRlReo. 224 

' |

890 - 960
j

Fixed
Mobile

1
-146
dB(W/(m2•16.kHz)) H CCIR Rep.. 631

i
960 - 1 215 i11

(3)

1 215. - 1 240
! t3>

1 240 - 1 300 | | (3) j
I I 1
I I I! 1 300 - 1 350 ! ! (3) j

1 350 - 1 400 | j (3)
i : ! 1

1 ' :1 400 - 1 427 ! Radioastronomv ! *|j1I
1

- W  

(1)

-180 dB(W/m2) 
in 27_ MHz
- 80.dB(W/m2) 
typically

I . CCIR_Rep _. 224 

J CCIRzRep. 697

1 427 - 1 525 ! (3)
! <•>i ■

1 525 - 1 530 Fixed j (5) 
Mobile jj

-154 dB(W/m2) 
in 4.kHz

C RR: -Article 28 
Section IV

1 !I 530 - 1 535 j I (S')
| (5)
: i i L 535 - 1 525.5 j | (3) 1
! ' 1
!11 625.5 - 1 660.5 ! Radioastronomy
i (1 660.5 - 1 560.5)
i

(4) -194 dB(W/m2) 
in 20 kHz

I CCIR Rep. 224
'

* According. to current:.Radio Regulations and'CCIR Reports or Recommendations
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TABLE V III (c o n tin u e d )
(S o u rc e : T ab le  6-X (c o n tin u e d )  in  th e  CCIR R e p o r t to  WARC ORB-88,

e x c e p t  th e  l a s t  two row s)

land .. (MHz)
Ir.zerf ered 

services with 
specified, iruizz^ ■

Notes
S triccest.linir 
(far_ elevation 
.angle - 0)

Cases 
referred to 
Taoie VII

i 560.5 - 1 670 Radioastronony•
C M

(1)

-194 db(W/n2) 
in 20..kHz

- 80 d3(W/n2) 
"Typically

I CCIR Rep. 224 

J 'CCIR Rep. 597

1 570 - 1 700 Meteorological aids (5) -133 d3(V/m2 ) 
in.1.5 MHz -

3 RR:. Article 23 
Section IV

1 700 - 1 710 Fixed 
Mobile.

(5) -154 d3(W/n2) 
in 4.kHz.-

C RRi Article 28 
. Section. IV

1 710 • - 2 290 (2)

2 290 - 2 200 Fixed
Mobile

(5) -154 d3(V/n-) 
in 4 kHz

C RR:. Article 22 
Section IV

2 2CG - 2 433.5 (2)

.Fixed - 
Mobile

(S) -154 d3Cw/'n-) 
in  4 kHz

C 3R. Article 23 
MOD 2553. 2559

z oCC - 2  ozo .Fixed
Mobile

(2) -152 d3(w/n2 ) 
in 4 kHz

E RRi Article 23 
Section IV

2 555 - 2 590 Fixed
Mobile

(2) -152 d3(W/a2 ) 
in 4 kHz

E.RR: Article 28 
Section IV

2 690 - 2 700 R aa io astro n o m y (*)

(1)

-177 dB(W/m2) 
in  10 MHz

-76  dB(W/m2) 
t y p i c a l  v a lu e

I  CCIR Rep. 224 

J  CCIR Rep. 697

2 700 - 3 100 (3)

A cc o rd in g  to  c u r r e n t  R adio R e g u la t io n s  and CCIR R e p o r ts  o r  R ecom m endations.
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N o te s  t o  T a b le  VIH
(S o u rc e :  T a b le  6-X  i n  t h e  CCIR R e p o r t  to  WARC ORB-88)

(1 )  T h is  l i m i t  a p p l i e s  t o  s e r v i c e s  w hose i n t e r m o d u l a t i o n  p r o d u c t s  c a n
a r i s e  i n  a  b a n d  w h ere  th e  r a d io a s t r o n o m y  s e r v i c e  h a s  a n
a l l o c a t i o n .

(2 )  The BSS i n  t h e  b a n d  2 500 - 2 690 MHz i s  l i m i t e d  t o  n a t i o n a l  an d  
r e g i o n a l  s y s te m s  f o r  com m unity  r e c e p t i o n  ( s e e  No. 761 o f  th e  
R a d io  R e g u l a t i o n s ) .  F u r th e r m o r e ,  i n  some c o u n t r i e s  t h i s  i s  an  
a l t e r n a t i v e  a l l o c a t i o n  an d  th e  BSS c o n s e q u e n t ly  h a s  no a l l o c a t i o n  
i n  t h i s  b a n d . S e r v i c e s  i n  th e  b a n d  2 655 - 2 690 MHz a r e  o b l ig e d  
t o  t a k e  a l l  p r a c t i c a b l e  s t e p s  t o  p r o t e c t  t h e  r a d io a s t r o n o m y  
s e r v i c e  i n  t h e  b a n d  2 690 - 2 700 MHz.

(3 )  No l i m i t  s p e c i f i e d .

(4 )  T a b le  I  o r  T a b le  I I  o f  CCIR R e p o r t  2 2 4 . To e n a b le  r a d io a s t r o n o m y  
o b s e r v a t i o n s  t o  b e  c a r r i e d  o u t  a t  5 °  fro m  t h e  g e o s t a t i o n a r y  
o r b i t ,  l e v e l s  15 dB lo w e r  a r e  r e q u i r e d  ( s e e  § 4 .3  o f  CCIR R e p o r t
224 a n d  CCIR R ecom m endation  6 1 1 ) ;  e . g .  f o r  t h e  b a n d
470 - 890 MHz th e  l e v e l  w o u ld  b e  -2 0 0  dB(W/m2 ) .

(5 )  I n  t h e  c a s e  o f  t r o p o s p h e r i c  s c a t t e r  s y s te m s ,  r e f e r  t o  A r t i c l e  28 , 
i n  p a r t i c u l a r  No. 2 5 6 0 , o f  th e  R ad io  R e g u l a t i o n s .

(6 )  T h is  l i m i t  w as a d o p te d  b y  WARC MOB-87 i n  t h e  b a n d  2 4 8 3 .5  - 2 500
MHz ( s e e  R a d io  R e g u la t i o n s ,  A r t i c l e  2 8 , MOD 2 5 5 8 , 2 5 5 9 ) .

(7 )  CCIR R e p o r t  941 c o n s i d e r s  s h a r i n g  b e tw e e n  t h e  b r o a d c a s t i n g -
s a t e l l i t e  s e r v i c e  (so u n d )  an d  th e  f i x e d  s e r v i c e  i n  t h i s  b a n d .
CCIR R e p o r t  9 5 5 -1  c o n s i d e r s  s h a r i n g  b e tw e e n  t h e s e  tw o s e r v i c e s  i n  
th e  b a n d  0 .5  - 2 GHz.

(8 )  The l i m i t s  o f  RR A r t i c l e  2 8 , S e c t io n  IV , a p p ly  up  t o  1 J a n u a r y  
1 9 9 0 .

In Report 631-3, the EBU has suggested a minimum field strength of 
65 dB 0iV/m), and the USA suggested 56 dB (/iV/m). Furthermore, the EBU considered 
that a corresponding protection ratio of 54 dB be employed and the USA suggested 
35 dB to protect terrestrial TV broadcasting from the BSS (TV-IM). (Indications are 
however that the 54 dB protection ratio could be pessimistic in the case of 
digitally modulated carriers.)

This results in a range of permissible power flux-density for the 
satellite sound broadcasting service ranging from -132 dB(W/n̂ ) to -122 dB(W/m2)
(aggregate per television channel) based on the range of minimum field-strength
values to be protected as seen above and assuming a 3 dB reduction in interference
from the use of circular polarization.

65 dB (jiV/m) - 146 dB(W/uVm) - 54 dB + 3 dB - -132 dB(W/m2)
56 dB (/iV/m) - 146 dB(W/uVm) - 35 dB + 3 dB - -122 dB(W/m2)

Furthermore, No. 693 of the Radio Regulations provide a PFD of 
-129 dB(W/m2) for use by the BSS (IV-FM) in the band 620-790 MHz.
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TABLE IX
(Source: Table 6-XI in the CCIR Report to WARC ORB-88)

1<li

Specific sharing criteria
References In te r fe r in g

se rv ice s
Services su b jec t 
to  in te rfe ren ce

Bands
(MHz)

PFD lim its  
(6 = e lev a tio n  angle)

A RR: Rec. 705
Broadcasting
s a t e l l i t e

T e r re s t r ia l
broadcasting

620-790
-129 fo r 0° < « < 20° 
-129+0.4 ( 8 -  20) fo r  20° < 8< 60° 
-113 fo r 60° < 8< 90° 
dB(W/m2)
on a  p ro v isio n al b asis

B

i

RR: A rtic le  28 
Sec tion  IV

E arth  ex p lo ra tion  
s a t e l l i t e

M eteorological
s a t e l l i t e

M eteorological
a id s

1 670-1 700 -133 dB(W/m2) in  any
i

1.5 MHz band i
I

. i

C

RR: A rtic le  28 
Section  IV

M eteorological
s a t e l l i t e

Space research  

Space operation

Radiodeterm ination-
s a t e l l i t e

Fixed

Mobile

1 525-1 530 
fo r  Regions 1 and

1 530-1 535 
fo r  Regions 1 and

1 670-1 690 
1 690-1 700
1 700-1 710
2 290-2 300

2 483.5-2 500

I
i

-154 fo r  0° <  8 <  5° I 
“  j

-154+0.5 (i5 -5) fo r  5° <8<  25° j
!
i

-144 fo r 25° <  o <  90° I 
dB(W/m2) in  any j 
4 kHz band

j
-154 dB(W/m2) ! 

in  4 kHz i
1

0
RR: A rtic le  28 
S ection  IV 
2560

The same-as in  
case  C

Fixed using
tropospheric
s c a t te r

The same as in  
case C

|
-168 dB(W/m2) in  any 4 kHz band a t  the  i 
re ce iv e r inpu t o f the s ta tio n  o f the  j 
fixed  se rv ice

E
RR: A r tic le  28 
S ec tion  IV

Broadcasting
s a t e l l i t e

Fixed
s a t e l l i t e

Fixed

Mobile

2 500-2 690
-152 fo r 0° < 8< 5° j 
-152+0.75 (o -5 )  fo r 5 ° < 8 < 2 5 °  j

-137 fo r 25° < ft < 90° 
dB(W/m2) in  any 
4 kHz band

F
CCER:
Rec. 358-3

Fixed
s a t e l l i t e

Fixed
(lin e -o f-s ig h t)  
Mobile
(lin e -o f-s ig h t)

2 500-2 690
-152 fo r  0° < o < 5° 
-152+0.75 (8- 5) fo r  5° < 8<  25°
-137 fo r  25° < 8 < 90° 
dB(W/m2) in  any j 
4 kHz band I

G CCIR Report 631-3 Broadcasting-
s a t e l l i t e

T e r re s t r ia l
broadcasting

620-790

. 1
Proposals fo r  th e  p rov isional l im its  ; 
given in  RR Rec. 705 (case A) !

-129 becomes -136 (EBU) : 
-125 (USA) ■ 
-124 (USSR)

H CCIR Report 631-3 Broadcasting-
s a t e l l i t e

Mobile se rv ice  
. (under seme 
hypotheses)

!

around 800
High q u a lity : : 
-133 dB(W/(m2 • 16 kHz)) ;  mobile s ta tio n ! 
-146 dB(W/(m2 • 16 kHz)); base s ta tio n  1 
Medium q u a lity : - : 
-127 dB(W/(m2 • 40 kHz)); mobile s ta tio n . 
-134 dB(W/(m2 • 40 kHz)); base s ta tio n  •

j
I  j CCER Report 224-5

1
| _
i
I

i

Radioastronany
408 
610 

1 420

1 420 
1 665

i For continuum:
-189 dS(W/m2) in  3.9 MHz 
-185 dB(W/m2) in  6.0 MHz 
-180 dB(W/m2) in  27 MHz 
For spectrum l in e s :
-196 dB(W/m2) in  20 kHz 
-194 dB(W/m2) in  20 kHz

J

|
i Interm odulaticn o f 

OCXR Report 697-2 i out-of-band s ig n a ls
Radioastronany 1 400-1 427 

1 660-1 670
j -80 dB(W/m2) (l)

(1) This limit applies to services whose intermodulation products can arise in a band where radioastronomy 
service has an allocation."
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Assuming an o p e ra t io n a l  c o n d itio n  whereby each s e rv ic e  a r e a  would be 
covered by 4 sound ch an n e ls , a l l  w ith in  th e  same te l e v i s io n  ch an n e l, and a  re c e iv in g  
lo c a tio n  a t  th e  edge o f  two a d ja c e n t s e rv ic e  a re a s  (where th e  s ig n a l  i s  reduced  by 
3 dB), where re c e p tio n  from two s a t e l l i t e  system s would be p o s s ib le ,  th e  ag g reg a te  
e f f e c t  would co rrespond  to  a  6 dB in c re a se  in  re c e iv e d  unwanted PFD.

C onsidering  th e  re q u ire d  p . f . d .  f o r  th e  system  m odels m entioned  in  § 2 .7 .1  
and comparing i t  to  th e  p e rm iss ib le  p . f . d .  l im i t s  s e t  above f o r  s in g le  e n try  and 
agg regate  c a se s , v a lu es  f o r  th e  re q u ire d  a d d it io n a l  i s o l a t i o n  f o r  th e  non­
co n s tra in e d  o p e ra tio n  o f  th e  two s e rv ic e s  can be found. These v a lu e s  a r e  g iv en  in  
Table X fo r  th e  fo u r system  m odels. Such a d d i t io n a l  i s o l a t i o n  can  o n ly  be 
prov ided  through b o th  th e  d is c r im in a tio n  from th e  s a t e l l i t e  t r a n s m it t in g  an tenna on 
th e  b a s is  o f  g eo graph ica l sh a r in g , as  w i l l  be covered  in  § 2 .7 .5 , and th rough  th e  
d is c r im in a tio n  o f  th e  te le v is io n  re c e iv in g  an tenna tow ards th e  s a t e l l i t e .

In  th e  case  o f  th e  d is c r im in a tio n  from th e  t e l e v i s io n  re c e iv in g  an tenna 
tow ards th e  s a t e l l i t e ,  th e  e le v a t io n  ang le  dependency, a s  im p lied  in  RR Rec. 705, 
w i l l  be assumed in  t h i s  R ep o rt. We n o te , however, t h a t  in  RR 693, no r e s t r i c t i o n  
i s  g iven  above 20°.

f o r  S < 20° 
(dB(W/m2))  f o r  20° < 6 < 60° 

f o r  60° < 6 < 90°

TABLE X - Additional isolation required to allot/ sharing between the sound BSS
and the t e r r e s t r i a l  broadcasting serv ice

System PFD a t  c e n tre  o f  
coverage a re a  

(dBCW/m2))

R equired  i s o la t io n  
(minimum/maximum) 

(dB)

C onventional FM -111.1 1 6 .9 /2 6 .9

Companded FM -120.4 7 .6 /1 7 .6

D ig i ta l -107 21/31

Advanced d i g i t a l -109 ' 19/29

R eceiv ing  i n s t a l l a t i o n s  lo c a te d  a t  low l a t i tu d e s  can  b e  a b le  to  ta k e  
f u l l e s t  advantage o f  t h i s  d is c r im in a tio n  from th e  re c e iv in g  an ten n a . Some advantage 
can  be a v a ila b le  a t  h ig h e r  l a t i t u d e s .

Upon more d e ta i le d  c o n s id e ra tio n  o f  th e  p ro te c t io n  r a t i o s  f o r  narrow -band 
c a r r i e r s  in te r f e r in g  in to  th e  te le v is io n  b ro ad cas tin g  s e rv ic e ,  i t  can  be found th a t  
Recomnendation 418 and R eport 306 in d ic a te  some r e la x a tio n s  i n  p r o te c t io n  r a t i o s  fo r  
c e r t a in  r e la t io n s h ip s  betw een th e  wanted and in te r f e r in g  t e l e v i s io n  channel s ig n a l  
s p e c tra .  A 10 d£ r e la x a t io n  in  p ro te c t io n  r a t i o  i s  f e a s ib le  i f  th e  nom inal 
frequency  d if fe re n c e  between th e  wanted te le v is io n  c a r r i e r  and th e  unwanted sound 
c a r r i e r  i s  an  odd m u ltip le  o f  h a l f  th e  l in e  frequency and th e  in t e r f e r in g  c a r r i e r  i s  
n o t  in  th e  re g io n  o f  th e  c o lo u r s u b -c a r r ie r .  Furtherm ore, i n  th e  re g io n  betw een th e  
low frequency  luminance spectrum  and th e  chrominance spectrum  lo c a te d  around th e  
c o lo u r s u b - c a r r ie r ,  th e  te le v is io n  s ig n a l  i s  l e s s  s u s c e p tib le  to  in te r f e r e n c e  from 
narrow -band c a r r i e r s .  A maximum r e la x a t io n  o f  10 dB to  20 dB, depending on th e

PFD (dB(W/m2))
PFD + 0 .4  (S - 20) 
PFD + 16 (dB(W/m2))
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t e l e v i s io n  system , i s  f e a s ib le  in  t h i s  re g io n  w ith  15 dB a s  a  common v a lu e  which 
would be a p p lic a b le  th roughout. I t  shou ld  be n o ted , however, t h a t  on ly  a  l im ite d  
number o f  c a r r i e r s  can  be f i t t e d  in  t h i s  l e s s  c r i t i c a l  re g io n  o f  th e  te le v is io n  
s ig n a l .  F in a l ly ,  in  th e  re g io n  a d ja c e n t to  th e  sound c a r r i e r ,  in d ic a tio n s  a re  th a t  
a  r e la x a t io n  o f  25 dB in  th e  p ro te c t io n  r a t i o  would be f e a s ib le  over a  r e l a t i v e ly  
narrow  band.

In  th o se  cases  where th e  w id th  o f  th e  frequency s l o t  o n ly  a llow s f o r  a  
l im i te d  number o f  sound c a r r i e r s ,  th e  6 dB aggregate  v a lu e  used  in  Table X can 
be dec reased  acco rd in g ly .

In  th e  s p e c i f ic  case  where a  s in g le  sound BSS c a r r i e r  i s  lo c a te d  c lo se  to  
th e  t e l e v is io n  sound c a r r i e r ,  a  t o t a l  re la x a t io n  o f  31 dB from th e  p ro te c t io n  v a lu es  
u sed  in  T able X can be assumed.

I t  shou ld  be r e a l iz e d ,  however, th a t  th e  re la x a t io n s  a s  d e sc rib e d  above 
b ased  on s p e c i f ic  in te r f e r in g  sound c a r r i e r  lo c a tio n s  w ith in  th e  te le v i s io n  channel, 
w i l l  o n ly  be f e a s ib le  on a  common b a s is  i f  th e  te le v is io n  channels have been 
a ss ig n e d  acco rd ing  to  a  r e g u la r  channel p la n , i . e . ,  a s  i s  th e  case  i n  Region 2 
(u n iv e rs a l  6 MHz channel s e p a r a t io n ) .

For a l l  th e  cases  m entioned below where g eo g rap h ica l s e p a ra t io n  i s  
re q u ire d  to  avo id  in te r fe re n c e  in to  th e  te le v is io n  b ro a d c a s tin g  s e rv ic e , th e re  i s  no 
need  to  c o n s id e r th e  in te r fe re n c e  a sp e c ts  in  th e  re v e rse  d i r e c t io n ,  namely from th e  
te l e v i s io n  s ig n a l  in to  th e  s a t e l l i t e  sound b ro a d c a s tin g  re c e iv e r  s in c e  th e  
geo g rap h ica l s e p a ra tio n  to  in su re  a  p ro p er d is c r im in a tio n  from th e  s a t e l l i t e  
tra n s m it t in g  antenna would b r in g  th e  s e rv ic e  a re a  o f  th e  s a t e l l i t e  sound 
b ro a d c a s tin g  c le a r ly  beyond th e  coverage o f  th e  te le v is io n  t r a n s m it te r .

However, in  th o se  cases  where c o -lo c a te d  o p e ra tio n  i s  p o s s ib le  w ith o u t 
undue in te r fe re n c e  to  te le v is io n  b ro a d c a s tin g , f u r th e r  c o n s id e ra tio n  shou ld  be g iven 
to  th e  p o s s ib i l i t y  th a t  th e  te le v is io n  s ig n a l  w i l l  c r e a te  an un accep tab le  le v e l  o f  
in te r f e r e n c e  to  th e  re c e p tio n  o f  th e  sound BSS.

T able X shows th e  re q u ire d  is o la t io n  to  p e rm it sh a r in g  w ith  th e  
t e r r e s t r i a l  b ro a d c a s tin g  s e rv ic e .

Sharing w ith  conven tio n a l FM w i l l  be more d i f f i c u l t  th an  in  th e  case o f  
companded FM. I t  should  be no ted  th a t  f o r  b o th  FM c a se s , th e  sh a rin g  s i tu a t io n  
would have been more d i f f i c u l t  i f  i t  had been a p p lie d  to  th e  urban  case . With 
re s p e c t  to  th e  d i g i t a l  system s, th e  g re a t ly  improved perform ance o f  th e  advanced 
system  i s  accompanied by s l i g h t ly  improved sh a rin g  p o s s i b i l i t i e s .  C onsidera tion  o f 
th e  d is c r im in a tio n  a v a ila b le  from th e  te le v is io n  re c e iv in g  an tenna improves th e  
s i tu a t io n .  G eographical sh a rin g  w i l l  be g re a t ly  f a c i l i t a t e d  f o r  th o se  a re a s  between 
th e  s u b - s a t e l l i t e  p o in t and th e  coverage a re a . For sh a rin g  w ith  a rea s  a t  an 
e le v a tio n  ang le  o f  60° to  th e  s a t e l l i t e ,  16 dB a d d it io n a l  i s o la t io n  would be 
a ffo rd e d .

2 . 7 . 4 . 2  Sharing with fixed services

Since most system s in  th e  f ix e d  s e rv ic e s  a re  o f  th e  narrow band ty p e , the  
sh a rin g  c r i t e r i a  a re  based on th e  s p e c tr a l  power f lu x -d e n s i ty  (p e r 4 kHz). 
C onsequently , energy d is p e rs a l  w i l l  g re a tly  improve th e  sh a r in g  s i tu a t io n s .  In  the  
case  where no energy d is p e r s a l  can be a p p lie d  to  p re se rv e  c o m p a tib il i ty  w ith  p re se n t 
FM re c e iv e rs ,  th e  sh a rin g  w i l l  be q u ite  d i f f i c u l t .  T his i s  supported  by a study  on 
sh a rin g  w ith  f ix e d  se rv ic e s  in  th e  1429 MHz to  1525 MHz band as  g iven  in  R eport 941. 
T his R eport, based  on th e  assum ption o f  conven tional FM tra n sm iss io n , i s  r a th e r  
p e s s im is t ic  on th e  a c c e p ta b i l i ty  o f  sound BSS in  th e  1500 MHz band.
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The fo llow ing  p e rm iss ib le  power f lu x -d e n s ity  l im i t s  f o r  sh a rin g  w ith  the 
f ix e d  se rv ic e s  a t  1.7 GHz a re  taken  from RR 2557. Assumption w i l l  be niarfp th a t  
th ese  l im its  can be used in  o rd e r to  p rovide a  p . f . d .  l im i t  f o r  t h i s  d isc u ss io n , fo r
a l l  frequency bands where sh a rin g  between FS and sound BSS i s  co n sid ered .
Furtherm ore, th e se  l im i ts  a re  used in  th e  p re se n t co n tex t as th re sh o ld  p . f .d .  values 
above which the. in te r fe re n c e  to  the  f ix e d  se rv ic e s  would be co n sid e red  
u n accep tab le :

-154 dB(W/(m2 • 4 kHz)) f o r  6 < 5°
-154 + (6 - 5 )/2  dB(W/(m2 • 4 kHz)) fo r  5° < 6 < 25°
-144 dB(W/(m2 • 4 kHz)) fo r  25° < S < 90°

I t  can be n o tic e d  th a t ,  in  th e  2 .6  GHz band, the  p e rm iss ib le  p . f .d .  fo r
comnunity re c e p tio n , as p er Radio R egulations 2562 to  2564, g iv es  v a lu es  very  c lo se
to  those  s ta te d  above. Table X I shows the  re q u ire d  i s o la t io n  to  p erm it sharing  
w ith  the  f ix e d  s e rv ic e .

TABLE X I - Required additional isolation to allow sharing between 
the sound BSS and the fixed service

System s
PFD a t  c e n t r e  

o f  c o v e ra g e  a r e a  
(dB(W/(m2 • 4kH z))

R e q u ire d  i s o l a t i o n  (dB)

Low e l e v a t i o n  
a n g le

H igh e l e v a t i o n  
a n g le

C o n v e n tio n a l FM 1 1 1 .1 4 2 .9 3 2 .9

Companded FM -1 2 0 .4 3 3 .6 2 3 .6

D i g i t a l -1 2 3 .6 3 0 .4 2 0 .4

A dvanced d i g i t a l -126 28 18

I t  can  be seen  from th i s  Table th a t  a d d itio n a l d is c r im in a tio n  i s  req u ire d  
in  a l l  cases  to  a llow  sh a rin g .

2 .7  .4 .3  Sharing with the mobile service

The p e rm iss ib le  power f lu x -d e n s ity  v a lu es  a re  g iven  in  CCIR R eports 770, 
631 and 358 fo r  lan d  m obile system s o p e ra tin g  a t  freq u en c ies  between 470 MHz and 
960 MHz and more s p e c i f ic a l ly  between 806 MHz and 942 MHz in  Region 2. R eport 770 
prov ides d i r e c t ly  a p p lic a b le  ty p ic a l  d a ta  whereas o th e r  so u rces , in  p a r t ic u la r  
Report 358, g ive th e  background c o n s id e ra tio n s . These v a lu es  a re  summarized in  
Table X II below fo r  low e le v a tio n  ang les (below 20°) to  p ro v id e  p ro te c t io n  to  h igh 
grade s e rv ic e s .

As seen  in  Table X II , th e  w orst case o f  p . f .d .  n o t to  be exceeded is  
g iven  in  R eport 770.

These l im i ts  have been used in  the  p re p a ra tio n  o f  Table X III . The 
re q u ire d  is o la t io n  r e f e r r e d  to  in  Table XIII r e f e r s  to  p . f . d .  l im i ts  f o r  a  base 
s ta t io n .  This w i l l  be th e  w orst case  u n less  th e  re c e iv in g  an tenna d is c r im in a tio n  
f o r  a  s ig n a l a r r iv in g  from sound BSS exceeds 16 dB. Beyond th i s  v a lu e , th e  mobile 
s ta t io n  w i l l  become th e  c o n s tra in in g  case .
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CCIR
R e p o r ts

PFD
(dB(W/m2 ))

Base s t a t i o n

Band- R e c e iv in g  
w id th  a n te n n a  
(kHz) g a in  

(dB)

M obile  s t a t i o n

PFD
(dB(W/m2 ))

Band- R e c e iv in g  
w id th  a n te n n a  
(kHz) g a in  

(dB)

631

358

770

-146 16

-1 4 2 .1  16

-1 4 7 .9  30

15

17

-133 16

-1 3 2 .1  16

-132 30 4 .1

TABLE X I I I  - Additional isolation required to allcw sharing between the sound BSS
and mobile services

System s PFD a t  c e n t r e  
o f  c o v e ra g e  a r e a  

(dB(W/(m2 • 4 k H z)))

R e q u ire d  i s o l a t i o n  
(R e p o r t 770) 

(dB)

C o n v e n tio n a l FM -1 1 1 .1 3 6 .8

Companded FM -1 2 0 .4 2 7 .5

D i g i t a l -1 2 3 .6 . 33

A dvanced d i g i t a l -126 3 0 .6

As can be seen from th i s  T able, a d d itio n a l i s o la t io n  w i l l  be re q u ire d  in  
a l l  cases to  p erm it sh a rin g  w ith  th e  m obile se rv ic e .

2 . 7 . 5  Geographical sharing •

G eographical sh a rin g  can be used to  re so lv e  some d i f f i c u l t  sh a rin g  
s i tu a t io n s .  In  such c a se s , c o -lo c a te d  sh a rin g  o f  a  g iven  frequency band between the 
two concerned se rv ic e s  i s  not p o s s ib le :  in  c o n tra s t ,  f o r  sh a rin g  to  tak e  p lace  
between networks o f  the  two se rv ic e s  in  q u es tio n , a  geographical separation o f  the  
se rv ic e  a reas  o f  th e  two networks i s  re q u ire d . When b o th  o f  th e  s e rv ic e s  in  
q u e s tio n  a re  t e r r e s t r i a l  in  n a tu re , the  geographical se p a ra tio n s  re q u ire d  may be in  
th e  ten s  to  hundreds o f  k ilo m etres  in  th e  UHF p o r tio n  o f  th e  ra d io  spectrum . In  
c o n tra s t ,  when one o f  th e  se rv ic e s  i s  a  space s e rv ic e , in  t h i s  case  th e  sound 
b ro ad cas tin g  s a t e l l i t e  s e rv ic e , the  se p a ra tio n  re q u ire d  may be in  hundreds to  
thousands o f  k ilo m e tre s .
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The concept o f geograph ica l sh a rin g  between the sound b ro a d c a s tin g  
s a t e l l i t e  se rv ic e  and a t e r r e s t r i a l  se rv ic e  i s  dependent on th e  p e rm is s ib le  f lu x  
le v e l from the sound b ro ad cas tin g  s a t e l l i t e  space s ta t io n  in to  th e  t e r r e s t r i a l  
network. The a c tu a l le v e l  i s  determ ined by the power f lu x -d e n s ity  needed in  the  
se rv ic e  a rea  o f  the  sound b ro ad cas tin g  s a t e l l i t e  se rv ic e  and th e  re q u ire d  le v e l  o f 
p ro te c tio n  to  the  t e r r e s t r i a l  s e rv ic e . The d if fe re n c e  between th e se  two le v e ls  w ill 
determ ine the amount o f  i s o la t io n  between the two se rv ic e s  to  o p e ra te  w ith o u t undue 
in te r fe re n c e  to  the  t e r r e s t r i a l  se rv ic e . This i s o la t io n  can be p rov ided  by th e  
d isc r im in a tio n  o f  the  s a t e l l i t e  tra n sm ittin g  antenna i f  th e  s e rv ic e  a re a  o f  the  
t e r r e s t r i a l  se rv ic e  i s  lo c a te d  f a r  enough from the  s a t e l l i t e  beam coverage. In  
s i tu a t io n s  where re q u ire d  se p a ra tio n  d is ta n c e s  a re  sm all, in te r f e r e n c e  from the  
t e r r e s t r i a l  network in to  sound BSS re c e iv e rs  should a lso  be co n sid e red .

S ec tio n  2 .4  Df  th i s  R eport d ea ls  w ith  s a t e l l i t e  t ra n s m ittin g  antenna 
tech n o lo g ies  and in d ic a te s  t h a t  good s id e lo b e  r e je c t io n  w i l l  be p o ss ib le  in  the  
fu tu re  and th a t  th e  re fe re n ce  p a t te r n  used a t  th e  WARC-77 to  p la n  the BSS a t  12 GHz 
cou ld  be r e a l i s t i c a l l y  assumed.

Table XIV g ives th e  se p a ra tio n  d is ta n c e s  needed fo r  d i f f e r e n t  re q u ire d  
antenna d isc r im in a tio n s  fo r  the  minimum case where th e  s a t e l l i t e  beam covers an area  
c lo se  to  th e  s a t e l l i t e  su b -p o in t; and fo r  th e  maximum cases  where th e  beam is  
d ire c te d  away from th e  s a t e l l i t e  su b -p o in t and th e  lo c a tio n  where th e  in te r fe re n c e  
occurs i s  j u s t  a t  th e  edge o f  th e  E arth  where th e  in te r f e r in g  s ig n a l from the  
s a t e l l i t e  a r r iv e s  a t  0° e le v a tio n  ang le . These s e p a ra tio n  d is ta n c e s  in d ic a te  the  
ra d iu s  around th e  c e n tre  o f  th e  beam beyond which th e re  i s  enough d isc r im in a tio n  
from th e  s a t e l l i t e  an tenna alone to  a llow  frequency re -u se  by o th e r  s e rv ic e s .

TABLE XIV - Range of required separation distances on the Earth from the 
sound BSS beam centre to ensure a given satellite antenna discrimination 

for 1° and 2° antenna beamvidths

R e q u ire d
a n te n n a
d i c r i m i ­
n a t i o n

(dB)

S e p a r a t io n  d i s t a n c e  
(km)

O f f - a x i s  
a n g le  

(x  <pQ)

<Po - 1° Vo “ 2°

Minimum Maximum Minimum Maximum

3 0 .5 312 2108 624 2965

10 0 .9 1 570 ‘ 2835 1142 3990

20 1 .2 9 807 3362 1620 4742

30 1 .5 8 989 3716 1988 5251

3 0 .1 3 .1 9 2007 5275 4098 7578

35 5 .0 1 3183 6655 6740 9876

40 7 .9 4 5183 8573 12938 14464
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From the distances found above, geographical sharing can be applied to all 
cases of sharing where additional isolation beyond what is available from the 
receiving antenna is found to be necessary in order to allow operation of the sound 
BSS without affecting terrestrial services. This results in given separation 
"distances for each specific case of sharing. These sharing situations along with 
their separation distances are summarized in Table XV.

TABLE XV - Summary ta b le  o f  th e  s i tu a t io n s  and req u ired  sep a ra tio n  d is ta n c e s

Sound BSS 
system model

In terfered  with 
service

Permissible PFD R e q u i r e d  
for sound BSS iso la tio n

Minimum s e p a r a t i o n  
d i s t a n c e  f o r  1 ’ 

' b e a m  (km)
(dB) E l e v a t i o n  A n g le  

( d e g r e e s )

5 30 60

Conventional FM 
(Case A)

Broadcasting
-  maximum pro tec tion
-  roininura p ro tec tio n

-138 dB(W/m2) 10.9-26.9 
-128 dB(W/n>2) 0.9-16.9

3104
2717

1510
1181

676
199

(-111.1 dB (W/rn2))
(-111.1 dBtW/tm2^  kHz))) Fixed

-154 dB(W/(TO2-4 kHz)) 32.7-42.9 9570 3652 2728

Mobile
-  low elevation  angle -147.9 dB(W/(ra2-30 kHz)) 36.0 6741 4827 - -

Companded FM 
(Case A)

(-120.4 dB(W/(m2))
(-120.4 dB(W/(n>2-4 kHz)))

Broadcasting
-  maximum p ro tec tion
-  mini men p ro tec tion

Fixed

-138 dB(W/m2) 1.6-17.6 
-128 dB(W/m2) 0 -  7.6

-154 dBfW/bn2^  kHz)) 23.6-33.6

2749
2151

5693

1208
668

1529

264
0

981

Mobile
-  low elevation  angle -147.9 dBfW /^OO kHz)) 27.5 3124 1631 - -

D ig ita l 
(Case A)

(-107 dBfW/ra2))
(-123.6 dB(W/(m2.4 kHz)))

Broadcasting
-  maximum p ro tec tio n
-  Tni njmim p ro tec tio n

Fixed

-138 dBfW/m2) 15-31.0 
-128 dB(W/n»2) 5-21.0

-154 dBfW/fm2^  kHz)) 20.6-30.4

4976
2892

4824

1618
1330

1437

789
463

915

Mobile
-  low elevation  angle -156.7 dB(W/(m2*4 kHz)) 33.1 5547 3704 - -

Advanced 
. d ig i ta l  
.(.Case F)

Broadcasting
-  maximum pro tec tio n
-  piin<THnri pro tec tio n

-138 dBfW/m2) 13-29.0 
-128 dBfW/m2) 3-19.0

3171
2810

1567
1260

736
361

H-109 dBfW/zn2)
((+126 dB(W/(n»2-4 kHz)))

Fixed
-154 dBfW/Jm2^  kHz)) 1 8 - 0 - 2 8 . 0 3140 1363 861

Mobile
-  low elevation  angle -156.7 dBPVOa2^  kHz)) 30.7 4899 3118 - -

Case "A": Sound BSS intended for reception in rural areas at elevation 
angles exceeding 70°, corresponding to a service in 
low-latitude areas.

Case "F": For vehicular reception in heavily shadowed rural areas or in dense 
urban areas.
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2 .7 .6  Sharing with other services '

B esides th e  prim ary u se rs  o f  th e  500 MHz to  2000 MHz band and i t s  
neighbourhood (b ro ad cas tin g , m obile and f ix e d  s e r v ic e s ) , s u b s ta n t ia l  a l lo c a t io n s  a re  
p rov ided  f o r  a e ro n a u tic a l ,  ra d io n a v ig a tio n  and ra d io lo c a tio n  s e rv ic e s .
S p e c ia l  s h a r in g  c o n s t r a i n t s  on th e  use  o f  a d j a c e n t  bands  may a l s o  a r i s e  from  
p a s s i v e  s e r v i c e s  such  as  ra d io a s t r o n o m y  s e r v i c e s .  D a ta  f o r  s h a r in g  w i th  t h e s e  
o t h e r  s e r v i c e s  a r e  n o t  y e t  a v a i l a b l e .

2 . 7 . 7  Susceptibility’ of the sound BSS to interference from other services

The s u s c e p t ib i l i ty  o f  the  d i f f e r e n t  analogue and d i g i t a l  m odulation 
schemes to  the  in te r fe re n c e  from the  o th e r  s e rv ic e s  w ith  which th e  same frequency
band i s  to  be shared  should  be co n sid ered  so th a t  a  com plete p ic tu r e  o f  the  sh a rin g
s i tu a t io n ,  in  bo th  d ir e c t io n s ,  can be e s ta b l is h e d  fo r  those  cases  where geog raph ica l 
se p a ra tio n  i s  n o t re q u ire d . I t  i s  expected  th a t  the  d i g i t a l  system s, and even more 
so th e  advanced d i g i t a l  system s, w i l l  be more ro b u s t a g a in s t  in te r fe re n c e  than  th e i r  
analogue c o u n te rp a r ts .

2 .7 . 8  Discussion of sharing si tuations .

I t  should be noted from the o u tse t th a t  the  four system models used in  the
sharing  an a ly sis  are ty p ic a l system examples w ith  s p e c if ic  system param eters and
opera ting  under given rece iv in g  co tv iitions. In  th is  way, d ie fin d in g s as to  th e ir  
sharing  f e a s ib i l i ty  a re  n o t abso lu te  since  v a r ia t io n s  in  the system param eters and 
opera ting  conditions w il l  ease o r  worsen the  sharing  co n d itio n s. For in stan ce , the 
f i r s t  th ree  system models se le c te d  a re  assumed to  be fo r  recep tio n  in  ru ra l areas a t  
low la t i tu d e .  I f  recep tio n  in  urban environments was to  be covered, the necessary  
PFD le v e l would need to  be Increased  by 9 dB, th e re fo re  making the sharing  more 
d i f f i c u l t .  On the o th e r hand, in  the case o f  the fo u rth  system (advanced d ig i ta l )  , 
the  grade of se rv ice  was se le c te d  to  cover recep tio n  in  urban a reas a t  high la t i tu d e  
w ith such systems. Operation in  ru r a l  a reas and low la t i tu d e s  would make sharing  
cond itions e a s ie r . In  th is  study, the p . f .d . s  have n o t been ad ju s ted  fo r operating  
frequencies d if fe re n t  from the 1 GHz assumed. O peration a t  lower frequency would 
r e s u l t  in  reduction  o f system PFD, fo r  in stan ce  6 dB a t  500 MHz. In  the case of 
sharing  w ith  the b roadcasting  se rv ic e , some p . f .d .  r eductio n  would always be app lied  
s ince  the a llo c a tio n  i s  below 890 MHz. Also the c h a r t shows a range o f  d is tan ces 
r e q u i r e d  f o r  s h a r in g  w i th  b r o a d c a s t in g  s e r v i c e s  f o r  v a r io u s  e l e v a t i o n  a n g le s .
The t h r e e  e l e v a t io n  a n g le s  show n, 5 , 30 and 60 deg rees , c o v e r  th e  r a n g e  o f  
d i s c r im in a t io n  in  th e  v e r t i c a l  p la n e  o f  th e  UHF TV r e c e iv in g  a n te n n a  assum ed 
in this report, that is, from zero to 16 dB as the elevation 
angle of the sound BSS signal is increased above the horizontal 
plane.

I t  should be noted th a t  the  s a t e l l i t e  tra n sm ittin g  re fe ren ce  p a tte rn  has a 
p la teau  a t  30 dB is o la t io n  which rep re sen ts  a  t r a n s i t io n  o f about 1000 km. For 
those req u ired  is o la t io n  values s l ig h t ly  exceeding 30 dB, a l l  means should be taken 
to  reduce the is o la t io n  to  le s s  than 30 dB to  o b ta in  a s u b s ta n tia l  improvement in  
the sharing  s itu a tio n .
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For che conventional FM system, the requ ired  sep ara tio n  d istances found in  
Table XV in d ica te  th a t sharing  w ith  fix ed  and mobile se rv ices  would not be 
fe a s ib le . For the sound BSS to  share w ith t e r r e s t r i a l  b roadcasting , a 199 to  3 ,1 0 4  km 
d is tan ce  is  required  (which could fu r th e r  be reduced in  the case o f operacion a t 
lo w er f r e q u e n c ie s )  m aking n e a r  c o l l o c a t i o n  p o s s ib l e  in  some s i t u a t i o n s  a t  low er 
l a t i t u d e s .  N ear c o - lo c a t io n  c o r re s p o n d s  to  th e  c a s e  w here th e  TV s t a t i o n  i s  
o u t s id e  b u t n e a r  th e  s a t e l l i t e  c o v e ra g e  a r e a ,  a s i t u a t i o n  w hich b e a r s  s i m i l a r i t y  
t o  th e  e x i s t i n g  i n t e r - s e r v i c e  s h a r in g  e n v iro n m e n t f o r  t e r r e s t r i a l  t e l e v i s i o n .

In  the case of the companded FM system, the sharing  w ith the t e r r e s t r i a l
b roadcasting  serv ice req u ires  even sm aller sep a ra tio n  d is tan ces  (0 co 2,749 km) than
for the case of conventional FM discussed above. Therefore, 
in some cases, operation in the same geographic area would
be possible at the lower latitudes, considering only inter­
ference from BSS sound broadcasting space station transmitters 
to terrestrial UHF receivers. However, interference in the 
reverse direction, that is from terrestrial UHF TV transmitters, 
which have powers up to 5 megawatts, could cause interference to BSS 
earth station receivers in large areas around TV stations.

S h a r in g  w ith  th e  f ix e d  s e r v i c e  f o r  low e l e v a t io n  a n g le s  r e q u i r e s  l a r g e  
d i s t a n c e s  w hich can be d im in ish e d  i f  e n e rg y  d i s p e r s a l  i s  em ployed . In  th e  c a s e  o f
a r e a s  w ith  h ig h  e l e v a t io n  a n g le s ,  s h a r in g  w ith  th e  f ix e d  s e r v i c e  w ould p e rm it  n e a r
c o - lo c a te d  o p e r a t io n  w ith  e n e rg y  d i s p e r s a l  (an  en e rg y  d i s p e r s a l  rem o v al c i r c u i t  can  
be assum ed s in c e  new r e c e iv e r s  w ith  e x p a n d e rs  would need  to  be m a n u fa c tu re d  in  any 
c a s e ) .  S h a r in g  w ith  th e  m o b ile  s e r v i c e  w i l l  r e q u i r e  r e l a t i v e l y  l a r g e  s e p a r a t i o n  
d i s t a n c e s  w hich  c o u ld  be d im in ish e d  to  a p p ro x im a te ly  500 km w ith  e n e rg y  d i s p e r s a l .

Considering the simple d ig i ta l  system, a range o f  463 to  4976 km i s
req u ired  fo r sharing  w ith the broadcasting se rv ice . Since the p .f .d .  fo r  a l l  the 
opera tin g  frequencies must be ad justed , the th resho ld  of 30 dB could e a s i ly  be 
avoided and much sm aller d is tan ces  would be needed. Sharing w ith the f ix ed  serv ice  
w il l  only be p o ss ib le  in  the case of low e lev a tio n  angles below 1 GHz a t  very  large 
d is tan ces . At high e lev a tio n  angles, sharing  a t  a le s s e r  d istance  w il l  be p o ss ib le .
Sharing w ith mobile se rv ices  w il l  only be possib le  below 700 MHz and even so 
re q u ir in g  large  sep ara tio n s.

.The advanced  d i g i t a l  sy s te m ,  i n  o r d e r  t o  s h a r e  w i th  t h e  b r o a d c a s t i n g  
s e r v i c e ,  r e q u i r e s  d i s t a n c e s  r a n g in g  from 3 6 l  t o  3171 km. T h is  means t h a t  co ­
l o c a t i o n  would be p o s s i b l e  a t  h ig h  e l e v a t i o n  a n g l e s .  F u r th e rm o r e ,  a t  a  f re q u e n c y  
o f  500 MHz, n e a r  c o - l o c a t i o n  would be p o s s i b l e ,  f o r  e l e v a t i o n  a n g le s  above U50 . 

S h a r in g  i s  f e a s i b l e  w ith  th e  f ix e d  s e r v i c e  a t  medium to  l a r g e  d i s t a n c e s  d e p e n d in g  
on o p e r a t in g  f r e q u e n c ie s .  R eg ard in g  s h a r in g  w ith  th e  m o b ile  s e r v i c e ,  i t  i s  o n ly  
f e a s i b l e  below  1 GHz and th e n  o n ly  f o r  l a r g e  s e p a r a t i o n  d i s t a n c e s .

2 . 8  Bandwidth considerations [CCIR, 1978-82a] [CCIR,  1986~90a, b]

The total bandwidth required for a band 9 sound BSS depends on the modulation method and the extent 
o f coverage overlap.
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F o r c o n v e n t i o n a l  FM a n d  b a s e d  on  th e  p a r a m e te r s  w i th  a p p r o p r i a t e  
m o d i f i c a t i o n  u s e d  f o r  th e  p l a n n in g  o f  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  i n  th e  
12 GHz b a n d  i n  R e g io n  1 , one  c a n  c o n c lu d e  fro m  a  s tu d y  c a r r i e d  o u t  b y  t h e  EBU 
an d  ESA c o v e r in g  a lm o s t  t h e  w h o le  o f  A f r i c a  an d  E u ro p e  t h a t  a p p r o x im a te ly  60 
c h a n n e ls  w i th  a  s p a c in g  o f  150 kHz an d  t h u s ,  a  t o t a l  b a n d w id th  o f  a b o u t  9 MHz i s  
n e c e s s a r y  t o  p r o v id e  one  n a t i o n a l  so u n d  b r o a d c a s t i n g  p rogram m e p e r  c o u n t r y .  T h is  
s tu d y  i s  v a l i d  f o r  m o n o p h o n ic  a s  w e l l  a s  s t e r e p h o n i c  r e c e p t i o n .  The l a t t e r  w i l l ,  
h o w e v e r , o n ly  b e  a c h i e v a b l e  w i th  p e r m a n e n t l y - i n s t a l l e d  r e c e i v e r s .  The h i g h e r  
p r o t e c t i o n  r a t i o  n e e d e d  f o r  t h e  h i g h e r  q u a l i t y  s t e r e o p h o n i c  FM r e c e p t i o n  i s  
o b t a i n e d  th r o u g h :

— the line-of-sight reception of permanently-installed receivers requiring no fade margin: and

— the radiation characteristics of the high-gain receiver antenna which makes it possible to discriminate between 
the wanted and interfering satellites if the latter are in different orbit positions.

A study conducted in Canada for Region 2 based on the RARC SAT-83 service areas concludes that
frequency re-use will not be possible and consequently 10.8 MHz are needed for one national programme per 
service area. A different coverage approach with a higher degree of overlap results in a bandwidth increase.

S im p le  d i g i t a l  m o d u la t io n  m e th o d s t e n d  to  r e q u i r e  l a r g e r  t r a n s m i s s i o n  
b a n d w id th s  p e r  c h a n n e l  w h ic h , h o w e v e r , i s  p a r t l y  b a l a n c e d  b y  t h e  lo w e r  
s e n s i t i v i t y  t o  i n t e r f e r e n c e .  A s tu d y  made f o r  R e g io n  2 c o u n t r i e s  i n d i c a t e s  a  
b a n d w id th  r e q u i r e m e n t  o f  some 13 MHz f o r  one  m on o p h o n ic  p rog ram m e p e r  R e g io n  2
c o u n t r y .  S te r e o p h o n ic  t r a n s m i s s i o n s  w o u ld  c o n s e q u e n t ly  r e q u i r e  26 MHz. '

The frequency of the carrier within the 500-2000 MHz band affects the level of frequency re-use and hence 
affects the amount of spectrum required to provide one programme per service area. A lowering of the operating 
frequency will increase the size of the minimum beam for a given minimum antenna size. The angular distance 
before the frequency can be re-used will consequently increase thus increasing the spectrum requirement until a 
point where frequency re-use becomes impossible. From that point onward, the spectrum requirement stays 
constant. In a study for Region 2, it was found that the spectrum requirement decreased by 25% going from 
1 GHz to 2 GHz whereas a smaller increase, between 0% and 12%, was found going from 1000 MHz to 500 MHz.

A d v an ced  d i g i t a l  s y s te m  I I  u s e s ,  a s  a  m a t t e r  o f  p r i n c i p l e ,  c h a n n e l s  
w h ic h  a r e  4 MHz w id e  i n  w h ic h  12 to  16 s t e r e o p h o n i c  p ro g ram m es a r e  t r a n s m i t t e d .
A p l a n n i n g  e x e r c i s e  h a s  show n t h a t  w i th  t h i s  s y s te m  a  t o t a l  b a n d  o f  84 MHz 
( i . e .  21 c h a n n e l s )  c a n  p r o v id e  one 4 MHz c h a n n e l  w i th  n a t i o n a l  c o v e r a g e  f o r  e a c h  
E u ro p e a n  c o u n t r y .  T h is  t o t a l  b a n d w ith  may b e  r e d u c e d  i f  t h e  s e r v i c e  a r e a s  a r e  
i d e n t i c a l  a n d  r e g u l a r l y  d i s t r i b u t e d .

2 . 9  Feeder-link considerations [CCIR, 1978-82a]

Feeder l in k s  fo r  s a t e l l i t e  sound b ro a d c a s tin g  system s w i l l  l i k e ly  be accommodated in  
bands a l lo c a te d  to  th e  f ix e d  s a t e l l i t e  s e rv ic e . The re q u ire d  bandw idth w i l l  l i k e ly  be 
sm all in  term s o f  p re s e n t FSS usage and w i l l  be commensurate w ith  th e  bandw idth a l lo c a te d  
to  th e  b r o a d c a s t in g - s a te l l i t e  s e rv ic e  (sound) down l in k s .
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2 . 10 C o s t  c o n s i d e r a t i o n s

The economics o f  in tro d u c in g  a new b ro a d c a s tin g  se rv ic e  depend on many f a c to r s ,
in c lu d in g  th e  c o n te x t in  which i t  i s  to  be in tro d u ced  [ S t o t t , 1985] .

I t  i s  r e le v a n t  to  compare th e  c o s ts  o f  p ro v id in g  a  s a t e l l i t e  sound b ro a d c a s tin g  
se rv ic e  w ith  th o se  o f  p ro v id in g  a  s im ila r  s e rv ic e  by t e r r e s t r i a l  means. I t  should  be 
n o ted  th a t  th e  d i g i t a l  system  may p rov ide  a  h ig h e r  q u a l i ty  s e rv ic e  th an  conven tiona l IM 
b ro a d c a s tin g . Thus, any a d d it io n a l  v a lu e  o f  such enhanced s a t e l l i t e  se rv ic e  would need to
be tak en  in to  accoun t in  any c o s t  com parison w ith  t e r r e s t r i a l  means.

The m agnitude o f  th e se  c o s ts ,  and t h e i r  s ig n if ic a n c e  w i l l  v a ry  from co u n try  to  
co u n try  and w ith  tim e. R elevant c o s t  f a c to r s  in c lu d e :

For a  netw ork o f  t e r r e s t r i a l  t r a n s m it te r s :

- many tra n s m it t in g  s i t e s ,  w ith  t r a n s m it te r s ,  an ten n as, and accommodation;

- roads to  p ro v id e  access to  them;

- power d i s t r i b u t io n  o r lo c a l  g e n e ra tio n  to  p ro v id e  power to  th e  t r a n s m it te r s ;

- .communication l in k s  from th e  s tu d io  c e n tre  to  t r a n s m itt in g  s i t e s ;

- s t a f f  to  o p e ra te  and m ain ta in  them;

- th e  c o s t  o f  e l e c t r i c i t y  i s  s ig n i f ic a n t .

For s a t e l l i t e  b ro ad cas tin g :

- th e  p ro v is io n  and launch o f  a  s a t e l l i t e  to g e th e r  w ith  p ro v is io n s  f o r  back-up in  the  
ev en t o f  f a i l u r e ;

- one e a r th  s t a t i o n ,  com prising th e  f e e d e r - l in k  t r a n s m it te r  and f a c i l i t y  f o r  TTC 
( te le m e try , t r a c k in g  and command - th e  fu n c tio n s  needed to  e s t a b l i s h  and m ain ta in  
c o r r e c t  o p e ra tio n  o f  th e  s a t e l l i t e ) ) ,  which cou ld  p o ss ib ly  be s i t u a t e d  a t  th e  s tu d io  
c e n tre ,  o b v ia tin g  th e  need f o r  e x tr a  ro ad s , power d i s t r ib u t io n  and conm unication 
l in k s ;

- l e s s  s t a f f ;

- th e  f e e d e r - l in k  t r a n s m it te r  r e q u ire s  v e ry  l i t t l e  power compared w ith  a  netw ork o f 
b ro a d c a s t t r a n s m it te r s .

In  e i t h e r  c a se , th e  l i s t e n in g  p u b lic  must have s u i ta b le  r e c e iv e rs  and s u i ta b le  
programme m a te r ia l  must be a v a i la b le .

System c h a r a c te r i s t i c s  a ls o  a f f e c t  th e  c o s t  o f  r e c e iv e r s .  T his i s  one o f  th e  
reaso n s why th e  f i r s t  s tu d ie s  co n sid e red  IM w ith  c h a r a c te r i s t i c s  id e n t i c a l  to  th o se  in  
common u se  f o r  t e r r e s t r i a l  VHF b ro a d c a s tin g . N e v e rth e le ss , th e  developm ent o f  d i g i t a l  
system s w hich a re  r e a d i ly  amenable to  mass p ro d u c tio n  w i l l  h e lp  to  c o n ta in  r e c e iv e r  
c o s t s .
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One way to  reduce c o s ts  i s  to  sh a re  th e  s a t e l l i t e ,  and th u s  th e  space-segm ent c o s ts , 
w ith  o th e r  s e rv ic e s .  P o s s ib i l i t i e s  in c lu d e :

- p ro v id in g  sound b ro ad cas tin g  to  more th an  one co u n try , each hav ing  in d iv id u a l  n a tio n a l  
o r  s u b -n a tio n a l coverage;

- p ro v id in g  a d d it io n a l  reven u e-earn in g  s e rv ic e s  ( e .g . ,  da ta ) which a re  u n re la te d  to  sound 
b ro a d c a s tin g ;

- sh a r in g  th e  same sp a c e c ra f t  w ith  o th e r  s e rv ic e s  such as FSS, MSS, e t c .

- any com binations o f  th e  above.

Such p o s s i b i l i t i e s  would be f a c i l i t a t e d  by th e  development o f  s u i ta b le  tra n s m itt in g  
an tennas which can prov ide more th an  one beam w ith o u t s ig n i f ic a n t  in c re a se  in  s iz e  and 
w eigh t. An example i s  an a r ra y  an tenna w ith  m u ltip le  beam p o r ts .

2 .1 1  R e c e iv e r  c o m p le x i ty

The f r e q u e n c y  m o d u la t io n  s y s te m s  a n d  th o s e  u s i n g  s im p le  d i g i t a l  
t e c h n i q u e s  r e q u i r e  o n ly  c o n v e n t io n a l  r e c e i v e r s  u s i n g  w e ll-k n o w n  t e c h n o l o g i e s .  
F o r  c o n v e n t i o n a l  FM u s in g  th e  same m o d u la t io n  p a r a m e te r s  a s  t e r r e s t r i a l  VHF 
b r o a d c a s t i n g  one  w o u ld  o n ly  r e q u i r e  t o  a d d  t o  t h e  e x i s t i n g  r e c e i v e r  a  s im p le  
f r e q u e n c y  t r a n s l a t o r  fro m  th e  s a t e l l i t e  o p e r a t i n g  f r e q u e n c y  f o r  t h e  VHF 
b r o a d c a s t i n g  b a n d . The a d v a n c e d  d i g i t a l  s y s te m s  n e c e s s i t a t e  m ore c o m p le x  s i g n a l  
p r o c e s s i n g  t e c h n i q u e s  i n  t h e  r e c e i v e r s  ( c o h e r e n t  d e m o d u la t io n ,  p rogram m e 
s e l e c t i o n ,  V i t e r b i  d e c o d in g ,  so u n d  d e c o d i n g ) . A l l  t h e s e  o p e r a t i o n s  c a n  
n o n e t h e l e s s  b e  d o n e  i n  f u t u r e  w i th  i n t e g r a t e d  c i r c u i t s  m a n u f a c tu r e d  i n  l a r g e  
q u a n t i t i e s  a n d  h e n c e  o f  low  c o s t .

I n d e e d ,  t h e  e x p e r im e n ta l  s y s te m  d e s c r i b e d  i n  A nnex  IV a l r e a d y  u t i l i z e s  
l a r g e - s c a l e  C-MOS i n t e g r a t e d  c i r c u i t s  t o  p e r f o r m  c o m p le x  c o d in g  a n d  d e c o d in g  
f u n c t i o n s .

2 .1 2  C o n c lu s io n s

The r e s u l t s  o f  t h i s  s tu d y  s u g g e s t  t h a t  s a t e l l i t e  s o u n d  b r o a d c a s t i n g  
s y s te m s  i n  b a n d  9 c o u ld  b e  r e a l i z e d  w i th  c u r r e n t  t e c h n o lo g y  f o r  a l l  a r e a s  
r a n g in g  fro m  t h e  e a s i e s t  c a s e  o f  r u r a l  e q u a t o r i a l  a r e a s  t o  t h e  m o s t d i f f i c u l t  
c a s e  o f  u r b a n  a r e a s  a t  h ig h  l a t i t u d e .

T h re e  ty p e s  o f  s y s te m s  h a v e  b e e n  s t u d i e d .  The f i r s t  m o d e l u s e s  FM w i th  
p a r a m e te r s  c o m p a t ib le  w i t h  t e r r e s t r i a l  FM b r o a d c a s t i n g  a n d  p r o v i d e s  m o n o p h o n ic  
r e c e p t i o n  i n  t h e  c a s e  o f  p o r t a b l e  a n d  m o b ile  r e c e i v e r s  o r  s t e r e o p h o n i c  r e c e p t i o n  
i n  t h e  c a s e  o f  p e rm a n e n t  i n s t a l l a t i o n s  w h e re  o b s t r u c t i o n s  c a n  b e  m in im iz e d  a n d  
l a r g e r  a n te n n a s  c a n  b e  u s e d .  A l t e r n a t i v e l y ,  one  c a n  u s e  com panded  FM w i th  
r e d u c e d  a u d io - b a n d w id th  a n d  d e v i a t i o n ,  a l th o u g h  t h i s  s i g n a l  i s  n o t  r e c e i v a b l e  on 
c o n v e n t i o n a l  FM r e c e i v e r s .  The s e c o n d  m o d el u s e s  d i g i t a l  m o d u la t io n  a n d  c a n  
p r o v id e  a  w id e r  r a n g e  o f  f a c i l i t i e s  in d e p e n d e n t  o f  t h e  ty p e  o f  r e c e p t i o n .  The 
t h i r d  m o d e l c o r r e s p o n d s  t o  a d v a n c e d  d i g i t a l  s y s te m s  i n  w h ic h  s p e c i a l  c o d in g ,  
i n t e r l e a v i n g  t e c h n iq u e s  a n d / o r  s p a t i a l  d i v e r s i t y  r e c e p t i o n  s e r v e  t o  r e d u c e  
th e  e f f e c t s  o f  f a d i n g  c a u s e d  b y  m u l t i - p a t h  p r o p a g a t i o n .

The most s t r in g e n t  s e rv ic e  requ irem ents a re  b e s t  s a t i s f i e d  u s in g  system s e s p e c ia l ly  
t a i l o r e d  f o r  th e  p u rpose . Examples in c lu d e  th e  two advanced d i g i t a l  system s which o f f e r  a  
h ig h e r  s ta n d a rd  o f  s e rv ic e  w ith  reduced power and p . f .d .  requ irem en ts compared to  a  sim ple 
d i g i t a l  system  o p e ra tin g  under th e  same c o n d itio n s . I n  o t h e r  c i r c u m s ta n c e s  h o w e v e r , a  
sim ple d i g i t a l  o r  analogue FM system  would b e  adequate and a p p ro p r ia te .
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A ll th e  d i g i t a l  systems o f f e r  th e  choice o f  p ro v id in g  a  s te reo p h o n ic  se rv ic e  to  a l l  
types o f  r e c e iv e r  (m obile, p o r ta b le  and f ix e d ) ,  w ith  th e  f l e x i b i l i t y  to  re -a p p o r tio n  the 
c a p a c ity , i f  d e s ire d , to  prov ide two o r  more monophonic o r d a ta  ch annels. The com plexity 
o f  d i g i t a l  system s shou ld  n o t be regarded  as a  b a r r i e r  to  im plem entation o r  p e n e tra t io n  of 
th e  s e rv ic e  s in c e  such system s a re  r e a d i ly  amenable to  in te g r a te d - c i r c u i t  r e a l i z a t io n  w ith  
a tte n d a n t c o s t sav ings in  mass p ro d u c tio n .

The bandwidth required for a satellite sound broadcasting service in band 9 depends on the modulation 
method and on the extent of coverage overlap. Studies performed by the EBU and ESA for almost the whole of 
Africa and Europe, and by Canada in Region 2, arrive at a required bandwidth of 9 to 11 MHz for providing one 
national sound broadcasting programme per country when this is transmitted by frequency modulation. S im p le  
d i g i t a l  m o d u l a t i o n  t e n d s  t o  r e q u i r e  a  so m e w h a t l a r g e r  b a n d w id t h .

W ith  a n  a d v a n c e d  d i g i t a l  s y s te m , i t  i s  n o n e t h e l e s s  p o s s i b l e  to  
b r o a d c a s t  up  t o  16 s t e r e o p h o n i c  p rog ram m es w i th  n a t i o n a l  c o v e ra g e  t o  e a c h  
c o u n t r y ,  i n  a  t o t a l  b a n d  ©-f 84 MHz a s  fo u n d  i n  a  s tu d y  made f o r  E u ro p e .

Before a  s a te l l i t e - s o u n d  b ro a d c a s tin g  se rv ic e  co u ld  be in tro d u ced , a  r e v is io n  to  the 
Table o f  Frequency A llo c a tio n s  o f  th e  Radio R egu la tions would be n ecessa ry  in  o rd e r to  
make e i t h e r  an e x c lu s iv e  o r  a  sh ared  a l lo c a t io n  to  th e  s e rv ic e .

In  g en e ra l i t  i s  n o t easy  f o r  a  s a te l l i t e - s o u n d  b ro a d c a s tin g  se rv ic e  to  sh are  a 
frequency  band w ith  o th e r  s e rv ic e s , and f o r  t h i s  reaso n  an  e x c lu s iv e  band a l lo c a t io n  would 
be p re fe r re d . I t  can  be argued th a t  t h i s  arrangem ent would u lt im a te ly  le a d  to  th e  most 
e f f i c i e n t  use o f  th e  spectrum  when many s a t e l l i t e  sound b ro a d c a s tin g  system s have been 
in tro d u ced . N ev e rth e le ss , sh a r in g  on th e  b a s is  o f  g eo g rap h ica l s e p a ra tio n  i s  p o s s ib le  in  
c e r t a in  c ircu m stan ces , e s p e c ia l ly  fo r  lo w -p .f .d . system s. The d is c r im in a tio n  p rov ided  by 
th e  re c e iv in g  an tennas o f  th e  t e r r e s t r i a l  s e rv ic e s  to  be p ro te c te d  was found to  g re a t ly  
improve th e  geog rap h ica l sh a rin g  s i tu a t io n  when those  s e rv ic e s  a re  in  a re a s  w ith  h ig h  
e l e v a t i o n  a n g le s  t o  t h e  s a t e l l i t e .  The d e s i g n a t i o n  o f  a  r e l a t i v e l y  w id e  s h a r e d  
b a n d  w i t h i n  w h ic h  a d e q u a te  s e g m e n ts  c o u ld  b e  u s e d ,  s u b j e c t  to ' v a r y i n g  
c o n s t r a i n t s ,  m ig h t  p r o v id e  a  f l e x i b l e  a l t e r n a t i v e  m eans t o  im p le m e n t s a t e l l i t e  
so u n d  b r o a d c a s t i n g  s y s te m s .

3. Systems for bud 7 *

It should be noted that the Radio Regulations do not provide for the use of satellite transmissions in this
band.

3.1 Introduction

Transmissions in this band depend on the reflection and refraction properties of the ionosphere to extend 
the service area beyond that which is served by the ground wave. There are many variables associated with the use 
of the ionosphere which are a function of operating frequency, time of day, season, solar activity and 
geographical latitude and longitude. To provide the desired grade of service in the presence of these variables, it is 
common practice to simultaneously transmit a single programme in different bands and on multiple channels 
within the same band, often resulting in congestion and poor service quality.

The application of satellite techniques might lead to better utilization of the allocated bands. The 
ionospheric conditions which permit penetration of the ionosphere by satellite emissions can, in certain 
conditions, preclude long distance terrestrial transmissions, particularly above about 15 MHz.

Section 3 with Tabl* xvi was not accepted by all administrations at the Interim Meetings of Study Groups 10 and 11 (1983).
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The concept of using satellite techniques for sound broadcasting in band 7 is not new. This concept was 
actively studied within the CCIR until the early 1970s and the results may be found in Report 215-2 (New Delhi, 
1970). These studies showed the need for high RF power (of the order of 200 kW) which was due, in part, to the 
unavailability of spacecraft transmitting antennas with appreciable gain. In the context of the then existing 
state-of-the-art in satellite technology and launch vehicle capability, the technical and operating characteristics of 
satellite sound broadcasting systems operating in band 7 were formidable requirements which challenged the 
technological feasibility of the application. However, recent work within the United States of America on the 
development and the reduction of weight of large space antennas [Freeland, 1982] and associated technology 
shows promise. Nevertheless, considerable further study is required before the feasibility at an acceptable cost can 
be demonstrated.

3.2 Quality objectives and suitable modulation methods

It is common practice in HF broadcasting to specify a median field strength within the service area as 
opposed to specifying a test tone-to-unweighted noise at the output of a fully specified or standard receiver. In 
keeping with this practice it is deemed sufficient to specify a field strength objective to be equalled or exceeded 
over the service area.

It is assumed that am plitude modulation will be used because o f the large numbers o f AM receivers 
presently in use and for the foreseeable future. To provide an acceptable quality of service to low-cost portable 
HF receivers in a noisy radio-frequency environment requires that the median field strength be of the order of 
50 dB(pV/m) to 60 dB(pV/m). The system example given in § 3.5 assumes 60 dB(pV/m ) for the required median 
field strength.

3.3 Technically suitable frequencies

Ionospheric propagation effects are the key technical elements in identifying suitable frequency bands for 
satellite sound broadcasting. Pending further propagation and interference studies, it is believed that 15 MHz may 
be the lowest suitable frequency during night-time hours and during periods of low sunspot activity. The 
suitability would increase with frequency, and frequencies up to 26 MHz could be received by HF broadcast 
receivers.

3.4 Propagation factors

Trans-ionospheric propagation of satellite emissions in band 7 is a function of the complex dielectric 
properties of the ionosphere and their temporal and spatial distribution. These properties cause Faraday rotation, 
scintillation, absorption, reflection and refraction of electromagnetic waves traversing the ionosphere. The 
ionosphere is influenced primarily by solar radiation. As a result, the characteristics of the ionosphere exhibit 
diurnal, seasonal and solar cycle variations.

Report 725 describes the properties of the ionosphere, and Report 263 describes the ionospheric effects on 
Earth-space propagation.

Shielding of the Earth by the F layer and to a lesser extent by the sporadic-E layer is the most detrimental 
effect the ionosphere can have on satellite transmissions. The conditions for which the ionospheric penetration 
occurs and for what periods of time are factors determining the feasibility of satellite sound broadcasting in 
band 7. These conditions have been studied and are reported in detail in [Phillips and Knight, 1978].

3.4.1 Shielding by the F layer

Penetration of the F layer by geostationary-satellite emissions in the 26 MHz band is such tha t a 
sound broadcasting service could be provided to latitudes as great as 55° on 90% of the days around local 
noon. This service availability would be realized during periods when the smoothed sunspot number ( R n ) 
is as high as 100.

3.4.2 Shielding by the sporadic-E layer

Shielding by sporadic E is expected to occur for less than 1 to 5% of the time during the summer 
season, and for small percentages of time for the other seasons.
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3.4.3 Absorption

Extrapolating data to the 26 MHz band as given in Report 263, absorption under normal 
conditions will be between 0.9 and 2.2 dB and as much as 20 dB during a solar flare.

3.4.4 Faraday rotations

Faraday rotation of a linearly-polarized wave can be of the order of 400 revolutions at 26 MHz. 
Consequently, circularly polarized satellite emissions are required to avoid deep fading of signals when 
received using simple dipole antennas.

3 .4 . 5  Coverage area produced by scatter from the earth
and by antenna sidelobe radiation

In addition to a primary coverage area produced by direct illumination from the satellite, there will 
be, under certain conditions as illustrated in Fig. 1, a secondary area formed by scatter from the Earth’s 
surface and consequent reflections from the ionosphere, as on ordinary Earth-Earth links [CCIR, 1982- 
86tJ.

Factors affecting this scatter propagation mode include: diurnal, seasonal and solar cycle effects on 
the electron density profile of the ionosphere; the geographic and geomagnetic location of the coverage 
area; the angle of incidence on the coverage area of the wave emitted by the satellite; and the relative 
roughness of the surface of the coverage area (must be sufficiently rough to generate diffuse reflections).

Preliminary calculations of the field strength were carried out using the methods described in 
[Chernov, 1971] for the following conditions: an illumination frequency of 26 MHz; a field strength of 
60 dB(pV/m) in the coverage area; a diameter of 1000 km of the primary coverage area located at the 
equator; and the area is hilly, the ratio of r.m.s. height to the terrestrial irregularity correlation radius is 
equal to 0.05. The ionospheric conditions were taken for January, sunspot number R,; = 100 and 1800 h 
local time in the coverage area (see Report 340). The results are presented as field strength contours.

The results of the calculations for an illuminated area centred at 0° N, 20° E are shown in Fig. 2.
The illustration shows that with an initial field strength of 60 dB(uV/m), the area illuminated by a scatter 
field strength higher than 30 dB(u\7m) is many times greater than the original area. However, to use the 
additional area as wanted area is difficult owing to variability of the ionosphere and fluctuating 
dimensions and borders of the area. This scatter effect is fairly large and may cause interference at the 
given frequency in adjacent areas. A c c o rd in g  t o  t h e  t e s t  r e s u l t s  [CCIR, 1 9 8 6 -9 0 g ]  th e  
a n te n n a  s i d e l o b e  r a d i a t i o n  o f  th e  s a t e l l i t e  m ay, i n  some c i r c u m s t a n c e s ,  b e  q u i t e  
s u b s t a n t i a l  an d  m u s t n o t  b e  n e g l e c t e d .

Additional study is required to characterize statistically these effects (percentage of time and
geographical extent) taking into account the factors enumerated above which affect this propagation mode.

3.5 Example system
The technical performance characteristics for an example system operating from the geostationary orbit are 

shown in TableXVI.This example is intended to highlight technical characteristics associated with a satellite system 
providing a good grade of service to an area with a high level of man-made noise.

3.6 Conclusion

Satellite and launch vehicle technology that may be used for transmission in band 7 is currently under 
development in the United States of America and the possibility requires examination to see whether it could lead 
to more effective use of the frequency spectrum. A preliminary analysis of the propagation factors indicate that 
systems operating in the 26 MHz band are capable of providing better than a 90% service availability during 
daylight hours independent of the operating period within the 11-year solar cycle. During the period of low solar 
activity, systems operating as low as 15 MHz may perhaps be capable of providing high availability service at 
night and to a lesser extent during the day.

However, further study is required before both the technical and economic feasibility of the system and its 
potential for achieving better frequency usage can be demonstrated.
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TABLE XVI — Link budget fo r  geostationary sound 
broadcasting-satellite systems in band 7

Operating frequency (MHz) 26
M odulation method AM
Transmitting power (kW) 16

(dBW) 42
Satellite transmitting antenna gain (dBi) 40.2
Half-power beamwidth (degrees) 1.6
Satellite antenna diameter (m) 500
E.i.r.p (dBW) 82.2
Spreading loss (') (dB) -1 6 3
Absorption (dB) - 2
pfd at edge o f beam ( - 3  dB) (dB W /m 2) -8 5 .8
Field strength (dB(pV/m)) 60

(pV/m ) 1000
Polarization loss (dB) - 3
Receiving antenna gain (2) (dBi) 0
Received signal power (dBW) -7 8 .5
System noise figure (3) (dB) 40
Noise bandwidth (kHz) 10
Noise power (dBW) -1 2 2 .2
Carrier-to-noise ratio (dB) 43.7
Test tone-to-noise ratio in 5 kHz (4) (dB) 43.7

(')  Corresponds approximately to 20° elevation angle.
(2) Simple dipole or whip assumed.
(3) Median business area man-made noise (see Report 670).
(4) 100% m odulation assumed.

FIGURE 1 -  Area illuminated and scattering o f  energy
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FIGURE 2 -  Calculated results fo r  a 26 MHz transmission frequency and centre o f  illuminated area a t 0° N, 20° E
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ANNEX I

S a t e l l i t e  t r a n s m i t t i n g  a n te n n a  t e c h n o lo g y  

fCCIR, 1 9 8 6 -9 0 a ]
' ' N~ ' .

1 . I n t r o d u c t i o n

With t h e  r e l a t i v e l y  lo w e r  EIRP now r e q u i r e d  ( s e e  § 2 . 6 . 4 )  w hich  w i l l  
r e s u l t  i n  a  l o w e r in g  o f  t h e  r e q u i r e d  p r im a ry  power and  th u s  t h e  t o t a l  
s a t e l l i t e  s i z e ,  i t  seems t h a t  t h e  s a t e l l i t e  a n te n n a  re m a in s  t h e  o n ly  
c r i t i c a l  e lem en t  i n  t h e  r e a l i z a t i o n  o f  t h e  sp ace  segm ent t o  p r o v id e  UHF 
so u n d  BSS. T h is  a n n e x  c o v e r s  t h e  d e t a i l s  o f  a  num ber o f  t e c h n i q u e s  t o  r e a l i z e  
t h e . a n t e n n a s  a n d  t h e i r  e x p e c te d  p e r f o r m a n c e .

'Satellite-borne antennas with diameters in the range of 5 meters to 55 meters are currently in various stages of development for advanced 
applications such as mobile communications satellites, orbiting very-long- 
baseline- inter ferometry (VLBI) astrophysics missions, and Earth remote
s e n s i n g  m is s io n s  [ F r e e l a n d  e t  a l . , 1 9 8 6 ] .  The t e c h n o lo g y  b e in g  d e v e lo p e d  
f o r  t h e s e  o t h e r  t y p e s  o f  a p p l i c a t i o n s  i s  d i r e c t l y  a p p l i c a b l e  t o  s a t e l l i t e  
sound b r o a d c a s t i n g  sy s tem s  o p e r a t i n g  i n  b and  9 .
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Satellite-borne antennas with diameters greater than about 3 to 
4 meters must be designed so that they may be launched in a stowed confiquration. and deployed once the satellite has achieved its proper o?bit and has been stabilized. This constraint has led to large-aperture, 
reflector antenna designs based on the use of a collapsible or foldable 
support structure and of a light-weight, pliable, metallized mesh 
reflector surface.

The types of supporting structures used on the different satellite- borne antennas currently under development include the hoop/column, the tetrahedral truss, and the wrap-rib. Figure 3 shows the wrap-rib and 
hoop/column antennas both in the partially deployed and fully deployed 
stages. These deployable antennas are all of relatively light-weight and use a mesh material as the reflecting surface. In the deployed 
configuration, the mesh antenna surface is formed into a paraboloid either by a series of tie-points between the members of the supporting structure 
and the mesh (the hoop/column and tetrahedral truss antenna) or by 
attaching the mesh to a shaped rib (the wrap-rib antenna). The surface accuracies achieved using these shaping techniques are such that the 
measured radiation patterns of these developmental antennas generally conform to the co-polar reference pattern for satellite transmitting 
antennas given in Figure 3 of Recommendation 652.
2. SUPPORTING STRUCTURE
2.1 Hoop/Column

A 15 meter diameter hoop/column antenna has been built and tested in a ground environment [Belvin and Edighoffer, 1986]. The antenna deploys 
from a volume of about 1 meter in diameter by 3 meters high to a structure that is 15 meters in diameter by 9.5 meters m  height. A motor driven 
cable system is used to deploy the antenna.
2.2 Tetrahedral Truss

A technology-demonstration 5 meter diameter tetrahedral truss antenna has been built and tested [Dyer and Dudeck, 1986]. When packaged, the 
overall antenna height is 1.8 meters, the truss height is 1.1 meters, the 
mesh diameter is 1.4 meters, and the truss diameter is 0.9 meter. The antenna is a freely deploying system that does not require motors to deploy. Deployment makes use of energy stored in the folded spring hinges 
(carpenter tape hinges) of the structure.

2.3 Wrap-Rib
Large-aperture, deployable reflector antennas based on the wrap-rib 

7SSign*Use e most mature deployable antenna technology available 
Iv? ?ri< • ^ me^er diameter version of this antenna was flown onthe Applications Technology Satellite-6 (ATS-6) in 1974 [Marsten, 1975]. A preliminary design study was conducted in 1979 to characterize offset fed 

f~i”sy?2net;!:*c reflector antennas for missions requiring antennas in ? , ? meter to 150 meter diameter range. The study identified criticaltechnologies, estimated the cost and schedule required to develop the 
antenna, and developed a technology plan for a low-cost, low-risk "proof- of-concept" demonstration [Freeland et al., 1984].
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The proof-of-concept was demonstrated in 1984, when a partial 
reflector was deployed in a simulated zero-gravity environment. The proof- 
of-concept model was a segment of a 55 meter diameter reflector consisting of a central hub (around which the ribs are wound when in the stowed 
configuration) and four ribs (contoured to the shape of a parabola) to which the mesh reflector material was attached. The tests demonstrated the 
efficacy of the deployment method and of the mesh-deployment management system.

3. REFLECTOR SURFACE
The performance of these large aperture space-borne antennas may be affected by the characteristics of the reflector material and by the 

accuracy of the reflector contour.
3 . 1  Effects of the Wire Mesh

A knitted wire mesh is the reflector material of choice for each of the antenna types cited. A typical mesh is a tricot knit of 0.003 cm diameter gold-plated molybdenum wire with about 3 openings per centimeter. An analysis to determine the effects of the knitted wire mesh on the gain, side lobe, and cross-polarization performance of large-aperture antennas 
has been performed [Rahmat-Samii and Lee, 1985]. It was shown that the performance of the mesh reflector antenna should be comparable to that of a solid reflector antenna when the geometry of the mesh material was properly selected (i.e., by properly selecting the opening size relative 
to a wavelength, rectangular vs. square openings, and the orientation of 
the rectangular opening relative to the incident polarization vector). 
Specifically, side lobes in excess of 30 to 35 dB below the level of the main beam were achievable using a pliable, light-weight, wire mesh 
reflector material.
3.2 Surface Accuracy

The hoop/column and the tetrahedral truss antennas use tie-points to 
connect the mesh surface to the support structure and to form the surface into a parabolic shape. It was found that grating lobes were generated in the far-field pattern by periodic "pillowing" of the surface, which was in 
turn, caused by errors in "tensioning" the uniformly spaced tie-points. When the placement of the tie-points was randomized, the grating lobes 
were no longer evident [Bailey, 1986]. Figure U illustrates the measured performance of an offset-fed, 5 meter tetrahedral truss antenna operating 
at a scale frequency of 4.26 GHz [Dyer and Dudeck, 1986]. It is noted, 
that this performance should scale to a 20 meter diameter antenna 
operating at a frequency around 1 GHz.

The achievable surface accuracy of the wrap-rib antenna has also been 
studied. This antenna design relies on both the accuracy and on the thermal characteristics of the rib cross-section to define the reflector 
surface formed by the mesh. Studies of the performance of a 20 meter 
diameter wrap-rib antenna in a space environment indicate that an rms surface accuracy of 3 mm can be achieved [Freeland, 1987], This 
corresponds, for example, to an rms surface accuracy of JA/100 at an operating frequency of 1 GHz; a value that will ensure low side lobes.
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4. IN-ORBIT TESTS
In order to verify that these large aperture deployable antennas will perform as required in a space environment, it is necessary to test them 

in an environment that simulates, as closely as possible, the zero-gravity 
and thermal vacuum conditions found in outer space. Ground testing of 
these antennas, even when suitable facilities exist, is extremely 
difficult and expensive, and frequently yields results of questionable value. A flight test of a high-performance, low-side lobe, 20 meter diameter wrap-rib prototype antenna system on the Shuttle or on another 
suitable vehicle is being studied as a means to significantly reduce the risk and uncertainty associated with the operational use of an antenna and to provide the added benefit of helping to validate ground test procedures 
for future antenna systems [Freeland et al., 1986? Freeland, 1987].
5. SUMMARY AND CONCLUSIONS

There is significant work underway to develop high-performance, 
deployable, light-weight, space-qualified reflector antennas with diameters ranging from 5 meters to over 55 meters and which exhibit 
sidelobe levels on the order of 30 dB or more below the peak gain of the antenna. Axi-symmetric and offset-fed antennas are being developed. A 
tricot knit, gold-plated molybdenum wire mesh is used for the reflecting surface. Analyses, confirmed by experiment, show that a properly chosen wire mesh reflector surface will not degrade the antenna performance in 
the sidelobe region. When this condition is met, the antenna performance in the sidelobe region is primarily determined by the mechanical 
deviations of the reflector surface from a paraboloid. During the course of developing the tetrahedral truss antenna, it was found that random positioning of the tie-point locations was an effective means by which to 
eliminate the grating lobes exhibited by antennas that use regularly spaced tie-points.

The difficulties associated with space-qualifying these large- 
aperture deployable antenna structures using ground testing has led to the study of using flights of the Shuttle or other suitable vehicles to perform the requisite qualification tests. In-orbit testing of a high- 
performance, 20 meter diameter wrap-rib antenna is being studied.

It may be concluded on the basis of the on-going work cited in this contribution that the satellite transmitting antenna radiation pattern 
given in Figure 9 of Annex 5 to Appendix 30 (ORB-85) is a viable reference 
radiation pattern to use for sharing studies and for system studies 
involving satellite sound broadcasting systems operating in band 9.
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WRAP-RIB HOOP/COLUMN

Figure 3 - Partially and fully deployed wrap-rib and 
hoop/column antennas [Jordon et al, 1984]

E-PLANE (4.26 GHz) H-PLANE (4.25 GHz)

Figure k - Comparison of the calculated and measured antenna 
pattern of a 5 meter tetrahedral truss antenna 
operating at 4.26 GHz [Bailey, 1986].
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ANNEX I I

P r o p a g a t io n  c h a r a c t e r i s t i c s  an d  l i n k  m a rg in s  o f  th e  
UHF s a t e l l i t e  c h a n n e l

• [CCIR, 1 9 7 8 -8 2 a ,  b ,  cj [CCIR, 1986-90a]

1 . I n t r o d u c t i o n

S a t e l l i t e  so u n d  b r o a d c a s t i n g  to  p o r t a b l e  an d  m o b ile  r e c e i v e r s  i s  
d i f f e r e n t  i n  s e v e r a l  r e s p e c t s  fro m  i t s  t e r r e s t r i a l  c o u n t e r p a r t .  On th e  o t h e r  
h a n d , t h e r e  a r e  some s i m i l a r i t i e s  w i th  s a t e l l i t e  l a n d - m o b i le  c o m m u n ic a tio n s .

P r e v io u s  s t u d i e s  b y  th e  EBU [CCIR, 1 9 7 8 -8 2 d ] a n d  th e  U n i te d  S t a t e s  
[CCIR, 1 9 7 8 -8 2 e ]  c o n s i d e r e d  s p e c i f i c  e x a m p le s  o f  l i n k  b u d g e ts  an d  l i n k  m a rg in s  
f o r  c e r t a i n  a n g le s  o f  e l e v a t i o n ,  c o n d i t i o n s  o f  r e c e p t i o n  a n d  o t h e r  p a r a m e te r s .  
Two s p e c i f i c  m e th o d s  h a v e  b e e n  s u g g e s te d  an d  v a r i o u s  a s p e c t s  a r e  a n a ly z e d  and  
c o m p ared  i n  s e c t i o n  3 o f  t h i s  a n n e x .

The r e c e n t  e x p e r im e n ts  h a v e  show n s u b s t a n t i a l  a g re e m e n t w i th  t h e  s i g n a l  
p o w er d i s t r i b u t i o n  f u n c t i o n s  f o r  l a r g e  an d  s m a l l  a r e a  ( s e e  s e c t i o n  2 ) .  I n  th e  
l i g h t  o f  t h e  E u ro p e a n  e x p e r im e n ta l  p rogram m e [ J o n g e ja n s  , 1986] s a  new co m p o si te  
p r o p a g a t i o n  m odel i s  p r o p o s e d .  T h is  m odel c o m b in es  b o th  t h e  s m a l l  a r e a  
R ic e /R a y le ig h  p r o b a b i l i t y  f u n c t i o n  a n d  th e  l a r g e  a r e a  lo g - n o r m a l  p r o b a b i l i t y  
d i s t r i b u t i o n .

The d e s ig n  o f  s u i t a b l e  m o d u la t io n  s y s te m s  f o r  t h e  ty p e  o f  b r o a d c a s t i n g  
s e r v i c e  w i l l  r e l y  on  p r o p a g a t io n  s t a t i s t i c s  r e l a t i n g  t o  t i m e - d e l a y  s p r e a d  an d  
c o r r e l a t i o n  b a n d w id th  o f  t h e  t r a n s m i s s i o n  c h a n n e l .  T h e se  c o n c e p t s ,  t o g e t h e r  w i th  
o t h e r  r e l a t e d  t o p i c s ,  h a v e  n o t  b e e n  p r e v i o u s l y  d i s c u s s e d  i n  R e p o r t  9 5 5 ; th e y  a r e  
now p r e s e n t e d  i n  s e c t i o n  4 o f  t h i s  a n n e x , t o g e t h e r  w i th  t h e  r e c e n t  e x p e r im e n ta l  
d a t a .

2 . P r o p a g a t io n  m o d e ls

The p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n s  r e l e v a n t  t o  t h e  r e c e p t i o n  o f  
s a t e l l i t e  s i g n a l s  w e re  fo u n d  to  c o r r e s p o n d  to  a  num ber o f  s t a t i s t i c a l  
d i s t r i b u t i o n  m o d e ls  r e l a t e d  t o  t h e  s p e c i f i c  e n v ir o n m e n t .  T h e se  d i s t r i b u t i o n  
m o d e ls  a r e  g e n e r a l l y  d i f f e r e n t  i n  s o - c a l l e d  " s m a l l  a r e a s "  a n d  " l a r g e  a r e a s " .
The fo rm e r  a r e  u s u a l l y  d e f i n e d  a s  l o c a t i o n s  e x te n d in g  o v e r  a  num ber o f  
w a v e le n g th s  ( f o r  ex am p le  o v e r  40 w a v e le n g th s  r e s u l t i n g  i n  a  d i s t a n c e  o f  a b o u t
10 m ) . The l a t t e r  e x te n d  o v e r  s e v e r a l  s m a l l  a r e a s .

2 .1  L a rg e  a r e a  d i s t r i b u t i o n  f u n c t i o n

On l a r g e  a r e a s ,  i t  h a s  b e e n  fo u n d  e x p e r i m e n t a l l y  [ G u i lb e a u ,  1 979 ; H e ss ,
1 9 8 0 ; L u tz ,  1 9 8 6 , J o n g e ja n s  1 9 8 6 ] , t h a t  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  o f
th e  m ean r e c e i v e d  s i g n a l  pow er t a k e s  t h e  lo g - n o r m a l  fo rm :
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PLN (So J H ^ "  (K M S0 o ) )  exp  

K = 1 0 / ( ; T n l n l 0 )
w h e r e :

So(W ): m ean r e c e i v e d  s i g n a l  p ow er o v e r  a  s m a l l  a r e a ;

S f(W ): m ean r e c e i v e d  s i g n a l  p ow er o v e r  a  l a r g e  a r e a  u n d e r  f r e e  s p a c e
p r o p a g a t i o n  c o n d i t i o n s ;

Lg0 (dB ) = 10 l o g ( S o / S f ,  l e v e l  o f  So r e l a t i v e  t o  f r e e  s p a c e  l e v e l ;  

/i(dB ) = m ean o f  Lg0 o v e r  a  l a r g e  a r e a ;

o (d B ) -  s t a n d a r d  d e v i a t i o n  o f  Lg0 o v e r  a  l a r g e  a r e a .

In  e q u a tio n  ( 1 ) ,  th e  mean v a lu e  and th e  s tan d a rd  d e v ia t io n  a re  b o th  ex p ressed  in  
term s o f  dB, r e l a t i v e  to  th e  f r e e - f i e l d  power le v e l ,  in  o rd e r  to  f a c i l i t a t e  com parison 
betw een th e  th e o r e t i c a l  model and measured d a ta .

The la rg e  a re a  model g iv en  above was ex p e rim en ta lly  v e r i f i e d  and confirm ed by 
[Lutz e t  al, 1986] and [Jongejans et al, 1986]. Using the  same n o ta t io n  as in  e q u a tio n  
( 1 ) ,  che fo llo w in g  param eter v a lu e s  were measured (see Table XVII ) .

TABLE XVII -  Measured large area parameters for various environments

E n v iro n m en t A n ten n a / ^ s h ^ ) * sh (d B ) CF 4 1 o s ( dB) (C/M )l o s (dB)

U rban C3 -1 0 .7 3 .0 0 .6 0 - 1 .8 3 .0
D5 -1 2 .2 4 .4 0 .7 8 - 4 .9 9 .3
S6 -1 2 .9 5 .0 0 .7 9 - 5 .2 1 1 .9

C3 - 9 .3 2 .8 0 .5 9 - 2 .7 9 .9
Woods D5 - 5 .3 1 .3 0 .5 4 - 1 .8 1 0 .7

S6 - 5 .8 1 .1 0 .5 6 - 2 .1 1 2 .9

Highway C3 -7 .7 6 .0 0 .2 5 - 0 .4 1 1 .9
S6 - 7 .0 4 .8 0 .2 3 - 0 .6 1 8 .3

-1 /2 )  ((LSo - r t / »
(1)

where:
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^sh(dB) : ^ in shadowed areas,
P los^) • M in non-shadowed (line-of-sight) areas,

<7s h (d B ) : s ta n d a rd  d e v ia tio n  o f  SQ in  shadowed a reas

CF - : c l u t t e r  f a c to r ,  d e fin e d  as th e  p ro p o rtio n  o f  th e  gjpe  f o r
th e  d i r e c t  p a th  b e in g  o b s tru c te d  assuming a c o n s ta n t v e h ic le  
speed

(C/M)^o s (dB) : r a t i o  o f  d i r e c t  ( c a r r i e r )  s ig n a l  to  th e  d if fu s e  m u ltip a th
power i n  non-shadowed ( l in e - o f - s ig h t )  a rea s

C3 : h em isp h e rica l p a t t e r n ,  3 dBi g a in

D5 : to r o id a l  p a t te r n ,  5 dBi g a in

S6 : to r o id a l  p a t te r n ,  6 dBi ga in

S e v e ra l p o in ts  may b e  deduced from Table XVII;

- The mea s u re d  average  power le v e ls  i n  shadowed a re a s  a re  v e ry  much le s s  th an  th o se  in  
non-shadow ed a re a s  i n  th e  same -environm ents; f o r  example, i n  u rban  zones th e  a d d it io n a l  
a t t e n u a t io n  due to  shadowing may be as  h ig h  a s  9 dB, in  th e  woods 6 .5  dB and on 
highways 7 dB. I t  fo llo w s  th a t  th e  main problem  in  p ro v id in g  a  s e rv ic e  i s  to  overcome 
shadow ing e f f e c t s .

- The in f lu e n c e  o f  th e  ty p e  o f  th e  re c e iv in g  an tenna seems to  be q u ite  s ig n i f ic a n t  
e s p e c ia l ly  on th e  r a t i o  betw een th e  d i r e c t  component and th e  m u ltip a th  power in  th e  
non-shadowed a re a s .

- In urban areas, the shadowing loss is proportional to the antenna gain.
S ta n d a rd  d e v ia t io n , a, and C/M r a t i o  a re  p ro p o r t io n a l  to  th e  an tenna g a in . T his l a s t  
fa c t:m a y  be  s ig n i f i c a n t  i n  th e  d e s ig n  o f  d i g i t a l  m odulation system s f o r  re c e p tio n  in  
u rb an  a r e a s .

In the European experiment simulation of the satellite transmission 
: conditions were created by positioning the transmitting antenna on the Eiffel

tower ’in Paris and measurements were made at a frequency of 839 MHz and for an 
average elevation angle of 25° [Guilbeau, 1979]. From this reference one can 
extract the parameters for equation (1). Table XVIII lists these parameters 
together with the values predicted from US data for the frequency of 839 MHz and 
an elevation angle of 25° . The values of the PROSAT expriment are derived from 
Table II.



TABLE XVIII

U rb an  zo n e

P a r a m e te r s  o f  lo g - n o r m a l  
d i s t r i b u t i o n  f o r  u r b a n  a r e a s

A v erag e O b s t r u c t e d
v i s i b i l i t y

D i r e c t
v i s i b i l i t y

y (dB ) G u i lb e a u - 7 .5 - 1 1 .5 - 0 .7

(USA) - 6 .3 - 1 0 .1 - 2 .6

PROSAT - 6 .3 - 1 0 .7 - 1 .8

<S (dB ) G u i lb e a u 3 .2 2 .9 2 .0

(USA) 3 .7 4 .3 3 .1

PROSAT - . 3 .0 -

From t h i s  t a b l e  i t  c a n  b e  s e e n  t h a t  r e a s o n a b l e  a g re e m e n t  e x i s t s  b e tw e e n  
t h e  t h r e e  e x p e r i m e n t s .

M e a su re m e n ts  made w i t h  t h e  ATS-6 s a t e l l i t e  i n  t h e  U n i t e d  S t a t e s  [H e s s ,  . 
1 9 8 0 ] p r o v id e  v a l u e s  f o r  y a n d  a  f o r  d i f f e r e n t  a r e a s  u n d e r  d i f f e r e n t  r e c e i v i n g  
c o n d i t i o n s .  From  t h e  a b o v e  r e f e r e n c e  a  s im p le  m e th o d  f o r  t h e  a s s e s s m e n t  o f  y an d  
d  c a n  b e  d e r i v e d  a s  f o l l o w s :

fx - -[A + 1.93 f  - 0 .052 (2 )

a  -  1 /2  [B + 0.053 f  + 0.040 5) (3 )

w h e re  t h e  p a r a m e te r s  jj , d , SQ a n d  S f  a r e  d e f i n e d  i n  E q u a t io n  ( 1 ) ,  an d  

f : f r e q u e n c y  (GHz)

6: e l e v a t i o n  a n g le  ( d e g r e e s )

Values for A and B are given in tab le  xix for different receiving conditions. In the Table direct visibility 
indicates instances where the streets in the urban area are running parallel to the satellite azimuth and obstructed 
visibility is on streets running perpendicular to the satellite azimuth combined with the unfavourable side of the 
street.
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TABLE XIX

U rb an  zo n e S u b u r b a n / r u r a l  z o n e

A v e ra g e O b s t r u c t e d
v i s i b i l i t y

D i r e c t
v i s i b i l i t y

A v e ra g e O b s t r u c t e d
v i s i b i l i t y

D i r e c t
v i s i b i l i t y

A (dB) 6 .0 9 .8 2 .3  . 1 .1 5 .1 0 .5

B(dB) 6 .4 7 .6 5 .2 1 .1 2 .4 -

T h ese  v a l u e s  w e re  p a r t i a l l y  d e r i v e d  fro m  [H e s s ,  1980] b y  e x t r a p o l a t i n g  
w i th  t h e  a s s u m p t io n  t h a t  s e n s i t i v i t i e s  w e re  0 .1  d B /p e r c e n t  f o r  r u r a l  an d
0 .2  d B /p e r c e n t  f o r  u r b a n  a r e a s ,  b e lo w  th e  s p e c i f i e d  90% c o v e r a g e  l e v e l .  They 
w e re  c o n f i rm e d  b y  th e  E u ro p e a n  e x p e r im e n ts  [L u tz  a n d  J o n g e ja n s  ,1 9 8 6 1  f o r  u rb a n  a r e a s  
an d  w o o d s. H ow ever, t h i s  m o d e l l in g  d o e s  n o t  seem  t o  b e  a p p r o p r i a t e  f o r  th e  n o n ­
sh ad o w ed  h ig h w a y s .

2 . 2 S m a ll a r e a  d i s t r i b u t i o n  f u n c t i o n s

The r e c e n t  E u ro p e a n  [J o n g e a n s * 1986] an d  U n i te d  S t a t e s '  d a t a  i n d i c a t e  
t h a t  t h e  s m a l l  a r e a  b e h a v io u r  o f  th e  r e c e i v e d  s i g n a l  c a n  b e  m o d e l le d  b y  a  R ic ia n  
d i s t r i b u t i o n  ( c o n s t a n t  v e c t o r  p lu s  R a y le ig h  d i s t r i b u t e d  v e c t o r s ) .

I f  the r a t io  o f  d ire c t  s ig n a l power C to  the d iffu se  m ultipath  s ig n a l 
power M is  denoted as C/M, the  envelope p ro b a b ility  d is tr ib u tio n  in  an  iso la te d  
sm all a rea  i s  given by equation (4):

p(r) -(r/M)(exp (-r2/2M - C/M) . IG [r f  2C/M] (4)

The p a r a m e te r  C/M i s  im p o r ta n t  a s  a  m e a su re  o f  f a d i n g  c h a r a c t e r i s t i c s  
o f  t h e  c h a n n e l .  I f  C/M i s  h ig h ,  th e  e n v e lo p e  p r o b a b i l i t y  d i s t r i b u t i o n  p ( r )  
a p p ro a c h e s  a  G a u s s ia n  d i s t r i b u t i o n  w i th  mean JlC an d  s t a n d a r d  d e v i a t i o n  I f
C/M i s  low , p ( r )  a p p ro a c h e s  a  R a y le ig h  d i s t r i b u t i o n  s i n c e :  t h e  m o d i f ie d  B e s s e l  
f u n c t i o n  o f  f i r s t  k in d  z e r o  o r d e r

IoCz> -  } z 2n/22n (n , )2 _  x + z 2/ u  + _
n -o

a p p ro a c h e s  1 a s  z a p p ro a c h e s  0 .
.2

The c o r r e s p o n d in g  p r o b a b i l i t y  d e n s i t y  o f  y  = —  i s  g iv e n  b y :
r2

PR(y) -  (C/M + 1) exp  [-y(C/M + 1) - C/M] • I G [2/y(l + C/M)C/M] (5)

w here:

y - r2/r2 = r2/s o

* The tim e in te r v a l s  w ith  r e c e iv e d  power le v e l  below a c e r t a in  th re s h o ld  are c a l le d  
f a d e s .
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The le v e l  c ro s s in g  r a r e  (LO.) a t  th e  le v e l  V i s  g iven  by  e q u a tio n  ( 6 ) :  
b

LCR -    PR (V) (6)
J2ir

where pp(V) i s  th e  en v e lo p e  o f  th e  R ice p r o b a b i l i ty  d e n s ity  fu n c tio n  a t  th e  v a lu e  V, and b 
i s  th e  fu n c t io n  o f  m agnitude and th e  frequency  c o n te n t o f  th e  m u ltip a th  r e f le c t io n s :

b — 2 ?r ^ . M, where B,j is  a Doppler spread.

E quation  (6) shows t h a t  th e  le v e l  c ro s s in g  r a t e  and p r o b a b i l i ty  d e n s ity  fu n c tio n  
a re  c lo s e ly  l in k e d . T h e re fo re ,  th e  param eter C/M o f  p&(y) can  be determ ined through th e  
m easurem ent o f  LCR.

The a v e r a g e  f a d e  d u r a t i o n  (AFD) a t  t h e  l e v e l  V i s  g iv e n  b y :

V ’
AFD -  (1/LCR) /  pR( r )  d r  (7)

o

AFD i s  a n  im p o r t a n t  f a c t o r  i n  d e s i g n i n g  a  d i g i t a l  t r a n s m i s s i o n  s y s te m  
w h ic h  s h o u ld  b e  d e s ig n e d  i n  s u c h  a  way t h a t  i t  o v e rc o m e s  lo n g  f a d e s  u s i n g  a  
co m p lex  i n t e r l e a v i n g  s y s te m .

The validity of the Rice model has been demonstrated by the 
PROSAT experiment on the basis of a composite log-normal -Rice mode 
(see §2.3). - '

Some typical average values of C/M for non-obstructed visibility 
are given in Table XVII (see §2.1). Since C/M is the only parameter PR(y) 
given by equation ( 5 ) ,  the Rice probability function PR(y)- is fully 
characterized if C/M is known.

In / Jongejans, 1986/ some typical values of LCR and AFD at mean 
envelope level are given for”vehicle speed 30 km/h. They are reproduced in 
Table XX below: -

TABLE XX - The LCR and AFD values in different environments

LCR (Hz) AFD (ms)

Open a r e a 30 20
S uburban 14 40
R u ra l 16 33
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European re se a rc h e s  [Jongejans, eC a l ,  1986] and [L u tz , 1986] concluded th a t  th e  
p r o b a b i l i ty  d e n s ity  fu n c tio n  o f th e  re c e iv e d  power should  combine log-norm al and Rice 
(R ay le ig h ) d i s t r i b u t i o n • in  o rder to  take  account o f  b o th  la rg e -a r e a  v a r ia t io n s  and sm all- 
a re a  v a r i a t i o n s .  The d i s t r ib u t io n  o f  in s tan tan eo u s  v a lu e s  i n  a sm all a re a  i s  o b ta in ed  by 
c o n s id e r in g  a R ice o r  R ayleigh  v a r ia b le  whose mean va lu e  i s  i t s e l f  a random v a r ia b le  
h av in g  a log-norm al d i s t r ib u t io n .  The combined d i s t r ib u t io n  of the received power S may be 
described as shown in  equation (8)!

P(S) = CF [  Pr(S,So) Pln(So) dSo +(1-CF) f * P R( S , S o ) Pl2̂ So)dSo (8)
J o  J  s .

where:

SQ : average received signal power over snail area (SQ = C + M)

p(S) : combined d i s t r ib u t io n  d e n s ity  fu n c tio n  o f  th e  in s tan tan eo u s  re c e iv e d
power i n  a sm all a re a

Pr (S,So): Rayleigh distribution over obstructed (shadowed) small areas 

-PLN (So): distribution of mean power of small areas distributed over a large area 

S m : maximum obstructed power over a large area concerned 

P r  (S ,So): Rice distribution over nobstmcted (renshadowed) small areas 

Sm  : Maximum line of slight power over a large area concerned
CF : c l u t t e r  f a c to r ,  d e fin e d  as th e  p ro p o r tio n  o f  th e  tim e fo r  th e  d i r e c t

p a th  b e in g  o b s tru c te d  assuming a  c o n s ta n t v e h ic le  speed .

' F ig u re s  5 a )  and 5 b ) show complementary cum ulative p r o b a b i l i ty  d i s t r i b u t io n  fu n c tio n s  
o f  th e  no rm alized  re c e iv e d  power on highway and in  c i t y  environm ents [ lu tz  e t  al, 1986]. 
The two f ig u re s  a re  p lo t t e d  on a Rayleigh sc a le . The f u l l  l i n e s  r e p re s e n t  th e  th e o r e t i c a l  
c h an n e l model. S t a t i s t i c s  o f  th e  reco rd ed  channel o b ta in ed  by th e  measurements a re  
d e s ig n a te d  a s  d o ts .

Three p a r t s  o f  th e  curves can  be d is tin g u is h e d . A t low v a lu e s  o f  th e  re c e iv e d  
pow er, th e  curve s lo p e  approxim ates th e  s lo p e  o f th e  s t r a i g h t  d iag o n a l l in e  w hich 
co rresp o n d s to  a R ay le igh  d is t r ib u t io n ;  th u s  t h i s  p a r t  o f  th e  cu rve has c le a r ly  R ayleigh 
c h a r a c t e r i s t i c s .  At h ig h  va lu es  o f  re c e iv e d  power, th e  s lo p e  o f  th e  cu rve in d ic a te s  a  
R ic e  d i s t r i b u t i o n ;  on h ig h w a y s ,  t h e  R ic e  la w  i s  f o l lo w e d  i n  Q0% o f  s m a l l  a r e a s  
w hereas in  c i t y  environm ents i t  a p p l ie s  in  20% o f  sm all a r e a s .  The c e n t r a l  p a r t  o f  th e ' 
cu rv es  fo llo w s a  log-norm al law.

S im ila r  r e s u l t s  have been o b ta in e d  [Jongejans et al, 1986], They a l l  dem onstra te  
v e ty ;g o o d  com pliance betw een th e  th e o r e t i c a l  models and th e  m easuring r e s u l t s .

2.3 The combined propagation model
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N o rm a liz e d  pow er l e v e l  (dB) N o rm a lized  pow er le v e l  CdB)

«)

FIGURE 5 -  Complementary cumulative probability distribution function of received power

[ L u tz ,  19 8 6 ]
\

a: Highway, antenna S6 -
b : C ity , antenna S6 '

3. Link margins

For a satellite sound-broadcasting system, the link margins must be carefully specified -  they should be 
neither optimistic nor pessimistic. An optimistic estimate will result in the service quality objective not being met, 
whereas a pessimistic estimate will needlessly result in the over-design of the satellite. Both of these extremes have 
substantial cost implications.

Two s p e c i f i c  m e th o d s  f o r  t h e  c a l c u l a t i o n  o f  t h e  r e q u i r e d  m a rg in s  n e e d e d  
t o  p r o v id e  a  g iv e n  q u a l i t y  o f  s e r v i c e  a r e  i n d i c a t e d  b e lo w :

3.1 Method 1

Method 1 requires that in a small area the received signal envelope must be above the receiver threshold 
with probability 0.9:

P{r > R0) -  0.9 -  j pir ) d r  (9)
R,

where

Ro is the receiver threshold and pir )  is given by equation (1*1.
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I t  i s  a l s o  r e q u i r e d  t h a t  t h i s  c o n d i t i o n  b e  m et o v e r  a  l a r g e r  a r e a  w i th  
p r o b a b i l i t y  0 . 9 .  I n v o k in g  th e  l a r g e  a r e a  p r o b a b i l i t y  d i s t r i b u t i o n  g iv e n  i n  
e q u a t i o n  ( 1 ) :

P (S 0 >  S0 ) -  0 .9  -  / p ( S 0 )d S 0 (1 0 )
3“o

*  E° 2W here S0 -  ---------- + a r 2 , w h ic h  s a t i s f i e s  e q u a t i o n  ( 9 ) .
2

E q u a t io n  ( 9 ) ,  c o n d i t i o n e d  b y  e q u a t i o n  (1 0 )  c a n  b e  s o lv e d  n u m e r i c a l l y  u s in g  
M arcu m 's  Q f u c t i o n s  [B re n n a n  an d  R eed , 1965] o r  b y  u s i n g  th e  t a b l e s  s u p p l i e d  b y  
[ N o r t io n  e t  a l . , 1 9 5 5 ] .  B o th e  m e th o d s  w e re  u s e d  i n  c a l c u l a t i o n  a s  a  c r o s s  c h e c k  
on  e a c h  o t h e r .  E q u a t io n s  (9 )  a n d  (1 0 )  w e re  s o lv e d  t o  s a t i s f y  t h e  g iv e n
p r o b a b i l i t i e s  i n  te rm s  o f  G -  n + 1 0  lo g  (2  St/RQZ) w h ic h  i s  t h e  d i f f e r e n c e
b e tw e e n  th e  l a r g e  a r e a  m ean r e c e i v e d  p ow er a n d  th e  r e c e i v e r  t h r e s h o l d .  T o t a l
l i n k  m a rg in  i s  g iv e n  b y  L -  G — y. ( i n  dB) .

T a b le  XXI show s th e  r e s u l t s  o f  t h e  a b o v e  c a l c u l a t i o n  f o r  t h e  f r e q u e n c y  o f  1 
GHz a n d  a n  e l e v a t i o n  o f  3 0 ° .

TABLE XXI

U rb an  zo n e R u r a l  z o n e

a (dB ) 3 .8 1 .2
H <dB) - 6 . 4 - 1 . 5
G (dB ) 1 5 .4 6 .1
L (dB) 2 1 .8 7 .6

I t  s h o u ld  b e  n o t e d  t h a t  th e  v a l u e s  u s e d  f o r  a a n d  /i a r e  a v e r a g e  v a l u e s  a n d  
a r e  n o t  th o s e  a p p l i c a b l e  t o  t h e  o b s t r u c t e d  v i s i b i l i t y  c a s e .

The calculated margin of 21.8 dB for the urban area compares with the observed margin of 24.2 dB 
(translated to 1 GHz) in urban Denver of the United States [Hess, 1980]. %

It is pointed out that the computed margin depends on the required service quality and coverage. In this 
example it was assumed that the required service quality was achieved when the signal was above threshold with 
probability 0.90, and that this condition was to be met with probability 0.90 over the coverage area. Other 
requirements will lead to different margins.

3.2 Method 2

Method 2 requires that the received signal envelope in a given area must be above the receiver threshold 
(Ro) with probability 0.9. This leads to:

P ( r ^ R o )  - 0 . 9  -  /  f  p ( r ) p ( S 0 ) d r  dS0 (1 1 )
0 Re

This integral is evaluated numerically using Marcum’s Q  functions in steps of G — 10 logio (2So/Ro2)-
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R esults a re  shown in T a b le  X X II, a g a in  f o r  th e  f r e q u e n c y  o f  1 GHz a n d  e l e v a t i o n  
a n g le  o f  3 0 ° .

TABLE XXII

Urban zone Rural zone

a  (dB) 3 . 8 1 . 2

U (dB) - 6 . 4 - 1 . 5

G (dB) 12.0 4.4
L  (dB) 18.4 5.9

These calculated values may be compared with measured values. Measurements were made so as to 
determine the margin as a function of the percentage of locations [ G u i lb e a u ,  1979  "[•

4. Frequency selectivity effects

A n o th e r  im p o r t a n t  c h a r a c t e r i s t i c  o f  UHF r a d i o  p r o p a g a t i o n  c h a n n e l  i n  u r b a n  an d  
su b u rb a n  m o b ile  r a d io  e n v iro n m en t l s  th e  e x i s t e n c e  o f  m u l t i p l e  p ro p a g a t io n  p a th s  
w ith  d i f f e r e n t  and  v a ry in g  tim e d e la y s .  In  th e  c a s e  o f  sound  s a t e l l i t e  
b r o a d c a s t in g ,  th e  s h o r t e s t  ( d i r e c t )  p a th  b e tv e e n  th e  s a t e l l i t e  and th e  p o r t a b l e  
r e c e i v e r  i s  o f t e n  b lo c k e d  by in te r v e n in g  b u i l d i n g s ,  so t h a t  p ro p a g a t io n  by way o f  
s c a t t e r  o r  r e f l e c t i o n  from  b u i ld in g s  a ro u n d  th e  r e c e i v e r  l s  s i g n i f i c a n t .  Two 
c a s e s  s h o u ld  be c o n s id e r e d :

-  a  s t a t i o n a r y  r e c e i v e r ;  i n  t h i s  c a s e ,  th e  r a d io  c h a n n e l ,  and  th u s  th e  p ro p a g a t io n  
s t a t i s t i c s  o f  th e  l i n k ,  l s  r e l a t i v e l y  s t a b l e .  The m u l t i p a th  p r o p a g a t io n  
c h a r a c t e r i s t i c s  can  be d e s c r ib e d  in  te rm s  o f  th e  m u l t ip a th  s p re a d  and- c o r r e l a t i o n  
b a n d w id th .

-  a  m oving r e c e i v e r ,  th e  p ro p a g a t io n  s t a t i s t i c s  o f  th e  r a d io  l i n k  l s  a t im e -  
v a r y in g  f u n c t i o n .  D i f f e r e n t  D o p p le r s h i f t s  a r e  a s s o c i a t e d  w i th  s c a t t e r  p a th s  
a r r i v i n g  a t  th e  v e h ic l e  r e c e iv e r  from  d i f f e r e n t  a n g le s .  I n  t h i s  c o n te x t ,  th e  
key te rm s a r e  th e  D o p p ler sp re a d  and c o r r e l a t i o n  t i m e .

The s t a t i s t i c a l  f u n c t io n s  w hich d e s c r ib e  th e  f re q u e n c y  and  tim e  s e l e c t i v e  
r a d io  l i n k  can  be r e a d i l y  o b ta in e d  by m e a su rin g  th e  com plex b a n d p a ss  im p u lse  
re s p o n s e  o f  th e  l i n k .  T hese s t a t i s t i c a l  d e s c r i p t o r s  and  p a ra m e te r  v a lu e s  s e t  
bounds on d i g i t a l  com m unication  sy s tem  p e rfo rm a n c e  p a r a m e te r s .
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C o n s id e r  a  s t a t i s t i c a l l y  s t a t i o n a r y  c h a n n e l  f i r s t .  Two s p e c t r a l  com ponents o f 
a m o d u la te d  s i g n a l  w hich a r e  c lo s e  in  f re q u e n c y  w i l l  fa d e  in  a c o r r e l a t e d  way, 
i i e .  th e  two s e t s  o f  p h a s o rs  r e s u l t i n g  from  a g iv e n  m u l t ip a th  en v iro n m en t w i l l  be 
s i m i l a r  in  a m p li tu d e  and p h a se . As th e  f re q u e n c y  s e p a r a t i o n  betw een  th e  two
s p e c t r a l  com ponen ts i n c r e a s e s ,  th e  c o r r e l a t i o n  b e tw een  th e  two s e t s  o f  p h a s o rs  
r e d u c e s ,  r e s u l t i n g  in  a m p litu d e  v a r i a t i o n s  ( d e c o r r e l a t i o n )  a s  a  f u n c t io n  o f 
f r e q u e n c y . T h is  i s  known a s  f re q u e n c y  s e l e c t i v e  f a d in g .  The b an d w id th  a t  w hich 
d e c o r r e l a t i o n  o c c u rs  i s  te rm ed  th e  c o r r e l a t i o n  b a n d w id th .

The d e la y  pow er sp e c tru m  ( a l s o  te rm ed  a s  th e  m u l t ip a th  i n t e n s i t y  p r o f i l e )  and 
s p a c e d - f re q u e n c y  c o r r e l a t i o n  f u n c t io n  c o n s t i t u t e  a F o u r ie r  t r a n s fo rm  p a i r  
( F i g u r e  6 ) .

4.11 Delay spread and correlation bandwidth

As a r e s u l t  o f  th e  F o u r ie r  t r a n s f o r m , t h e r e  i s  a  r e l a t i o n s h i p  b e tw een  
c o r r e l a t i o n  b an d w id th  o f  th e  s t a t i s t i c a l l y  s t a t i o n a r y  c h a n n e l  and  o f  th e  " d e la y  

s p re a d "  o f  th e  c h a n n e l:

V 1/To (12)

w here ®c i s  a  c o r r e l a t i o n  b a n d w id th  (H z ) ,  an d  

Tq i s  a d e la y  s p re a d  (s )

correlation function

FIGURE 6 -  R e l a t i o n s h i p  b e tw e e n  Tc and

The d e la y  s p re a d  ^o  o f  th e  c h a n n e l i s  a  m easu re  o f  th e  w id th  o f  an  a v e ra g e  
power d e la y  p r o f i l e .  T t  i s  d e f in e d  a s  th e  sq u a re  r o o t  o f  th e  seco n d  c e n t r a l  
moment o f  a  p r o f i l e  m [  C ox, D .C . >1972 J .

M
2  <T -  D )J P (T k ) 

k“ l

M

£  P(Vk -1

1 / 2

(13)
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where
k ranges over Che delay axis and M is the Index of the last sample 
along the delay axis
an average power delay profile for a set of N consecutive 
Individual profiles
average excess delay. It ls defined as the first moment of the 
profile with respect to the first arrival delay t :̂

(14)

I f  t h e  c o r r e l a t i o n  b a n d w id th  i s  s m a l l  i n  c o m p a r is o n  t o  t h e  b a n d w id th  o f  
t h e  t r a n s m i t t e d  s i g n a l ,  t h e  c h a n n e l  i s  f r e q u e n c y - s e l e c t i v e . I n  t h i s  c a s e ,  t h e  
s i g n a l  i s  s e v e r e l y  d i s t o r t e d  b y  th e  c h a n n e l .  On th e  o t h e r  h a n d ,  i f  t h e  
c o r r e l a t i o n  b a n d w id th  i s  l a r g e  i n  c o m p a r is o n  to  t h e  b a n d w id th  o f  t h e  t r a n s m i t t e d  
s i g n a l ,  t h e  c h a n n e l  i s  f r e q u e n c y  n o n - s e l e c t i v e .

I n  o r d e r  t o  o v erco m e t h e  s e l e c t i v i t y  o f  th e  c h a n n e l  w h ic h  may c a u s e  
in te r s y m b o l  i n t e r f e r e n c e ,  th e  d e la y  s p r e a d  T0 m u st b e  much l e s s  t h a n  th e  sym bol 
p e r i o d  Tg o r ,  i n  o t h e r  w o rd s , t h e  d e l a y - s p r e a d  to  s y m b o l - p e r io d  r a t i o ,  i . e .
Tr  = T0/ T s ,  s h o u ld  b e  much l e s s  t h a n  1 .

The e m p i r i c a l  r e l a t i o n s h i p  b e tw e e n  th e  c o r r e l a t i o n  b a n d w id th  a t  90% 
c o r r e l a t i o n  a n d  th e  d e l a y  s p r e a d  ( s e e  F ig u r e  7 )  was o b t a i n e d  fro m  [Cox, L e e k , 
197 5 ]:

Bc (90%) = 9 0 /T o ,

w h ere

Bc (90%) i s  t h e  c o r r e l a t i o n  b a n d w id th  a t  90% c o r r e l a t i o n  b e tw e e n  two 
s p e c t r a l  c o m p o n en ts  ( i n  kH z) an d

T0 i s  t h e  d e la y  s p r e a d  ( i n  ^ is ) .

M

Ik-1
D -

M
I  P(*k) k-1 K

_  T

k - 1 M
P(Tk )
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F ig u r e

D e la y  s p r e a d ,  TQ (p s )

FIGURE 7 “ Correlation bandwidth at 90% correlation versus delay spread
[Cox and Leek, 1975]

The c o r r e s p o n d in g  c u m u la t iv e  d i s t r i b u t i o n  o f  d e l a y  s p r e a d s  i s  show n i n  
8 b e lo w :

TJ
(U
CXW
>*ctr—4
0)
Q

. 6  -

.4

.3

t  i n — pv̂ - 
95 99. 0 1 2 5 10 20 AO 60 80

P e r c e n t  o f  l o c a t i o n s  w h e re  T0 < o r d i n a t e

FIGURE 8 - Cumulative distribution of delay spread
[Cox and Leek, 1975]
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I t  c a n  b e  d e d u c e d  fro m  th e  a b o v e  f i g u r e  t h a t  a b o u t  10 p e r c e n t  o f  s m a l l  
a r e a s  h a v e  T0 > 2.5 pis a n d  a b o u t  50% h a v e  T0 > 1 .2  p is.

The c o r r e s p o n d in g  c u m u la t iv e  d i s t r i b u t i o n  f o r  B(9Q%) i s  d e p i c t e d  on  
F ig u r e  9 b e lo w :

P e r c e n t  o f  l o c a t i o n s  w h ere  B (90%) < o r d i n a t e

FIGURE 9 - Cumulative distribution of correlation 
bandwidth at 90% correlation

[Cox and Leek, 197 5j

D e la y  s p r e a d s  h a v e  b e e n  m e a su re d  i n  r e s i d e n t i a l  l o c a t i o n s  a n d  i n  a  
m edium  s i z e d  o f f i c e  b u i l d i n g  [D e v a s irv a th a m , 1 9 8 6 ] .  The w o rs e  c a s e  d e l a y  s p r e a d s  
o f  l e s s  th a n  325 n s  w e re  o b t a in e d  w hen th e  p r o p a g a t i o n  p a t h  f o l lo w e d  l i n e - o f -  
s i g h t .  When t h e r e  w as no l i n e - o f - s i g h t  b e tw e e n  t r a n s m i t t e r  a n d  r e c e i v e r ,  t h e  
d e l a y  s p r e a d  i n c r e a s e d  up  t o  422 n s .

D o p p le r  s p r e a d  a n d  c o r r e l a t i o n  tim e

I n  t h e  c a s e  o f  a  m ov ing  r e c e i v e r ,  t h e  t im e  v a r i a t i o n s  o f  t h e  
p r o p a g a t i o n  l i n k  r e s u l t  i n  a  D o p p le r  b r o a d e n in g  o f  t h e  r e c e i v e d  s p e c t r u m . I f  a  
p u r e  f r e q u e n c y  to n e  i s  t r a n s m i t t e d ,  a  D o p p le r  s p r e a d  B^ o f  t h e  c h a n n e l  c a n  b e  
m e a s u re d .

A n a la g o u s  t o  o u r  c o n s i d e r a t i o n  i n  t h e  p r e v i o u s  s e c t i o n ,  a  m e a s u re  o f  
th e  c o r r e l a t i o n  t im e  Tc o f  t h e  c h a n n e l  c o u ld  b e  d e f i n e d :

Tc = 1 /B d

w h e re  Tc d e n o te s  t h e  c o r r e l a t i o n  t im e  ( s ) , an d

(16)

B^ d e n o te s  t h e  D o p p le r  s p r e a d  ( H z ) .
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A s lo w ly  c h a n g in g  c h a n n e l  h a s  a  l a r g e  c o r r e l a t i o n  t im e  a n d  a  s m a l l  
D o p p le r  s p r e a d .  F ig u r e  10 show s t h a t  t h e  D o p p le r  pow er s p e c tru m  an d  th e  s p a c e d -  
t im e  c o r r e l a t i o n  f u n c t i o n  c o n s t i t u t e  a  F o u r i e r  t r a n s f o r m  p a i r .

Tc ~  i/Bd Bd

Spacad-tla* Doppler power specti
correlation function

FIGURE 10 - Relationship between Ba and Tn

Fig. 11 shows the averaged signal envelope spectrum obtained during a time 
period of approximately 1 minute in a suburban area (residential with trees). A 
distinct frequency cut-off at around 110 Hz is visible in this figure and this
value is twice the Doppler frequency f̂  given by [  Jongejans, 1986 J :

f, - v/x - 55 Hz for v - AO ka/h and
f - 1.5 GHz 
E - 27*

This is an indication that in urban environments frequency-spreading of up to 
twice the Doppler frequency can be expected due to scattering from surround ng 
^obstacles. Thus the Doppler spread equals to 110 Hz.
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r r t q u to c y  I s

FIGURE 11 - Spectrum of signal envelope (suburban area);
vehicle speed: Uo km/h frequency: 1.3 GHz 

[ Jongejans, 1986]
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ANNEX I I I

Summary d e s c r i p t i o n  o f  a d v a n c e d  d i g i t a l  s y s te m  I  

ZTCCIR, 1 9 8 6 -9 0 a  J

1. I n t r o d u c t i o n

T h is  an n e x  p r e s e n t s  a  f l e x i b l e  c o n c e p t  f o r  t h e  im p le m e n ta t io n  o f  a  s a t e l l i t e  
so u n d  b r o a d c a s t i n g  s y s te m  t o  s e r v e  p o r t a b l e  an d  v e h i c u l a r  r e c e i v e r s .  The c o n c e p t
is based on the selective use of advanced digital techniques such as convolutional coding, spatial diversity, and Viterbi maximum likelihood decoding. The unique characteristic of this design concept is that varying levels of complexity of the-advanced digital technologies are incorporated into different types of receivers only as they may be required by the intended operating environment of the receiver {Miller, 1987]. Thus, to achieve approximately the same overall level of performance, the simplest type of portable receiver operating in high signal-level areas requires only a simple decoder while a vehicular receiver operating in heavily shadowed, rural areas with Rayleigh fading requires quad-spatial' diversity, with maximal ratio combining and Viterbi decoding added to 
provide a very high-quality (Q=4.5), monophonic, sound program channel.
2 . Sound c o d in g  an d  m o d u la t io n

The s i g n i f i c a n t  c h a r a c t e r i s t i c s  o f  t h e  a d v a n c e d  d i g i t a l  s a t e l l i t e  so u n d  
b r o a d c a s t i n g  s y s te m  a r e  g iv e n  in  Table x x i l . l t  i s  a  m o n ophon ic  o r  s t e r e o p h o n i c  so u n d  
b r o a d c a s t i n g  s y s te m  u s in g  a d a p t i v e  d e l t a  m o d u la t io n  w i th  a dy n am ic  r a n g e  o f  
85 dB an d  a  s a m p lin g  r a t e  o f  20A k s p / s  o r  A8 k s p / s  ( k i l o  s a m p le s  p e r  s e c o n d )  
r e s p e c t i v e l y  t o  p r o v id e  a  m e a su re d  i n s t a n t a n e o u s  s i g n a l - t o - n o i s e  r a t i o  o f  a t  l e a s t  
58 dB i n  a  15 kHz b a s e b a n d  b a n d w id th . S u b j e c t i v e l y ,  a t  a  b i t  e r r o r  r a t i o  (BER) o f  
l e s s  th a n  1 0"^  t h i s  c o r r e s p o n d s  t o  an  im p a irm e n t r a t i n g  g r e a t e r  t h a n  A .5 ( s e e  
R e p o r t  6 3 2 - 3 ) .

An R - l /2 ,  K=7 co n v o lu tio n a l code i s  used  f o r  forw ard  e r r o r  c o r re c tio n  in  
c o n ju n c tio n  w ith  QPSK (A-PSK) and coheren t d e te c t io n  w ith  3 b i t  q u a n tiz a t io n  a t  the  
r e c e iv e r .  Sym m etrical phase s h i f t  keying i s  assumed.
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TABLE XXIII- Significant characteristi

S/N o b je c tiv e  (dB)
Baseband bandw idth (kHz)
Sound encoding method (k sp /s )
Forward e r r o r  c o r re c t io n  
M odulation method 
RF bandw idth (kHz)
Demodulation method 
Demodulator q u a n tiz a t io n  ( b i t s )  
I n te r le a v e r /d e - in te r le a v e r  

N
M (symbols)

Decoder

Nominal BER o b je c tiv e

:s of example advanced digital system I

58
15
ADM, 204
C onvolu tional code, R — 1 /2 , K = 7
QPSK
400
Coherent
3

31 .
16 384
Maximum lik e lih o o d , V i te r b i  decoder w ith  

s o f t  d e c is io n s  
10-5

The com bination o f  QPSK w ith  co h eren t d e te c t io n , and th e  use o f  
in te r le a v e d /d e - in te r le a v e d  co n v o lu tio n a l forw ard e r r o r  c o r r e c t io n  coding and 
V ite rb i  maxi mum l ik e lih o o d  decoding re q u ire s  an  E^/N0 o f  3 .8  dB f o r  an a d d i t iv e  
w h ite  G aussian n o ise  channel (AWGN) (a p p lic a b le  to  p o r ta b le  re c e p tio n )  and an E^/N0 
o f  7 .4  dB fo r  a  memoryless R ayleigh fad in g  channel (a p p lic a b le  to  v e h ic u la r  
r e c e p t io n ) . The use  o f  th e se  techn iques p ro v id es  a coding g a in  in  excess o f  37 dB 
a t  a  BER o f  10"5 when compared to  uncoded tran sm iss io n s  over th e  R ayleigh  fad in g  
channel.

The perform ance g iven  above f o r  forw ard e r r o r  c o r re c t io n  tech n iq u es  on 
th e  R ayleigh fa d in g  channel i s  based  on th e  assum ption th a t  th e  re c e iv e d  symbols 
undergo independent fad in g . That i s ,  th e re  i s  no c o r r e la t io n  o f  th e  re c e iv e d  
s ig n a l  energy from one symbol to  th e  n e x t. One way to  ensu re  th a t  a d ja c e n t symbols 
a re  u n c o rre la te d  i s  to  use  an  in te r le a v e r /d e - in te r le a v e r  p a i r .  T his tech n iq u e  i s  
e f f e c t iv e  f o r  a  v e h ic le  v e lo c i ty  g r e a te r  th a n  a  designed  minimum v a lu e  (10 m/s fo r  
th e  example sy s tem ). A nother p o s s ib le  way to  m itig a te  th e  e f f e c t s  o f  deep fad es on 
a d ja c e n t symbols i s  to  u se  s p a t i a l  d iv e r s i ty  on th e  v e h ic le  (two o r  more an tennas) 
to  p ro v id e  s e rv ic e  c o n tin u ity  when th e  v e h ic le  i s  stopped  [M ille r , 1987], s e e  a l s o  
s e c t i o n  3 .

A convolutional interleaver shown in Figure]^ has been chosen for the satellite sound broadcasting application. Synchronization of the de-interleaver is accomplished using a technique proposed by [  Viterbi, et al. 1979 J and described in
[C lark  and C ain, 1981]. R e fe rr in g  to  F ig . 1 2 ,  a synchronization sequence is  added 
modulo 2 to  th e  coded symbols a t  th e  in te r le a v e r  in p u t and removed modulo 2 by a 
lo c a l  e s tim a te  o f  th e  sequence a t  th e  o u tp u t o f  th e  d e - in te r le a v e r .  When th e  
d e - in te r le a v e r  i s  n o t synchronized w ith  th e  in te r le a v e r ,  th e  sy n ch ro n iz a tio n  
sequence i s  n o t  removed from th e  in p u t to  th e  decoder. T his r e s u l t s  in  a  BER o f
0 .5  a t  th e  in p u t to  th e  decoder. T his c o n d itio n  i s  e a s i ly  d e te c te d  by th e  decoder 
and th e  lo c a l  e s tim a te  o f  th e  sync sequence i s  increm ented by  one symbol d u ra tio n . 
T his new e s tim a te  i s  t e s te d  and i f  th e  BER i s  s ig n i f ic a n t ly  le s s  th a n  0 .5 , 
sy n ch ro n iza tio n  o f  th e  d e - in te r le a v e r  o ccu rs .
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The use o f  th e  synch ron iz ing  sequence has two o th e r  advan tages:

- i t  ensu res a  minimum d e n s ity  o f  t r a n s i t io n s  in  th e  tra n s m itte d  sequence which
improves c a r r i e r  tra c k in g  and symbol sy n ch ro n iza tio n  a t  th e  r e c e iv e r ,  and

- i t  sp reads th e  tra n s m itte d  power s p e c t r a l  d e n s ity  and w i l l  thu s f a c i l i t a t e
s h a r in g  between th e  b r o a d c a s t in g - s a te l l i t e  s e rv ic e  (sound) and t e r r e s t r i a l  
s e r v ic e s .

3 . S p a t i a l  d i v e r s i t y

Spatial diversity is based on the use of multiple antennas. The antennas must be spaced sufficiently far apart so that the received signals at each antenna fade independently. For a terrestrial mobile system, the required spacing is on the order of one-half wavelength or greater [Lee, 1982]. Comparable spacings are required for space-to-earth paths [Hess, 1980].
The probability of error on a Rayleigh fading, convolutionally coded link that is received with an Mth-order spatial diversity, maximal-ratio combiner receiver and a Viterbi decoder has been evaluated [Miller, 1987]. Table XXIV gives the results of BER calculations for 3rd and 4th order diversity with maximal ratio combining. It is seen that 4th order diversity with a mean bit-energy-to-noise density per branch of about7.4 dB achieves a BER=10~ .

TABLE XXIV - Probability of error for R=l/2, K-7 convolutional code 
with Mth spatial diversity and maximal ratio combining 

(Eb/No corresponds to the mean bit-energy-to-noise density per antenna)

Eb/No(dB)
Pe

(M=3) (M=4)
2.0 7.82IE-03 1.234E-033 . 0 4.295E—03 5.382E-04
4.0 2.318E-03 2.307E-04
5.0 1.232E-03 9.744E-056.0 6.478E-04 4.068E-057.0 3.373E-04 1.682E-058.0 1.743E-04 6.904E-06
9.0 8.948E-05 2.816E-06

10.0 4.572E-05 1.143E-0611. 0 2.327E-05 4.621E-07
12.0 1.18IE-05 1.863E-07
13.0 5.976E-06 7.488E-08
14 . 0 3.018E-06 3.004E-08
15.0 1.522E-06 1.203E-08
16.0 7.667E-07 4.814E-09
17. 0 3.857E-07 1.924E-09
18.0 1.939E-07 7.684E-10
19.0 9.744E-08 3.067E-10
20. 0 4.893E-08 1.223E-10
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FIGURE 12 - Shift register implementation of the convolutional 
interleaver/de-interleaver
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ANNEX IV

SUMMARY DESCRIPTION OF ADVANCED DIGITAL SYSTEM I I  

[CCIR, 1 9 8 6 -9 0 a , b ,  c]

1 . I n t r o d u c t i o n

The p u rp o s e  o f  t h i s  a n n e x  i s  to  d e s c r i b e  a  new so u n d  r a d i o  b r o a d c a s t i n g  
s y s te m  s p e c i f i c a l l y  a d a p te d  to  c h a n n e ls  im p a ir e d  b y  m u l t i p a t h  d i s t o r t i o n .  The 
g e n e r a l  p h i lo s o p h y  c o n s i s t s  i n  b r e a k in g  down th e  i n f o r m a t io n  to  b e  t r a n s m i t t e d  
i n t o  a  l a r g e  num ber o f  low  b i t  r a t e  e le m e n ta r y  s u b - c h a n n e l s ,  w h ic h  t u r n s  a 
h i g h l y  s e l e c t i v e  w id e b a n d  c h a n n e l  i n t o  a  l a r g e  num ber o f  u n s e l e c t i v e  FDM 
n a r ro w -b a n d  c h a n n e l s .  T h is  s o l v e s  th e  in te r s y m b o l  p ro b le m  b y  i n c r e a s i n g  th e  
sym b o l t im e  i n  th e  r a t i o  o f  t h e  num ber o f  s u b - c h a n n e l s .

C om bined w i th  t h i s  FDM n a r ro w -b a n d  t r a n s m i s s i o n  t e c h n iq u e ,  th e  u s e  o f  a  
c o n v o l u t i o n a l  c o d in g  s y s te m  s u i t e d  to  th e  f a d in g  c h a r a c t e r  o f  th e  c h a n n e l  
s u b s t a n t i a l l y  e n h a n c e s  t h e  p e r fo rm a n c e  o b t a in e d .  I n  a  R a y le ig h  s e l e c t i v e  c h a n n e l  
t h e  p e r fo rm a n c e  i n  te rm s  o f  E ^/N q f o r  a  g iv e n  b i t  e r r o r  r a t i o  a p p ro a c h e s  t h a t  
f o r  a  G a u s s ia n  c h a n n e l  t o  w i t h i n  a b o u t  2 dB u s i n g  th e  sam e c h a n n e l  c o d in g  
s c h e m e .

2 . S ig n a l  d e s c r i p t i o n

The t r a n s m i t t e d  s i g n a l  i s  a  Coded O r th o g o n a l  F re q u e n c y  D i v i s i o n  
M u l t i p l e x  (COFDM) u s in g  e q u a l l y  s p a c e d  a n d  m u tu a l ly  o v e r l a p p e d  c a r r i e r s .
[Pom m ier an d  Wu, 1 986 ; A la r d  a n d  L a s s a l l e ,  1 9 8 7 .]  W ith  t h i s  a r r a n g e m e n t  e a c h  
c a r r i e r  i s  a n  e le m e n t  o f  a  D i s c r e t e  F o u r i e r  T ra n s fo rm  o f  th e  o v e r a l l  t r a n s m i t t e d  
s i g n a l  ( F ig u r e  1 3 ) .  The r e c e i v e r  a s  w e l l  a s  t h e  t r a n s m i t t e r  s t r u c t u r e  i s  th e n  
b a s e d  on  th e  u s e  o f  a  F a s t  F o u r i e r  T ra n s fo rm  (FFT) a l g o r i t h m .  The m u l t i p l e x i n g  
o f  t h e  so u n d  c h a n n e ls  s h o u ld  b e  c h o s e n  to  p e r m i t  r e d u c e d  r e c e i v e r  c o m p le x i ty  
w hen e a c h  g iv e n  s e r v i c e  o c c u p ie s  o n ly  a  p a r t  o f  th e  t o t a l  c a p a c i t y .  I n d e e d ,  a s  
t h e  r e c e i v e r  h a s  t h e n  t o  d e a l  o n ly  w i th  a  p a r t  o f  t h e  t r a n s m i t t e d  d a t a  
m u l t i p l e x ,  th e  b a s i c  i d e a  i s  to  a r r a n g e  th e  c o d in g  a n d  m o d u la t io n  s u c h  t h a t  one 
g iv e n  p a r t  o f  t h e  d a t a  m u l t i p l e x  c a n  b e  p r o c e s s e d  s e p a r a t e l y  fro m  th e  o t h e r s .  
T h is  c a n  b e  done  b y  e i t h e r  a  f r e q u e n c y  o r  a  t im e  d i v i s i o n  m u l t i p l e x .  When th e  
f r e q u e n c y  d i v i s i o n  m u l t i p l e x  i s  u s e d ,  program m e s e l e c t i o n  a n d  d e m o d u la t io n  c a n  
t h e n  b e  e f f e c t e d  b y  d e c im a t io n  o f  t h e  FFT a lg o r i t h m  so  a s  t o  r e s t o r e  t h e  w a n te d  
p ro g ram m e. I n  b o th  c a s e s ,  r e c e i v e r  tu n in g  an d  d e m o d u la t io n  a r e  t h e r e f o r e  
e n t i r e l y  d i g i t a l .

3 . U se o f  a  g u a rd  i n t e r v a l

W ith  th e  COFDM te c h n iq u e  th e  s e l e c t i v i t y  e f f e c t  o f  t h e  c h a n n e l  i s  
l a r g e l y  r e d u c e d  i n  p r o p o r t i o n  to  t h e  num ber o f  c a r r i e r s .  An a d d i t i o n a l  p r o v i s i o n  
a g a i n s t  i n t e r s y m b o l  i n t e r f e r e n c e  i s  t a k e n  b y  t r a n s m i t t i n g  sy m b o ls  o f  a  p e r i o d  
g r e a t e r  t h a n  th e  n o m in a l v a l u e .  T h is  a d d i t i o n a l  g u a rd  i n t e r v a l  a b s o r b s  a l l  th e  
i n te r s y m b o l  i n t e r f e r e n c e  g e n e r a t e d  b y  an y  d e la y  s p r e a d  r a n g in g  fro m  0 to  th e  
g u a r d  i n t e r v a l  d u r a t i o n .
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4 . C h a n n e l c o d in g

A c o n v o l u t i o n a l  co d e  p r o c e s s e d  w i th  s o f t  d e c i s i o n  i s  u s e d  i n  
c o n j u n c t i o n  w i th  a two d im e n s io n a l  i n t e r l e a v i n g :

- tim e  i n t e r l e a v i n g ,  w h ic h  i s  u s e f u l  w i t h  m o b ile  r e c e p t i o n ;

- f r e q u e n c y  i n t e r l e a v i n g ,  w h ic h  i s  e s s e n t i a l  f o r  t h i s  s y s te m  i n  
u rb a n  e n v ir o n m e n ts ,  f o r  f i x e d  r e c e p t i o n  a n d  s t a t i o n a r y  v e h i c l e s .

F ig u r e  14 show s th e  e r r o r  r a t e  a s  a  f u n c t i o n  o f  t h e  m ean E ^/N 0 r a t i o  i n  
a  f r e q u e n c y  s e l e c t i v e  c h a n n e l  o f  w h ic h  th e  c o r r e l a t i o n  b a n d w id th  ( s e e  a l s o  
A nnex I I )  i s  s m a l l  i n  c o m p a r is o n  to  th e  b a n d w id th  o f  t h e  t r a n s m i t t e d  s i g n a l  an d  
w h ere  t h e  COFDM te c h n iq u e  i s  u s e d .  C u rv es  show  t h e  p e r f o r m a n c e  w i th  
c o n v o l u t i o n a l  c o d in g  (R = 1 /2 ,  k  *  7 , D fr e e  = 10) f o r  2PSK a n d  4PSK w i th  
d i f f e r e n t i a l  a n d  c o h e r e n t  d e m o d u la t io n  co m p ared  t o  t h a t  o f  t h e  u n c o d e d  s y s te m . 
The COFDM m o d u la t io n  t e c h n iq u e  u s in g  c o n v o l u t i o n a l  c o d e s  e f f e c t i v e l y  s o l v e s  th e  
f r e q u e n c y  s e l e c t i v e  f a d in g  p ro b le m .

5 . S o u rc e  c o d in g

D i g i t a l  sound b r o a d c a s t in g  r e q u i r e s  s i g n i f i c a n t  b i t - r a t e  r e d u c t io n  o f 
a u d io  s i g n a l s  w h ile  p r e s e r v in g  e x c e l l e n t  q u a l i t y  o f  th e  so u n d . R ecen t 
p r o g r e s s  i n  so u rc e  co d in g  te c h n iq u e s  h as  made a v a i l a b l e  c o d in g  and d e c o d in g  
p ro c e d u re s  t h a t  a llo w  b i t - r a t e  r e d u c t io n s  from  16 b i t / s a m p l e  a s  c u r r e n t l y  u sed  
i n  d i g i t a l  a u d io  equ ipm en t to  a b o u t 2 b i t / s a m p l e ;  u s in g  a sa m p lin g  fre q u e n c y  
o f 48 kHz, th e  t o t a l  b i t  r a t e  o f a  m onophonic s i g n a l  i s  a ro u n d  100 k b i t / s .

In  o rd e r  to  m atch  th e  q u a n t iz in g  n o is e  to  th e  human e a r  c h a r a c t e r ­
i s t i c s ,  two d i f f e r e n t  s o u rc e  c o d in g  te c h n iq u e s  a r e  u n d e r  i n v e s t i g a t i o n .  They 
b o th  u se  sp e c tru m  a n a ly s i s  te c h n iq u e s  and f r e q u e n c y -d e p e n d e n t  b i t - a l l o c a t i o n .
The g o a l  o f  t h e s e  a d v a n c e d  c o d in g  sch em es i s  to  g iv e  c o m p a c t d i s c  q u a l i t y  a n d  
th e  p r e l i m i n a r y  r e s u l t s  h a v e  show n t h a t  t h i s  g o a l  i s  l i k e l y  t o  b e  a c h ie v e d .

5 .1  T ra n s fo rm  c o d in g

T h is  co d in g  m ethod in v o lv e s  th e  c o n v e r s io n  o f  a  b lo c k  o f  c o n s e c u t iv e  
sam p les  i n t o  th e  fre q u e n c y  dom ain CKrahe, 1986, B ra n d e b u rg , 1988 , J o h n s to n ,
1988> ( e .g .  F o u r ie r  t r a n s fo rm  o r  c o s in e  t r a n s f o r m ) .  T h is  s t r a t e g y  e n a b le s  a 
r e d u c t io n  i n  th e  red u n d an cy  o f  th e  au d io  s i g n a l  and a l s o  a  m a tc h in g  o f  th e  
q u a n t i z a t i o n  to  th e  th r e s h o ld s  o f p e r c e p t io n  o f  q u a n t i z in g  e r r o r s .  Only th o s e  
v a lu e s  o f  a m p litu d e  and p h a se  t h a t  a re  r e l e v a n t  w ith  r e s p e c t  to  th e  m asking  
e f f e c t s  o f  th e  human e a r  a r e  q u a n t iz e d .

5 .2  S u b -b a n d  c o d in g

T h is  co d in g  m ethod d iv id e s  th e  b ro ad b an d  s i g n a l  i n t o  a num ber o f
su b -b a n d  s i g n a l s  w ith  a  s u i t a b l e  f i l t e r  bank  and i n t o  d i g i t a l  fra m e s  o f a b o u t
4 to  10 ms lo n g  < T h e ile  e t  a l . ,  D ehery , V o ro s , 19 8 8 )> . In  e a c h  fra m e , th e  
maximum l e v e l  a t t a i n e d  b y  e a c h  s u b -b a n d  s i g n a l  ( i . e .  t h e  s c a l e - f a c t o r )  i s  
q u a n t i z e d  a n d  t r a n s m i t t e d .  E ach  s u b -b a n d  i s  q u a n t i z e d  w i th  t h e  b i t - a l l o c a t i o n  
b a s e d  on  th e  m a sk in g  t h r e s h o l d s . T h is  m eth o d  a v o id s  p ro b le m s  w i th  t im e  d o m ain  
w indow ing and w h a te v e r th e  dynam ic ran g e  o f  th e  in p u t  s i g n a l ,  i t  o p t im iz e s  th e  
d i s t r i b u t i o n  o f  th e  q u a n t iz in g  n o is e  a c r o s s  th e  s p e c tru m  w ith  r e g a rd  to  th e  
p e r c e p t i b i l i t y .  Sub-band  c o d in g  i s  c h a r a c t e r i z e d  by an  in h e r e n t  low 
s e n s i t i v i t y  to  t r a n s m is s io n  e r r o r s  b e c a u se  che sp e c tru m  o f  che n o is e  e n e rg y  i s  
c o n f in e d  to  a  s in g l e  su b -b a n d  and i s  l im i t e d  by th e  s c a l e - f a c t o r  i f  t h i s  one 
i s  s a t i s f a c t o r i l y  p r o c e c te d .
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In che su b -b an d  c o d in g , th e  b a s i s  t o r  dynam ic b i c - a l l o c a t i o n  co che 
su b -b a n d s  i s  an  e x a c t  c a l c u l a t i o n  o f th e  in s ta n ta n e o u s  m asking th r e s h o ld  in  che 
c o d e r .  The b i c - a l l o c a t i o n  c o n t r o l  d a ta  a re  t r a n s m i t t e d  to g e th e r  w ith  th e  
s c a i e - f a c t o r s  a s  s id e - in f o r m a c io n .  Thus che c o m p le x ity  o f th e  d e c o d e r i s  
r e d u c e d  to  i n v e r s e  f i l t e r i n g  o p e r a t i o n .  T h is  t e c h n iq u e  g iv e s  a  c o n s t a n t  b i t  r a t e  
by  p r o v i d i n g  o p t i o n a l l y  a  d y n a m ic a l ly  v a r y in g  b i t - r a t e  m a rg in , w h ic h  c a n  be 
u s e d ,  f o r  i n s t a n c e ,  t o  t r a n s m i t  a r b i t r a r y  d a t a .

6 . S v stem  c o n s i d e r a t i o n s

The v e ry  f i r s t  r e a l i z a t i o n  has been  d ev e lo p e d  in  F ran ce  co v a l i d a t e  
th e  sy s tem  p r i n c i p l e s .  I t  o f f e r s  a c a p a c i ty  of 16 s te r e o p h o n ic  sound 
p rogram m es, e a c h  w ith  an i n d i v id u a l  c a p a c i ty  o f 336 k b i t / s ,  i n  an  o v e r a l l  
b a n d w id th  o f  7 MHz.

N e v e r th e le s s ,  th e  r e s u l t s  a l r e a d y  a c h ie v e d  in  a u d io  d a ta  b i t - r a t e  
r e d u c t io n  and th e  a s s u r a n c e ,  b ased  on th e  know ledge o f  th e  c h a n n e l b e h a v io u r , 
c h a t  a 4 MHz band i s  s u f f i c i e n t  to  p ro v id e  an e x c e l l e n t  q u a l i t y ,  le d  to  two 
s e t s  o f  r e p r e s e n t a t i v e  sy s te m  p a ra m e te rs  f o r  th e  l i n k  b u d g e t:

- s y s te m  A, w h ic h  t r a n s m i t s  16 s t e r e o p h o n i c  p rog ram m es e a c h  w i th  an
i n d i v i d u a l  s o u r c e  b i t  r a t e  o f  168 k b i t / s ,  i n  a  4 MHz b a n d ;

- s y s te m  B, w h ic h  t r a n s m i t s  12 s t e r e o p h o n i c  p rog ram m es e a c h  w i th  an
i n d i v i d u a l  s o u r c e  b i t  r a t e  o f  224 k b i t / s ,  i n  a  4 MHz b a n d .

The e x i s t i n g  r e a l i z a t i o n  d e s c r i b e d  b e lo w  h a s  a  c a p a c i t y  o f  33 c h a n n e ls  
(CG t o  C 3 2 ) . The c h a n n e l  CO c a n  b e  u s e d  f o r  d a t a  b r o a d c a s t i n g .  C h a n n e ls  C l to  
C32 a r e  n o m in a l ly  a l l o c a t e d  t o  so u n d  b r o a d c a s t i n g .  E ach  one  c a n  t r a n s m i t  a  
h i g h - q u a l i t y  m onophon ic  so u n d  c o m p re s se d  a t  168 k b i t / s ,  a  r a t e  t h a t  in c lu d e s  
p r o g r a m - r e l a t e d  d a t a .  The g e n e r a l  a r c h i t e c t u r e  o f  t h e  s y s te m  i s  show n i n  
F ig u r e  1 5 .

6 .1  C0FDM/4PSK m o d u la t io n  s v s te m

The b a s i c  p a r a m e te r s  f o r  t h e  f i r s t  v e r s i o n  o f  t h e  COFDM s y s te m  a r e  a s
f o l l o w s :

Symbol d u r a t io n  Tg * 80 (is

U se fu l p e r io d  t  = 64 (is

Guard i n t e r v a l  A » 16 (is

The 16 /is  d u r a t i o n  o f  t h e  g u a rd  i n t e r v a l  a b s o r b s  m u l t i p l e  p a th s  i n
a lm o s t  a l l  p r a c t i c a l  s i t u a t i o n s .  L o ss  due t o  th e  g u a rd  i n t e r v a l  am o u n ts  to  
a p p r o x im a te ly  1 dB. I n  a d d i t i o n ,  sym bol Ts i s  o f  s u f f i c i e n t l y  s h o r t  d u r a t i o n  to  
e n s u r e  te m p o r a l  c o h e r e n c e  i n  t h e  r e c e i v e d  s i g n a l ,  e v e n  a t  m o b ile  r e c e i v e r  s p e e d s  
o f . a p p r o x i m a t e l y  200 km /h  a n d  a n  o p e r a t i n g  f r e q u e n c y  o f  2 GHz. T h is  c o n d i t i o n  i s  
v i t a l  i f  t h e  d e m o d u la to r  i s  t o  f u n c t i o n  c o r r e c t l y ,  w h e th e r  i t  i s  o f  th e  
d i f f e r e n t i a l  o r ,  a  f o r t i o r i ,  o f  t h e  c o h e r e n t  ty p e .

The m u l t ip le x  c o n s i s t s  o f 448 c a r r i e r s  sp a c e d  by L /t  , i . e .  15625 Hz.
The r e s u l t i n g  bandw id th  i s  a p p ro x im a te ly  7 MHz. Each o f  th e  c a r r i e r s  i s  
m o d u la ted  in  4-PSK w ith  d i f f e r e n t i a l  c o d in g . T h is  a l lo w s  f o r  s im p l i f i e d  
r e c e i v e r s  b a sed  on d i f f e r e n t i a l  d e m o d u la tio n .
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6 .2  Fram e o r g a n i z a t i o n

Time D i v i s i o n  M u l t ip le x  i s  b a s e d  on  a  fram e  o f  300 s y m b o ls , o r  t im e  
s l o t s ,  i . e .  24 m s, a s  show n i n  F ig u r e  1 6 . The f i r s t  s l o t  i n  t h e  fra m e  i s  a lw a y s  
s e t  t o  z e r o  an d  i s  u s e d  f o r  r e c e i v e r  s y n c h r o n i z a t i o n .  The s e c o n d  s l o t  i s  a  
f r e q u e n c y  sw eep u s e d  a s  a  p h a s e  r e f e r e n c e  f o r  d i f f e r e n t i a l  d e m o d u la t io n .  The 
t h i r d  s l o t  t r a n s m i t  s t a t i c  d a t a .  The r e m a in in g  297 s l o t s  a r e  d i v i d e d  o u t  b e tw e e n  
th e  33 c h a n n e l s ,  e a c h  c h a n n e l  h a v in g  n in e  c o n s e c u t iv e  s l o t s .

6 .3  C h a n n e l c o d in g  s v s te m

t The c h a n n e l co d in g  r e t a in e d  i s  o f  th e  c o n v o lu t io n a l  ty p e .  F o r each
c h a n n e l ,  a  b lo c k  i s  form ed c o r re s p o n d in g  to  th e  d a ta  t r a n s m i t t e d  in  one fra m e ,
i . e .  24 x 168 = 4032 b i t s .  The c o n v o lu t io n a l  code h as  a r a t e  1 /2  and a 
c o n s t r a i n t  le n g th  k = 7, fo rm in g  an 8064 b i t s  b lo c k  a t  th e  o u tp u t .  The d a ta  
from  th e  c o n v o lu t io n a l  co d e r are- th e n  i n t e r l e a v e d  in  tim e  o v e r 16 f ra m e s ,
i . e .  384 ms. F requency  i n t e r l e a v i n g  s p re a d s  th e  d a ta  o v e r  th e  448 c a r r i e r s  o f 
th e  m u l t ip le x .

6 .4  D i v e r s i t y  t e c h n iq u e s

The d i v e r s i t y  te c h n iq u e s  p la y  a v i t a l  r o l e  i n  th e  sy s te m . The 
c o n v o lu t io n a l  code c a n n o t f u n c t io n  c o r r e c t l y  in  a R a y le ig h  c h a n n e l u n le s s  
in d e p e n d e n t R a y le ig h  law s have been  a l l o c a t e d  to  th e  s u c c e s s iv e  sam p les  
p r e s e n te d  to  th e  V i t e r b i  d e c o d e r . As shown i n  S e c t io n  6 .3 ,  th e  te m p o ra l 
i n t e r l e a v i n g  e x te n d s  o v e r  384 ms, w h ich , in  th e  c a s e  o f  f r e q u e n c ie s  o f  th e  
o rd e r  o f  500 MHz to  2 GHz, p ro v id e s  th e  n e c e s s a ry  in d e p e n d e n c e  even  when th e  
v e h ic u le  i s  t r a v e l l i n g  a t  v e ry  low s p e e d s . When th e  v e h ic l e  s t o p s ,  th e n  th e  
f re q u e n c y  d i v e r s i t y  a lo n e  e n s u re s  t h a t  th e  sy s tem  f u n c t io n s  c o r r e c t l y .  From 
t h i s  p o in t  o f v iew , th e  e x is te n c e  o f m u l t ip a th  p r o p a g a t io n  i s  a  form  o f  
d i v e r s i t y  and sh o u ld  be se e n  a s  an a d v a n ta g e  f o r  t h i s  sy s te m . •

6 .5  S o u rc e  c o d in g  s v s te m

The p r o t o t y p e  im p le m e n ta t io n  o f  a n  a d v a n c e d  s o u r c e  c o d in g  s y s te m  c a l l e d  
MASCAM (M ask in g  A d a p te d  S u b -b a n d  C o d in g  And M u l t i p l e x i n g )  w as d e v e lo p e d  i n  
G erm any ( F e d e r a l  R e p u b l ic  o f ) . I t  u s e d  a  s a m p lin g  f r e q u e n c y  o f  32 kHz an d  a  
s t a t i c  b i t - a l l o c a t i o n .  F u r t h e r  w ork  h a s  b e e n  c a r r i e d  o u t  i n  E u ro p e a n  r e s e a r c h  
c e n t r e s  [T heile.e t  a l . , Dehery, 1988] i n  o r d e r  t o  o p t im iz e  a  48 kHz s u b - b a n d  c o d in g  
schem e w i th  a  v ie w  t o  e s t a b l i s h  th e  b e s t  t r a d e - o f f  a s  r e g a r d s  s u b j e c t i v e  
q u a l i t y ,  b i t - r a t e ,  d e l a y ,  b i t - e r r o r  r u g g e d n e s s ,  d e c o d e r  c o m p le x i ty  a n d  p o s t ­
p r o c e s s i n g  c a p a b i l i t y .  The s t u d i e s  h a v e  b e e n  o r i e n t e d  i n  tw o d i r e c t i o n s :

- r e d e s i g n i n g  th e  c h a r a c t e r i s t i c s  o f  t h e  s u b -b a n d  a n a l y s i s  an d
s y n t h e s i s  f i l t e r  b a n k  i n  o r d e r  to  im p ro v e  th e  c o r r e s p o n d in g  
s p e c t r a l  a n a l y s i s  an d  q u a n t i z i n g  n o i s e  c o n f in e m e n t  p r o p e r t y  an d  
i n  a d d i t i o n  t r y  t o  re d u c e  th e  o v e r a l l  c o d in g - d e c o d in g  d e l a y ;

- a p p ly in g  a  d ynam ic  b i t - a l l o c a t i o n ,  b a s e d  u p o n  a n  e x a c t
c a l c u l a t i o n  o f  th e  m a sk in g  t h r e s h o l d .  The r e s u l t i n g  b i t - r a t e  f o r  
t r a n s m i t t i n g  an  a u d io  s i g n a l  p r o v i d i n g  a  s u b j e c t i v e  q u a l i t y  o f  
16 b i t  l i n e a r  c o u ld  i n  su c h  a  c a s e  b e  r e d u c e d  t o  l e s s  t h a n
10G k b i t / s  p e r  m onophon ic  c h a n n e l .

The b lo c k  d ia g ra m  o f  th e  new c o d e r  u s in g  a  s u b -b a n d  c o d in g  schem e i s  
shown i n  F ig u r e  1 7 . F u r t h e r  in f o r m a t io n  on  a d v a n c e d  s o u r c e  c o d in g  sch em es i s  
g iv e n  i n  R e p o r t  [S tu d y  G roup 1 0 ] .
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7 . R e c e iv e r  d e s ig n  ,

The g e n e r a l  a r c h i t e c t u r e  o f  th e  r e c e i v e r  i s  show n i n  F ig u r e  18 .

7 .1  RF. IF  a n d  b a s e b a n d

, The r e c e iv e r  in p u t  s ta g e s  a r e  t o t a l l y  c o n v e n t io n a l  in  th e  RF s t a g e s .
In  IF ,  c h a n n e l f i l t e r i n g  i s  p e rfo rm ed  by a-SAW f i l t e r  w ith  a b an d w id th  o f
7 .5  MHz. The IF s ig n a l  i s  th e n  d em o d u la ted  and th e  s i g n a l s  I  and Q a re  
c o n v e r te d  i n t o  d i g i t a l  fo rm . N ote t h a t  th e  l o c a l  o s c i l l a t o r  c o rre sp o n d s  to  th e  
c e n t e r  o f th e  c h a n n e l. In  o rd e r  to  a v o id  any m ix e r i s o l a t i o n  p ro b le m s , th e  
c a r r i e r  c o rre s p o n d in g  to  t h i s  f re q u e n c y  i s  n o t e m i t te d .

7 .2  D e m o d u la tio n  o f  th e  COFDM m u l t i p l e x

The incom ing  s ig n a l  i s  d em o d u la ted  by a p r o c e s s o r  w hich  p e rfo rm s  a 512 
com plex p o in t  FFT in  ab o u t 1 ms. T h is  a llo w s  f o r  th e  p r o c e s s in g  o f  two 
e le m e n ta ry  c h a n n e ls  in  a r e a l  t im e , i . e .  one s te r e o p h o n ic  so u n d . The 
448 u s e f u l  c a r r i e r s  a re  th e n  d em o d u la ted  d i f f e r e n t i a l l y  u s in g  com plex 
m u l t i p l i c a t i o n .

7 .3  V i t e r b i  d e c o d in g  . ;

The V i t e r b i  d eco d in g  f u n c t io n  i s  p e rfo rm e d  by a custom  d e s ig n e d  
i n t e g r a t e d  c i r c u i t  w hich p ro v id e s  f o r  a l a r g e  ra n g e  o f  codes among w hich i s  th e  
R = 1 /2 ,  k = 7 , 'D .  = 10 co d e , and can  p ro c e s s  a maximum u s e f u l  r a t e  o f  th e
o r d e r  o f  500 k b i t / s .  .

7 .4  S y n c h r o n iz a t io n  ,

S y n c h ro n iz a tio n  i s  pe rfo rm ed  d i g i t a l l y  by m e a su rin g  th e  en e rg y  
r e c e iv e d  and d e t e c t in g  s l o t  0 . T h is  f i r s t  e s t im a te  p ro v id e s  a mean of 
p r e p o s i t i o n in g  th e  FFT window. T h is  p o s i t i o n i n g  i s  th e n  r e f in e d  by a c h a n n e l 
im p u lse  re s p o n s e  e s t im a t io n .

7 .5  Sound d e c o d e r

. The s u b -b a n d  d e c o d e r  ( F ig u r e  19) i s  c h a r a c t e r i z e d  b y  i n v e r s e  
t r a n s c o d i n g  an d  b y  i n v e r s e  f i l t e r i n g  o f  th e  s u b -b a n d  s a m p le s .  F o r  i n v e r s e  
t r a n s c o d i n g  th e  a l l o c a t i o n  c o n t r o l  an d  th e  s c a l e  f a c t o r s  a r e  u s e d .  .

The c o m p u ta t io n  pow er r e q u i r e d  b y  th e  d e c o d e r  i s  s i g n i f i c a n t l y  l e s s  
co m p ared  to  th e  c o d in g  p r o c e s s  an d  i s  m a in ly  d e te r m in e d  b y  i n v e r s e  f i l t e r i n g ,  
c h a r a c t e r i z e d  b y  s im p le  s t r u c t u r e s  w h ic h  c a n  b e  e a s i l y  im p le m e n te d  i n  a  s p e c i a l  
V LSI.

8 . E x p e r im e n ta l  r e s u l t s

The re m a rk a b le  p e r fo rm a n c e  o f  th e  s y s te m  h a s  b e e n  p a r t i c u l a r l y  
c o n f i rm e d  b y  th e  f i r s t  d e m o n s t r a t io n  o f  COFDM/MASCAM, w h ic h  w as o r g a n iz e d  u n d e r  
EB U 's a u s p i c e s  d u r in g  th e  WARC ORB-88 i n  G eneva [Ch. D osch  e t  a l . .  1 9 8 8 ] .

The COFDM/MASCAM s ig n a l  t r a n s m i t te d  a t  834 MHz from  th e  top  of th e  
Mont S a lev e  was re c e iv e d  in  a d e m o n s tra t io n  c a r  t r a v e l l i n g  in  th e  s t r e e t s  of 
G eneva. The q u a l i t y  o f th e  t r a n s m is s io n  m o n ito re d  b o th , on lo u d s p e a k e rs  ana 
h ead p h o n es was e x c e l l e n t ,  even when th e  c a r  was shadowed by th e  b u i ld in g s  and . . 
in  s t r o n g  m u l t ip a th  c o n d i t io n s .  '
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The m o d u la t io n  an d  s o u r c e  c o d in g  p a r a m e te r s  o f  t h e  e x p e r i m e n t a l  s y s te m  
a r e  g iv e n  i n  T a b le s  XXV and XXVI, resp ec tiv e ly .

The s u b j e c t i v e  q u a l i t y  o f  th e  so u n d  r e c e i v e d  i n  t h e  c a r  w as e v a l u a t e d  
a f t e r  th e  d e m o n s t r a t io n s  on  th e  b a s i s  o f  th e  r e p l i e s  t o  t h e  q u e s t i o n n a i r e s  g iv e n  
to  th e  d e l e g a t e s . *  70% o f  a l l  p a r t i c i p a n t s  c o u ld  n o t  d e t e c t  a n y  i n t e r r u p t i o n s  
a t  a l l  d u r in g  the 20 minute r id e . O nly  30% o f  th e  p a r t i c i p a n t s  n o t i c e d  one  to  f o u r  
d i s t u r b a n c e s ,  s u c h  a s  c l i c k s ,  s h o r t  b e e p s  o r  b r i e f  m u t i n g s . A l l  p a r t i c i p a n t s  
ju d g e d  th e  so u n d  q u a l i t y  a s  m ore t h e n  a d e q u a te .  80% o f  t h e  p a r t i c i p a n t s  
e v a l u a t e d  th e  o v e r a l l  p e r fo rm a n c e  a s  " e x c e l l e n t "  ( i . e .  g r a d e  5 ) ,  a n d  no 
p a s s e n g e r  a s s e s s e d  i t  w o rse  th a n  "g o o d " ( i . e .  g r a d e  4 ) .

TABLE XXV

S v stem  p a r a m e te r s  o f  t h e  f i r s t  im p le m e n te d  v e r s i o n  o f  COFDM

T o ta l  num ber o f  c a r r i e r s  p r o c e s s e d  by FTT 
T o ta l  num ber o f  u s e f u l  t r a n s m i t t e d  c a r r i e r s  
S p a c in g  b e tw e e n  two s u c c e s s iv e  c a r r i e r s  
U s e f u l  sym bol p e r io d  
T o ta l  b a n d w id th  
M o d u la tio n

512
448
15625 Hz
64 p s  
7 MHz 
4 PSK

T o ta l  u s e f u l  b i t - r a t e
Number o f  s t e r e o p h o n ic  so u n d  program m es

C h a n n e l d e c o d in g

D e m o d u la tio n  
C h an n e l c o d in g

I n t e r l e a v i n g :

-  f r e q u e n c y  dom ain

-  r a t e
- c o n s t r a i n t  l e n g t h
-  f r e e  d i s t a n c e

tim e  dom ain ( n o t  im p le m e n te d  in  
G eneva d e m o n s t r a t i o n s )  
7 MHz
d i f f e r e n t i a l  
c o n v o l u t i o n a l  co d e  
1 / 2  
7 
10
maximum l i k e l i h o o d  
V i t e r b i  d e c o d e r
5 .5  M b i t / s  
16

* M ore th a n  200 d e l e g a t e s  a t t e n d i n g  WARC ORB-88, fro m  40 c o u n t r i e s ,  
p a r t i c i p a t e d  i n  a  t e s t  d r i v e  i n  th e  c a r .
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TABLE XXVI

S v stem  p a r a m e te r s  o f  th e  f i r s t  im p le m e n te d  v e r s i o n  o f  MASCAM

B i t - r a t e  p e r  mono c h a n n e l

Number o f  s u b -b a n d s  
W id th  o f  s u b -b a n d s

S am p lin g  r a t e  
B lo ck  l e n g th

C o d e-w o rd s p e r  b lo c k  
L e n g th  o f  s a m p le s

S c a l e - f a c t o r  l e n g t h  
E r r o r  p r o t e c t i o n

T o ta l  b i t - s t r e a m  
Sam ples 
S c a l e - f a c t o r s  
E r r o r  p r o t e c t i o n

-  B lo c k  co d e

168 k b i t / s  
112 k b i t / s  
24 k b i t / s  
32 k b i t / s  
24
500 Hz (up  to  8 kHz)
1 kHz (a b o v e  8 kHz)
32 kHz
8 ms (b e lo w  8 kHz)
4 ms (a b o v e  8 kHz)
8 sa m p le s
1 .5 6  to  12 b i t / s a m p l e  
d e p e n d in g  on th e  
s u b -b a n d  l o c a t i o n  
6 b i t s  

G o lay  ( 2 4 ,1 2 )  c o v e r in g  
s c a l e - f a c t o r s  o f  a l l  s u b -b a n d s

- 2 MSB o f  s u b -b a n d s  
N os. 1 an d  2

- 1 MSB o f  s u b -b a n d s  
N os. 3 ,  4 and  5

9 . R e f e r e n c e s

CCIR D ocum ents

[1 9 8 6 -1 9 9 0 ] :  a .  1 0 -1 1 S /9  (F ra n c e ) ;
b .  10-1  I S / 2 (EBU);
c .  1 0 - 1 IS /1 2 2  (EBU)

P om m ier, D . , Wu, Y. < Ju n e  1986>: I n t e r l e a v i n g  o r  s p e c t r u m - s p r e a d in g  i n  d i g i t a l  
r a d i o  in te n d e d  f o r  v e h i c u l e s .  R e p r in te d  fro m  th e  EBU R e v ie w -T e c h n ic a l  No. 217

A la r d ,  M ., L a s s a l l e ,  R. < A ugust 1987>: P r i n c i p l e s  o f  m o d u la t io n  and  c h a n n e l  
c o d in g  f o r  d i g i t a l  b r o a d c a s t i n g  f o r  m o b i le s  r e c e i v e r s .  R e p r in te d  fro m  EBU 
R e v ie w - T e c h n ic a l  No. 224

T h e i l e ,  G ., S t o l l ,  G . ,  L in k ,  M. < A ugust 1988>: Low b i t - r a t e  c o d in g  o f  
h i g h - q u a l i t y  a u d io  s i g n a l s .  An i n t r o d u c t i o n  to  th e  MASCAM s y s te m . EBU 
R e v ie w -T e c h n ic a l  No. 2 3 0 , p p . 158-181

D e h e ry , Y .F . <A ugust 1988> : R e a l - t im e  s o f tw a r e  p r o c e s s i n g  a p p ro a c h  f o r  d i g i t a l  
so u n d  b r o a d c a s t i n g .  I n :  A dvanced  d i g i t a l  t e c h n iq u e s  f o r  UHF s a t e l l i t e  so u n d  
b r o a d c a s t i n g .  EBU p u b l i c a t i o n ,  p p . 9 5 -9 9

V o ro s , P . < A p r i l  1988> : H igh  q u a l i t y  so u n d  c o d in g  w i t h i n  2 .6 4  k b i t / s  u s in g  
in s t a n t a n e o u s  dynam ic  b i t - a l l o c a t i o n .  P r o c .  ICASSP, New Y o rk , p p . 2 5 3 6 -2 5 3 9

K ra h e , D. <1986>: E in  V e r f a h r e n  z u r  D a te n r e d u k t io n  b e i  d i g i t a l e n  a u d i o - s i g n a l e n  
u n t e r  a u s n u tz u n g  p s y c h o a k u s t i s c h e r  phanom ene. R u n d fu n k te c h n ik  M i t t e i l u n g e n  3 0 , 
p p . 117 -123
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B ra n d e n b u rg , K. < 1988>: H igh  q u a l i t y  so und  c o d in g  a t  2 .5  b i t / s a m p l e .  8 4 th  AES 
C o n v e n tio n , P r e p r i n t  No. 2582

J o h n s to n ,  J .  < F e b ru a ry  19S 8> : T ra n s fo rm  c o d in g  o f  a u d io  s i g n a l s  u s in g  
p e r c e p t u a l  n o i s e  c r i t e r i a .  IEEE J o u r n a l  on s e l e c t e d  a r e a s  i n  c o m m u n ic a tio n , 
V o l. 6 , No. 2 , p p . 3 1 4 -3 2 3

D o sch , C h .,  R a t l i f f ,  P .A . , Pom m ier, D. <D ecem ber 1988>: F i r s t  p u b l i c  
d e m o n s t r a t io n s  o f  COFDM/MASCAM. A m i l e s to n e  f o r  th e  f u t u r e  o f  
r a d i o - b r o a d c a s t i n g .  EBU R e v ie w - T e c h n ic a l ,  No. 2 3 2 , p p . 2 7 5 -2 8 3

k - o 1 2 3 4

FIGURE 13

S p e c tru m  o f  t h e  COFDM e le m e n ta r y  c a r r i e r s
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z 3

C c o n v o l u t i o n a l  code  

0 no c o d in g  

co c o h e r e n t  d e m o d u la t io n

d.2 d i f f e r e n t i a l  d e m o d u la t io n  (2PSK) 

d i f f e r e n t i a l  d e m o d u la t io n  (4PSK)

FIGURE 14

C o m p a riso n  o f  b i n a r y  e r r o r  r a t e  p e r fo rm a n c e  o f  
c o n v o l u t i o n a l  co d e  w i th  COFDM i n  a  R a v le ie h  c h a n n e l  

u s in g  c o h e r e n t  an d  d i f f e r e n t i a l  d e m o d u la t io n  (2PSK. 4PSIP
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FIGURE 15 

S c h e m a tic  d ia g ra m  o f  c o d in g  s v s te m

24ms 
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FIGURE 16 

Fram e s t r u c t u r e

FIGURE 17

B lo c k  d ia g ra m  o f  a n  o p t im iz e d  s u b - b a n d  c o d e r

M
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FIGURE 18 

B lo c k  d ia g ra m  o f  th e  r e c e i v e r

C h a n n e l  d e c o d i n g  I n v e r s e  t r a n s c o d i n g  I n v e r s e  t i t t e r i n g

FIGURE 19

B lo c k  d ia g ra m  o f  th e  s u b -b a n d  d e c o d e r
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REPORT 6 3 2 -4

BROADCASTING-SATELLITE SERVICE 
(SOUND AND TELEVISION)

T e c h n i c a l l y  s u i t a b l e  m e th o d s  o f  m o d u la t io n

( Q u e s t io n  2 /1 0  a n d  11,
S tu d y  P rogram m es 2B /10  a n d  1 1 , 2C /10  an d  1 1 , 2 F /1 0  a n d  11)

(1 9 7 4 -1 9 7 8 -1 9 8 2 -1 9 8 6 -1 9 9 0 )

1. Introduction

There are a large number of possible methods of modulation for the broadcasting-satellite service, the 
choice depending on several factors. This Report discusses different technically suitable methods for the 
broadcasting-satellite service in all the frequency bands allocated to this service.

As regards the broadcasting-satellite service in the 12 GHz band, it should be borne in mind that the 
planning at the WARC-BS-77 was carried out on the assumption that a television programme would have only 
one sound channel, transmitted using a frequency-modulation sub-carrier positioned at the inter-carrier spacing of 
the television system used in the service area under consideration. Nevertheless, the WARC-BS-77 did not exclude 
the use of modulation signals having different characteristics, provided that the use of those different characteris­
tics did not result in greater interference than that caused by the system considered in the Plan.

2. Sound broadcasting

This section concerns the methods of modulation suitable for sound broadcasting when this is the main 
service on the carrier(s) considered.

2.1 Analogue methods o f modulation

Among analogue methods of modulation, it seems preferable to use frequency modulation with the same 
standards as those used for terrestrial sound broadcasting (see Recommendations 412 and 450); but they could be 
different in certain cases. In particular, it may be desirable to use a higher deviation, to reduce the necessary 
satellite transmitter power, especially in the frequency bands where new receivers or additional equipment for 
existing receivers, would in any case be required.

For stereophonic broadcasting using a frequency-modulation multiplex system (see Recommendation 450), 
it is necessary to increase by about 20 dB the values of field-strength, power flux-density, and satellite e.i.r.p. or 
the Figure of merit o f the receiving earth station. Stereophony could also use two identical channels, carrying the 
left and right signals, but there may be some problems for compatible m onophonic reception.

2.2 Digital methods o f  modulation

For the broadcasting of a large number of sound channels, it may be advantageous to use TDM digital 
techniques. In this case, the choice of the modulation does not depend upon the nature o f the signals to be 
broadcast, but only on the characteristics o f the radio-frequency channel. In § 6 o f this Report the choice of these 
digital modulation techniques for any kind of signal (e.g. sound, data, picture, etc.) is discussed.

Concerning the organization of the digital multiplex, several procedures may be used; they are described in 
Report 954. Details of digital coding methods are contained in Report 953.

Digital sound coding is described in Report 953 and subjective results related to C /N  or bit error ratio 
are reported in the Annexes to this Report. It should be noted that sound quality is dependent upon the overall 
transmission process (multiplexing procedure, modulation type, bit interleaving, error protection strategy, dem odu­
lator characteristics, etc.) and upon the nature of the errors arising therein. Account must be taken of this when 
comparing results.
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3. Analogue television with an associated sound channel

This section relates to the broadcasting of an analogue picture signal associated with a sub-carrier for one 
analogue sound channel.

The two types of analogue modulation best suited to satellite television broadcasting seem to be vestigial 
side-band amplitude modulation and frequency modulation.

For a given quality of service and a given figure of merit of the receiving installation, frequency 
modulation permits a much lower satellite transmitter power than amplitude modulation. However, in frequency 
bands for which there are existing terrestrial television receivers, amplitude modulation would allow these receivers 
to be used without modification. From the point of view of planning, frequency modulation requires wider 
channels, but the protection ratios are lower than for amplitude modulation, so either type of modulation may be 
advantageous, depending on the circumstances.

When frequency modulation is used, it is desirable that, after dem odulation, the composite vision and 
sound signals should be the same as in the terrestrial service in the given geographical area; this would simplify 
the design of compatible receivers. This implies the use of a sub-carrier for the sound signal at a frequency equal 
to the spacing between the vision and sound carriers used for the terrestrial service. However, a sub-carrier of high 
amplitude can cause a visible beat pattern with the colour sub-carrier, and a buzz on the sound. Experiments by 
EBU members have shown that the receiver bandwidth need not be wider than is necessary to achieve a good
quality o f the picture alone, when the sound sub-carrier has an amplitude giving about 30% of the total
peak-to-peak deviation of the carrier. Nevertheless, in some of these experiments the best signal-to-weighted-noise 
ratio which was achieved for the sound was 50 dB, as a result of buzz caused by variations in group delay of the 
receiver filter characteristics. If better sound quality is required (for example, with a signal-to-weighted ratio of 
60 dB), it may be necessary to abandon the analogue sub-carrier principle, and to transmit the sound by other 
methods. One suitable method could consist of using a separate RF carrier with the same modulation
characteristics as those which may be used for sound broadcasting from satellites.

In frequency-modulation television, the signal bandwidth limitation arising from radio-frequency and 
intermediate-frequency filtering, causes distortion which may significantly impair the picture quality. The most 
critical part of the system in this respect is the receiver; this must have cheap and simple filters, which may not be 
phase-corrected. In the absence o f sub-carriers for the sound signals, the most critical distortions for a colour 
picture are the differential phase and gain of the colour sub-carrier. These distortions should be taken into account 
when deriving the relationship between the frequency deviation and the equivalent rectangular bandwidth of the 
receiver. Studies made by EBU members have shown that it is possible to obtain reasonable values of the 
distortions, as mentioned in Table I I I  of Report 215, with a peak-to-peak frequency deviation of approximately 
14 M H z/V  at the reference frequency of the pre-emphasis characteristic, and a receiver bandwidth of 27 MHz. 
Studies carried out in Japan [CCIR, 1978-82a] with the 525-line M /N TSC system have shown that there are 
suitable combinations of carrier frequency deviations due to a video and a sound sub-carrier signal and the 
sub-carrier frequency deviation due to a sound signal which make it possible to obtain the required signal-to-noise 
ratios without producing a visible beat pattern and truncation noise.

4. Analogue television with several sound channels

This section describes the m odulation methods which enable several sound channels and an analogue 
picture signal to be broadcast in the same radio frequency channel.

4.1 Objectives

There will probably be a need in the future for a capability within the satellite broadcasting channel for a 
num ber of sound channels beside the picture and, if possible, for using that capability flexibly for the emission of 
high quality sound (including stereophony), multilingual commentaries and even data or sound not directly related 
to the p ic tu re ..
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The systems used for this purpose in the 12 GHz band in Regions 1 and 3 will have to meet the 
requirements laid down by WARC-BS-77 relating, inter alia, to the occupied bandwidth and interference with 
other services; similarly, the decisions of the 12 GHz broadcasting satellite planning conference for Region 2 
(RARC SAT-83) have to be followed. Furthermore, it is desirable that the standards for the sound accom panim ent 
in broadcasting by satellite and terrestrial transmitters in the long term be brought into line (see Study 
Programme 47A /10).

The sound quality should be at least as good as that attained under the single FM sub-carrier system 
mentioned in § 3 above. The following objectives may be considered lor high quality m onophonic sound:

-  audio bandwidth: 15 kHz;

-  for analogue systems, a signal-to-noise ratio for 99% of the time of at least 50 dB, and, if possible, 60 dB as 
quasi-peak value with the weighting network described in Recommendation 468;

-  for digital systems using com panding to reduce the total bit rate, a dynam ic range equivalent, for example, to
that provided by a basic analogue to digital conversion at 14 bits per sample.

It would also be useful to envisage replacing one high quality sound channel by two or three commentary 
channels having the same signal-to-noise ratio but a smaller bandwidth.

Another important objective in designing broadcasting systems for the public is the cost o f receiving 
equipment, which should be kept as low as possible. The same applies to any changes that may be required in 
cable distribution networks.

4.2 Frequency multiplexing

4.2.1 Use o f  several analogue sub-carriers

Frequency-multiplexing of several sub-carriers modulated by the sound signals results in a 
particularly economical arrangement for the receiver, at the same time needing only an insignificant or no 
increase in the width of the radio-frequency channel. However, interm odulation between the picture and 
sound signals, and between the various sound signals, may occur if the sub-carrier levels are not set 
properly within the common channel.

Regarding the technical basis o f the 12 GHz plan for Regions 1 and 3, studies carried out in 
France and the Federal Republic o f Germany [CCIR, 1978-82b and c] using the video characteristics of 
L/SECAM  and G /PA L  systems have shown that if the frequency separation between the sub-carriers is 
subject to a tight tolerance, the intermodulation products fall between the spectral lines o f the picture
signal. Tests carried out in the Federal Republic of Germany showed that the sub-carrier deviation may be
increased to ±  63 kHz, thus improving the signal-to-noise ratio while retaining compatibility with existing 
receivers. In those countries where there is no compatibility problem with existing systems, the deviation 
may even be increased to ± 1 0 0  kHz. In this last case, measurements made in France dem onstrated that
the audio signal-to-noise ratio was 50 dB (CCIR quasi-peak weighting) in the presence of video and
transmission noise. For these systems, the results o f the measurements carried out with the OTS satellite 
are given in Annex I.

In Japan a two sub-carrier sound system for the 525-line M /N TSC  system, has been studied by use 
of home receivers, with the sub-carrier frequencies at 5 and 5.5 MHz [CCIR, 1978-82d]. When the carrier 
frequency deviations by video signal and by each sound sub-carrier signal were set to be 17 MHz 
peak-to-peak and ±  1.3 MHz, respectively, and the sub-carrier deviation by sound signal was set to be 
± 7 5  kHz, the signal-to-noise ratios achieved were 38 dB for video (unweighted), 59 dB for the first 
sub-carrier sound and 58 dB for the second sub-carrier sound (r.m.s., unweighted), without producing 
visible beat pattern and truncation noise at the carrier-to-noise of 14 dB.

If a two-carrier sound system were adopted in terrestrial television, it would be desirable that the 
sub-carrier frequencies in the satellite television system should be equal to the spacings between the vision 
carrier and the sound carriers in terrestrial television.

Studies carried out in Japan have shown that a second frequency m odulated sub-carrier and pulse 
time multiplexing may be used to transm it up to six additional sound channels without increasing the 
bandwidth of the receiver [CCIR, 1974-78a].
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This section deals with the use of only one digitally modulated sub-carrier. The organization of the 
digital multiplex applicable to this case is described in Report 954. From the many possibilities, one that is 
o f special interest is that o f a single sub-carrier modulated by a digital multiplex with a bit rate of either 
approximately 700 kbit/s, 1400 kb it/s or 2100 kbit/s (i.e. the equivalent of two, four or. possibly six 
high-quality monophonic sound channels). The feasibility of this type of system has been studied and 
experiments have been conducted by the BBC [Gilchrist, 1976; Kailoway, 1976], with a sub-carrier at 6.5 
or 7 MHz, a bit rate of 700 kbit/s and four-phase PSK modulation. An analogous experiment was 
conducted in Italy, with four-phase PSK modulation of a sub-carrier at 7.5 MHz; the bit rate was 
2.048 M bit/s and continuous stream multiplexing was used [CCIR, 1978-82e]. Similar studies and tests 
were carried out in France and Sweden [CCIR, 1978-82f and g] with a sub-carrier at 6.656 MHz, a bit rate 
o f 2 M bit/s and continuous phase half-index frequency-shift keying modulation, obtained by residual 
sideband filtering of a two-phase modulation named “simplified MSK” [Amoroso and Kivett, 1977; 
Pommier and Veillard, 1979]. Theoretical and experimental studies have been undertaken by the EBU with 
a view to optimizing the modulation parameters and to provide complete specifications for this type of 
system. On the occasion of the tests carried out in France, a packet multiplexing procedure was tested.

In the United States a system is used in the FSS with a sub-carrier at 5.5 MHz and a 1.79 M bit/s 
capacity, i.e., four 15 kHz high quality audio channels, or two stereophonic pairs, or one quadraphonic 
transmission. Somewhat similar approaches are used in video/audio encryption equipment for applications 
o f satellites utilizing frequency modulation with an RF bandwidth of 36 MHz.

It should be noted, however, that the bandwidth of the baseband signal (video plus digitally 
modulated sub-carrier) may be, in certain countries, larger than the channel width provided in the 
television distribution network. This may lead to some difficulties when the signal is to be distributed in 
such networks.

Whatever may be the modulation process adopted, the sending-end and receiving-end digital 
sub-carrier filters are essential elements of the system. In the case of a single digital sub-carrier, the 
function of the sending-end filter is to limit the spectrum of the digital sub-carrier, in order to obviate any 
disturbance of the television signal. At the receiving end, the digital-demodulator filter must limit the noise 
band without introducing inter-symbol interference. In order to obtain the optimum performance, the 
sending-end and receiving-end filters cannot be designed separately. The introduction of a system having 
the optimum characteristics will therefore necessitate relatively precise characteristics for those filters, while 
seeking a simple and economical solution for the dem odulator filter.

The search for a compromise between efficiency and simplicity o f the digital dem odulator has led 
to a preliminary conclusion that the simplified MSK modulation seems attractive for broadcasting with 
digital sub-carriers. The characteristics of the system judged to be optimum following the EBU studies are 
given in Annex I, for a service objective corresponding to a bit-error ratio of 10~3 at a carrier-to-noise 
ratio of 8 dB, allowing a 2 dB margin for implementation of the receiver [CCIR, 1982-86a].

A digital sound transmission system by means of four-phase DPSK m odulation of a sub-carrier at 
5.727272 MHz was adopted in Japan for its planned operational television broadcasting by the satel­
lite BS-2. A bit rate of 2.048 M bit/s and a frequency deviation of ±3.25 MHz of the main carrier by the 
sub-carrier was selected. The specifications of this system are given in Report 1073. Experimental results 
obtained are given in Annex II o f the present Report [CCIR, 1982-86b].

The United States commercial equipment referred to above uses QPSK m odulation on the 
sub-carrier with 14-bit PCM with instantaneous companding, thus resulting in 11 bits plus sign. After 
adding parity bits at word lengths of 13 bits, the sub-carrier is injected - 1 9  dB relative to video level and 
produces a bit error ratio less than 1 x 10-6 at C /N  =  13.5 dB. Transmission quality is excellent for both 
terrestrial microwave (RF bandwidth =  20 MHz) and satellite (RF bandwidth =  36 MHz and main 
carrier peak deviation =  12 MHz) channels. Additional inform ation is given in Report 488 and 
Report 215.

4.2.2 Use o f  a digitally m odulated sub-carrier
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4.2.3 Use o f  a digitally modulated sub-carrier plus a sub-carrier with analogue FM modulation

The possibility of broadcasting simultaneously an analogue sub-carrier and a digitally modulated 
sub-carrier would make it possible, depending upon the nature of the receiver used, to offer two 
possibilities, namely: .

— the possibility, which would lead to very economical receivers, of the reception o f a television 
programme having a good quality monophonic sound channel, and

-  the possibility of access, in addition, to several complementary services, such as high-quality 
stereophonic or m onophonic sound channels, commentaries, sub-titles, teletext and additional sound 
programmes. The bit rate would have to be chosen so as to make possible at least the equivalent of 
four high-quality sound channels.

In order to attain those objectives, the analogue sound sub-carrier must make it possible to obtain 
good sound quality, while the bit rate of the digital sub-carrier must be at least 1.4 M bit/s with a bit error
ratio of less than 10-4 for a C / N  ratio greater than 10 dB.

Studies in this field carried out in France and the United Kingdom with a bandwidth of 27 MHz 
and 625-line systems, have shown that all the foregoing conditions can be met, provided that the design of
the receiver is such as to obviate any risk of disturbance of the picture by intermodulation products due to
the presence of the two sub-carriers. It is, however, to be noted that spreading the spectrum of the digital 
sub-carrier renders such beats, when they occur, less visible than those generated by two analogue 
sub-carriers.

In the case of an analogue sub-carrier and a digital sub-carrier, supplementary constraints become 
evident at the level of the digital sub-carrier filters at the sending and receiving ends. In effect, the 
sending-end filter has, in this case, to ensure the adequate protection of the analogue sub-carrier, which 
necessitates a greater reduction of the spectrum of the digital sub-carrier. Similarly, the digital dem odulator 
filter has to be narrow enough to ensure good separation between the digital sub-carrier and the analogue 
sub-carrier. For a given bit rate, these constraints render the search for a satisfactory compromise between 
the characteristics of the sending-end and receiving-end filters more difficult than in the case of a single 
digital sub-carrier.

4.3 Time-division multiplexing

The procedures for setting up a digital multiplex may be similar to those foreseen for a digitally modulated 
carrier of sub-carrier systems (see Report 954).

4.3.1 Baseband insertion o f  digital audio signals in the line-blanking interval using full-response coding

The insertion of digital audio signals in the line-blanking interval is an attractive technique because 
it enables high-quality signals to be transmitted without increasing the width of the baseband or the 
RF channel.

The use of this technique in terrestrial television is the subject o f Report 958. Certain systems are 
also described in Report 488 and in [CCIR, 1970-74a]. Report 958 states in particular in the case of 
B/PAL and M /N TSC (Japan) television systems, that there is little hope that any system employing digital 
signals in the line-blanking interval will be compatible with existing receivers, even if only half the total 
capacity of the line-blanking interval is used. Moreover, new studies are necessary in the case of other 
television systems. On account of this compatibility problem, Report 958 concludes that it will be 
necessary to introduce new types of terrestrial television receivers if it is desired to use the line-blanking 
interval to transmit up to four high-quality sound channels.
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This technique is more appropriate for satellite broadcasting where compatibility with existing 
receivers is not as critical as in the case of terrestrial television. This is because the signal processing, 
including the regeneration of the synchronizing pulses, could be performed in the converter which must in 
any case be added to television receivers. Furthermore, multipath propagation, which might cause 
impairment to the received picture when this system is used with terrestrial television, will not occur in the 
case of satellite broadcasting.

The insertion at baseband of a digital audio and data multiplex signal during the line blanking 
interval has been fully developed in the B-MAC system described in Report 1073. The instantaneous bit 
rate for the 525-line B-MAC signal is either 14.3 M bit/s using a 4-state coding technique or 7.15 M bit/s 
using a 2-state coding technique. Such 4-state and 2-state FSK modulation allows signal detection through 
a simple FM demodulator. The corresponding data transmission capacity is 1.57 M bit/s or 0.785 M bit/s 
providing for up to 3 or 6 high quality audio channels respectively and a utility data channel of 9600 bit/s 
or 4800 b it/s  protected with 5:1 majority logic. This sound and data multiplex does not require more 
bandwidth than the accompanying vision MAC signal. Australia has adopted the 625-line B-MAC system 
providing for a capacity of either 1.594 M bit/s or 0.797 M bit/s using the 4-state or 2-state coding 
respectively. This provides for up to 6 or 3 high quality audio channels respectively.

I n  b o th  v e r s i o n s  o f  th e  B-MAC f o r m a t ,  a d a p t iv e  d e l t a  m o d u la t io n  (ADM) 
w i th  a  s a m p lin g  r a t e  o f  204 kHz (13  t im e s  l i n e  f r e q u e n c y )  i s  u s e d  f o r  h ig h  
q u a l i t y  so u n d  c o d in g  to  be  a b l e  t o  f i t  th e  r e q u i r e d  num ber o f  c h a n n e l s .
R e p o r t  953 g iv e s  a  d e t a l i e d  d e s c r i p t i o n  o f  t h i s  a d a p t iv e  d e l t a  m o d u la t io n  
c o d in g ,  an d  g iv e s  r e s u l t s  o f  s u b j e c t i v e  m e a su re m e n ts  c o n d u c te d  i n  A u s t r a l i a ,  
C an ad a  an d  th e  U n i te d  S t a t e s .  R e s u l t s  show t h a t  w i th  a p p r o p r i a t e  e r r o r  
c o n c e a lm e n t  a s  d e s c r i b e d  i n  R e p o r t  1 0 7 3 , t h e  s e r v i c e  f a i l u r e  (Q = 1 .5 )  o c c u r s  a t  
a  b i t  e r r o r  r a t i o  o f  15 x 1 0 '2 . R e s u l t s  a l s o  show t h a t  i n  a  n o n - im p a i r e d  
t r a n s m i s s i o n  c h a n n e l ,  ADM w i l l  g iv e  s i m i l a r  p e r fo rm a n c e  t o  t h e  1 4 -1 0  se m i-  
i n s t a n t a n e o u s  co m p an d in g  schem e d e s c r i b e d  i n  R e p o r t  953 e x c e p t  i n  t h e  c a s e  o f  
c r i t i c a l  program m e m a t e r i a l .  I t  i s  a l s o  fo u n d  t h a t  a n  i n c r e a s e  o f  t h e  s a m p lin g  
r a t e  f o r  ADM w i l l  b r i n g  i t  c l o s e r  t o  th e  p e r fo rm a n c e  o f  th e  s e m i - i n s t a n t a n e o u s  
co m p an d in g  schem e f o r  a l l  ty p e s  o f  program m e m a t e r i a l .

This time multiplexing at baseband avoids intermodulation with the vision signal and degradation 
in threshold performance caused by the usual sound sub-carriers. It also allows for wider carrier deviation 
within the RF channel and permits the use of a simple vision FM dem odulator to recover vision, sound 
and data channels.

Tests have been carried out within the framework of the EBU on a system of this type in 
association with a PAL television signal, using an instantaneous bit rate equal to twice the colour 
sub-carrier frequency and with digital synchronization inserted in the field-blanking interval. The available 
capacity is then 1.625 M bit/s, which is equivalent to four high-quality sound channels. Taken alone, this 
system satisfies the service continuity criterion requiring a bit error ratio of 10-3 at a carrier-to-noise ratio 
o f 8 dB. However, this criterion is not satisfied if a digital sub-carrier system of the type described in 
Annex I is added in the hope of increasing the capacity to a value close to 3.5 M bit/s.

4.3.2 Baseband insertion o f  digital audio signals in the line-blanking interval using partial response coding 
(duobinary)

Two s y s te m s  c o m b in in g  MAC im age c o d in g  w i th  TDM b a s e b a n d  m u l t i p l e x i n g  
o f  th e  d i g i t a l  s i g n a l s  h a v e  b e e n  s t u d i e d  i n  E u ro p e . T h e se  s y s te m s ,  Known a s  

"D -M A C /packet an d  D 2 -M A C /p ack e t" , em ploy  b a s e b a n d  m u l t i p l e x i n g  ( ty p e  B) w i th  
d u o b in a r y  c o d in g .  F o r  t h e  D -M A C /packet s y s te m  a  g r o s s  b i t  r a t e  o f  3 .2 8  M b i t / s  i s  
o b t a i n e d  fro m  10 ps b u r s t s ,  an d  a n  in s t a n t a n e o u s  b i t  r a t e  o f  2 0 .2 5  M b i t / s .  F o r 
t h e  D 2-M A C /packet s y s te m  a  g r o s s  b i t  r a t e  o f  1 .6 4  M b i t / s  i s  o b t a i n e d  fro m  10 ps 
d i g i t a l  b u r s t s ,  a n d  a n  i n s t a n t a n e o u s  b i t  r a t e  o f  1 0 .1 2 5  M b i t / s .  F o r  b o t h  s y s te m s  
t h e  o t h e r  c o d in g  an d  m u l t i p l e x i n g  c h a r a c t e r i s t i c s  a r e  common to  t h e  s y s te m s  o f  
t h e  M A C /packet f a m i ly .
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The D -M A C /packet an d  th e  D 2-M A C /packet s y s te m  p o s s e s s e s  th e  o r i g i n a l  . 
f e a t u r e  o f  b e in g  a b l e  t o  a d a p t  to  th e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  th e  
t r a n s m i s s i o n  m e d ia . T h is  ty p e  o f  f l e x i b i l i t y  r e s u l t s  fro m  th e  TDM b a s e b a n d  
m u l t i p l e x  c o n c e p t  a s s o c i a t e d  w i th  th e  u s e  o f  a  d u o b in a r y  c o d e  f o r  th e  
t r a n s m i s s i o n  o f  t h e  d i g i t a l  s i g n a l .  The D -M A C /packet s y s te m  c o m b in e s  op tim um  u s e  
o f  th e  b r o a d c a s t i n g - s a t e l l i t e  c h a n n e l  a n d  c o m p a t i b i l i t y  w i th  c h a n n e l s  u s e d  i n  
c a b le  n e tw o rk s  o f  a t  l e a s t  12 MHz b a n d w id th . The D 2-M A C /packet s y s te m  a p p e a r s  a s  
one o f  t h e  b e s t  co m p ro m ise s  b e tw e e n  th e  optim um  u s e  o f  a  b r o a d c a s t i n g - s a t e l l i t e  
c h a n n e l  a n d  d i r e c t  c o m p a t i b i l i t y  w i th  t h e  7 o r  8 MHz b a n d w id th  c h a n n e l s  u s e d  i n  
c a b l e  n e tw o r k s .

F o r  t h e  D 2-M A C /packet s y s te m  i n  s a t e l l i t e  b r o a d c a s t i n g ,  t h e  b a s e b a n d  
s i g n a l  i s  t r a n s m i t t e d  w i th  a  b a n d w id th  o f  a t  l e a s t  8. 4  MHz. T hus a  p i c t u r e  
s i g n a l  c o m p ly in g  w i th  R e p o r t  601 d o e s  n o t  u n d e rg o  a n y  p a s s b a n d  r e d u c t i o n  a n d  th e  
d i g i t a l  s i g n a l  c a n  m e e t t h e  c o n t i n u i t y  o f  s e r v i c e  c r i t e r i o n ,  c o r r e s p o n d in g  t o  a  
b i t  e r r o r  r a t i o  o f  1 0 " 3 f o r  a  c a r r i e r - t o - n o i s e  r a t i o  o f  8 dB.

For the D-MAC/packet system in satellite broadcasting, the baseband signal 
is transmitted with a nominal bandwidth of 10 MHz. Thus a picture signal 
complying with Report 601 does not undergo any passband reduction and the 
digital signal can meet a continuity of service criterion, corresponding to 
a bit-error-ratio of 10“3 for a carrier-to-noise ratio of 8 dB when the 
appropriate passband filtering and error-reduction techniques are used in the 
receiver.

Both systems have the following other main advantages: ■

-  possibility of increasing the video bandwidth in the case of an adaptive filter dem odulator for C /N  
ratios greater than the frequency demodulation threshold (about 11 dB);

— no intermodulation between baseband signal components;

— demodulation of the entire signal by the same demodulator;

- the possibility of reducing the bit error ratio and picture impulsive 
noise by optimized filter bandwidths;

- the possibility of using digital processing of the duobinary coded signal 
to reduce the effect of bit errors;

— flexible hence evolutive organization of the multiplex as a whole.

Further advantages of the D-MAC/packet system are as follows:

- direct compatibility with all transmission channels with a 
baseband equal to or greater than 9 MHz;

- highest practical data transmission rate of 20.25 Mbit/s;

- continuous broadcasting of data at a rate of 20.25 Mbit/s by 
elementary D-MAC/packet multiplex.

Further advantages of the D2-MAC/packet system are as follows:

-  direct compatibility with all transmission channels with a baseband equal to or greater than 4.5 MHz;

-  continuous broadcasting of data at a rate of 10.125 M bit/s by elementary D 2-M A C /packet multiplex.

- with the use of a demodulator with adaptive filtering, a bit error ratio of 
10-3 can be reached for a carrier-to-noise ratio of 6.5 dB.
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I n  v ie w  o f  t h e s e  a d v a n ta g e s ,  th e  f u l l . s p e c i f i c a t i o n s  o f  t h e  
D -M A C /packet an d  D 2-M A C /packet s y s te m s  h a v e  b e e n  e s t a b l i s h e d  f o r  s a t e l l i t e  
b r o a d c a s t i n g  a t  12 GHz w i th  a  6 2 5 - l i n e  s t a n d a r d  ( s e e  R e p o r t  1 0 7 3 ) . R e p o r t  634 
g iv e s  th e  n o i s e  s e n s i t i v i t y  m e a su re m e n t d a t a  [CCIR, 1 9 8 2 -8 6 c  an d  CCIR, 1 9 8 6 -9 0 a ] ,

U.K. in d u s t r y  and b r o a d c a s t in g  l a b o r a t o r i e s  h av e  c a r r i e d  o u t
co m p reh en siv e  j o i n t  e x p e r im e n ts  on  th e  D-M AC/packet sy s te m . T hese 
e x p e r im e n ts  u sed  th e  f u l l  ra n g e  o f  m ed ia ; s a t e l l i t e ,  c a b le  and
t e r r e s t r i a l  r a d i o - r e l a y  l i n k s  and have  c o n firm e d  th e  p r a c t i c a b i l i t y  
and  -econom ics o f  r e c e i v e r  im p le m e n ta t io n . The r e s u l t s  f o r  s a t e l l i t e  
b r o a d c a s t in g  a r e  sum m arized in  Annex IV t o  th e  p r e s e n t  R e p o r t .

European industry and the CCETT Laboratories have carried out numerous joint experiments on 
the D2-M AC/packet system. These experiments were performed using numerous media: satellite, cable and
land radio-relay networks. The results for satellite broadcasting are summarized in Annex III to the
present Report.

4.3.3 Radio-frequency time-division multiplex using the line-blanking interval

The modulation is analogue (frequency modulation) during the active line period and digital during 
the line-blanking interval. This type of system offers a capacity close to 3 M bit/s (equivalent to 
eight high-quality sound channels) and it is naturally compatible with the coding of time-compressed and 
time-multiplexed image components (MAC) [Lucas and Windram, 1981]. Additional equipment is needed 
at the receiver if transcoding to existing receivers is required, but taken as a whole the receiver is not more 
complex than those needed for other systems using digital sound modulation. It is not possible to use this 
system in terrestrial television, but simple transcoding can be effected to a type B system (see § 4.3.1) of 
lower capacity for which most of the circuitry of a type C receiver is re-used.

The main properties of the radio-frequency time-multiplex system are the following:

— high capacity for digital sound and data signals with good error performance; in particular, it is 
possible to satisfy the service continuity criterion corresponding to a bit error ratio o f 10"3 for a 
carrier-to-noise ratio of 8 dB;

— potential for increased video bandwidth;

— simple video filtering;

— no degradation of the frequency dem odulation threshold;

— no intermodulation problems;

— <one-step demodulation o f the digital signal;

— iin principle, easy conversion to suit cable distribution*; and

— can be made fully compatible with continuous data transmission.

In view of these advantages, system C has been fully specified in association with a MAC picture
and a packet multiplexing system for satellite broadcasting at 12 GHz with 625-line standards (see
Report 1073). Measurements of sensitivity of interference are given in Report 634.

The EBU has conducted numerous tests with a type C system associated with a MAC television 
picture signal (see Annex V ).

For this system, preference is accorded to 2-4 PSK modulation [Duponteil, 1981] in which the 
phase shift is instantaneous and equal to 90° for each bit (before filtering), as this offers the following 
advantages:

— suitable spectrum shape and low spectrum spreading after passage through a non-linear device such as 
a satellite repeater;

* It should be noted, however, that if the full capacity is required, the bandwidth may be, in certain countries, larger than the 
channel width provided by the channelling arrangement in the cable network. This may lead to some difficulties when the 
signal is to be distributed in such networks.
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-  simple receiving equipment with good performance for differential demodulation * ; and

-  possibility of using the same FM dem odulator for vision and sound in areas of high signal strength.

5 . D i g i t a l l y  m o d u la te d  r a d i o - f r e q u e n c y  c a r r i e r

This section relates to a modulation system in which the radio-frequency carrier is directly modulated by a 
digital bit stream. It concerns the broadcasting of all signal types: sound, pictures, data, etc.

Digital encoding of television signals, as well as data-compression techniques for picture inform ation 
redundancy reduction are currently under intensive study and investigation (see Report 629). A broadcasting link 
using direct carrier modulation by the digitized video represents another alternative to analogue/FM  modulation.

Digital modulation has potential advantages over analogue/FM , including the possibility of lower satellite 
transmitter power and narrower channel bandwidth requirements if a sufficiently low bit rate can be achieved.

While this approach would be currently too expensive to implement for individual reception, the cost may 
not be prohibitive for community reception [CCIR, 1974-78b]. It is also likely that decoder hardware, once 
standardized, will show the same dramatic decrease in cost as has occurred with other digital hardware such as 
computers and calculators. .

5 .1  M o d u la t io n  t e c h n iq u e s

The type of modulation must be selected as a function of criteria such as spectrum congestion, noise and 
interference immunity. In the case of individual reception, the choice must also take into account the simplicity 
and cost of the demodulator. The modulation methods which appear to be suitable include two- or four-phase 
PSK modulation, continuous phase half-index frequency shift-keying and frequency shift-keying using the 
principles o f partial response coding. The last-named offers the advantage of a narrow power spectrum associated 
with a constant envelope [CCIR, 1978-82h and i]. Among the modulation processes of this type are included, 
notably, the half-index duobinary FSK and tamed FM processes [de Jager and Dekker, 1978], which may be 
considered as derivatives of MSK modulation, wherein the phase transitions are rendered interdependent by the 
nature of the code employed. These processes also have many features in common with the four state phase-shift 
keying with offset-streams modulation processes, such as the offset QPSK [Gronemeyer and McBride, 1976]. In 
fact, the half-index duobinary FSK and offset QPSK processes are both four-state phase-shift and offset-stream 
processes; the so-called tamed FM process, on the other hand, may be considered as half-index duobinary FSK 
modulation in which there is a higher level of correlation between the phase-transitions of the emitted signal. All 
these similarities are important, because they suggest that, at the demodulation level, there is considerable 
compatibility among these forms o f modulation. This is particularly interesting in the case o f broadcasting, 
wherein the effect of the existence of large numbers of terminals, when new systems involving different 
radio-electric constraints are being defined, is well known.

5 .2  I n t e r f e r e n c e

A c o n s t r u c t i v e  s tu d y  u s in g  d i g i t a l  t e c h n iq u e  [CCIR 1 9 7 8 -8 2 j}  Pom m ier an d  
S io h a n , 1981] g iv e s  some r e s u l t s  b a s e d  on  QPSK an d  MSK m o d u la t io n ,  w hen d i g i t a l  
m o d u la t io n  i s  u s e d  o n  a  c a r r i e r  o f  t h e  f r e q u e n c y  p l a n  o f  t h e  12 GHz b a n d  (R e g io n s  1 
and 3). One of the points studied concerns the protection of adjacent channels, which has to be ettective even m 
the presence of spread spectrum phenomena due to the non-linearities of the satellite power tube used in 
near-saturation conditions. Indeed for MSK and QPSK, the adjacent channel interference seems to be the main 
reason for the limitation of the usable bit rate.

Two distinct phenom ena affecting the analogue FM channel suffering interference must be considered 
separately:

— the first phenomenon is the impairment of the signal received above the dem odulator threshold;

-  the second phenomenon is the apparent shift of the demodulator threshold, at a given thermal noise power N, 
to higher carrier-to-noise ( C / N )  values.

* The theoretical degradation of differential demodulation as compared to coherent dem odulation corresponds to an increase 
in carrier-to-noise ratio of 1.1 dB for a given bit error ratio of 10~J.
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This study has shown that interference into the FM adjacent channels may lead to an impairment 
manifested mainly by a shift of the threshold to higher values of the carrier-to-thermal-noise ratio. The limitation 
of the bit rate due to this phenomenon depends on the tolerated increase in threshold. For a threshold increase ' 
kept down to about 0.15 dB, usable bit rates with QPSK and MSK are 26 M bit/s and 20 M bit/s respectively. If a 
greater threshold increase is accepted, for example of the order of 0.3 dB, bit rates of 34 and 27 M bit/s may be 
used with QPSK and MSK modulation respectively, these values were obtained with a receiving Filter of width 
27 MHz and conventional frequency demodulator, for the demodulation of the FM carriers suffering interference. 
Other conditions such as for example the use of demodulators with threshold extension would no doubt give very 
different results.

For both MSK and QPSK, with coherent demodulators and an equipment margin of 2 dB, a bit error 
ratio of 10~4 may be obtained for a power flux-density of -1 0 7  dB(W /m : ) with a bit rate around 21 M bit/s, at a 
receiving station figure of merit { G / T )  of 6 dB(K _1).

A r e c e n t  s tu d y  [N ew land , 1988] h a s  e s t a b l i s h e d  t h a t  w hen d i g i t a l l y  
m o d u la te d  s i g n a l s  m u tu a l ly  i n t e r f e r e ,  th e  d e g re e  of m u tu a l  i n t e r f e r e n c e  w h ic h  
may b e  t o l e r a t e d  i s  s u b s t a n t i a l l y  g r e a t e r  th a n  i s  th e  c a s e  for a n a lo g u e  s i g n a l s  
carrying broadcast-guality pictures or sound. T h e  
permissible carrier-to-interference ratio ( C / I )  depends on 
the method of modulation and error-correction coding (if 
any) . There is also scope for trade-off between C /N  and C / I  
in t h e  overall link budget. Further information is given in 
Report 634.

5 .3  A d v an ced  m o d u la t io n  an d  c o d in g  m e th o d s

M odern t r e n d s  i n  d i g i t a l  c o m m u n ic a tio n  b y  s a t e l l i t e  u s e  f o r w a r d  e r r o r - 
c o r r e c t i o n  (FEC) b y  c o n c a t e n a t i o n  o f  b lo c k  c o d e s  an d  c o n v o l u t i o n a l  c o d e s  o r  
t r e l l i s  m o d u la t io n .  S o f t  d e c i s i o n  V i t e r b i  d e c o d in g  i s  u s e d  i n  t h e  r e c e i v e r .
H ig h  c o d in g  g a in s  a r e  a c h i e v a b l e ,  a l lo w in g  a  r e d u c t i o n  o f  s a t e l l i t e  p o w er an d  
t h e  s e r v i c e  o u ta g e  t im e s .  The h a rd w a re  im p le m e n ta t io n  o f  t h e s e  t e c h n iq u e s  a t  
h ig h  b i t - r a t e s  ( e . g .  140 M b i t / s )  h a s  p r o v id e d  r e c e n t l y  a n  a d e q u a te  s o l u t i o n s  f o r  
p r o f e s s i o n a l  a p p l i c a t i o n s .  A c o m p a r is o n  o f  th e  p e r fo rm a n c e  o f  some d i g i t a l  
s y s te m s  f o r  s a t e l l i t e  t r a n s m i s s i o n  i s  g iv e n  i n  T a b le  [ I  ] .  The Eb/No v a l u e s  h a v e  
b e e n  o b t a i n e d  b y  c o m p u te r  s i m u l a t i o n s  an d  l a b o r a t o r y  t e s t s  [ C o m in e t t i  an d  
M o r e l lo ,  1989] an d  fro m  th e  e x i s t i n g  l i t e r a t u r e  [S eo  an d  F e h e r ,  1 9 8 8 ] . 
C o n v o lu t io n a l  a n d  t r e l l i s  c o d in g  sch em es o f f e r  h ig h  c o d in g  g a i n s .  H ow ever, to  
ov erco m e t h e  e f f e c t  o f  e r r o r  b u r s t s  a t  t h e  o u tp u t  o f  t h e  V i t e r b i  d e c o d e r ,  
i n t e r l e a v e d  BCH c o d e  o r  R eed  Solom on c o d e  may b e  u s e d .
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TABLE I - Performance of some modulation and coding systems via satellite

Syscem Mxl.ilar.icn FEC 1 FEC 2
Eb/No 
AT B .E .R . 
o f  lO *8

RELATIVE SHEDW
J&KlUEKX (fy

1 QPSK - - 15 . 7 100

2 QPSK BCH(255 , 239,2) - 11.2 94

3 QPSK CONVOL . 3/4 BCH(255,239,2) 7.4 70

4 QPSK CONVOL . 1/2 BCH(255,239,2) 6  . 2 47

5 8PSK BCH(255 , 239 , 2) - 16.4 141

6 8PSK TRELLIS 2/3 BCH(255,239,2) 8.2 94

7 16SQAM BCH(255 , 239,2) - 16 . 0 187

8 16SQAM TRELLIS 3/4 BCH(255,239,2) 12. 1 141

6 . O th e r  c o n s i d e r a t i o n

6 .1  F o rm u la e  g o v e r n in g  m o d u la t io n  p e r fo rm a n c e  f o r  a n a lo g u e  TV a n d  a u d io  
s i g n a l s

6 . 1 . 1  V id e o  m o d u la t io n  o n ly  

In a frequency-modulation system:

S/N = C/N  + FdB + K

where:

S/N: 
C/N : 
F :
Dp.p:

A ­
b:  

kw:

ratio of peak-to-peak luminance am plitude to weighted r.m.s. noise (dB) 

pre-detection carrier-to-noise ratio in the radio-frequency bandwidth (dB)

3(Dp.p/ f v)2 • ( b / 2 f v) (power ratio which equals FdB, when expressed in dB) 

peak-to-peak deviation by video signal (including synchronization pulses) 

highest video frequency; (e.g. 4.2 MHz in the case of System M) 

radio-frequency bandwidth (usually taken as Dp.p + 2 f v)

combined de-emphasis and weighting improvement factor in frequency m odulation systems (dB) 
(see Table I I )  .

6 . 1.2 A u d io  m o d u la t io n  o n ly  ( lo w  l e v e l  a u d io  FM s u b - c a r r i e r s )

The unweighted signal-to-noise ratio of accompanying audio channels, which consist o f FM sub-carriers 
located above the video baseband, is determined by the following equation:

s/w.-.oto, [1 ( i ) ( A)  (A)]  + ( £ ) + *
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where:

S / N a : audio channel r.m.s. signal to r.m.s. noise ratio (dB);

Ds : peak deviation of the main carrier by the sub-carrier (MHz); '

Da : peak deviation of the sub-carrier by the audio (MHz);

,fs : frequency of the sub-carrier (MHz); .

f a : highest audio frequency (MHz);

C / N :  pre-detection carrier-to-noise ratio (dB);

k a : combined improvement factor due to pre- and de-emphasis for the audio channel (dB). (See
CM TT Report 496, Table II, for improvement factors corresponding to various audio channel 
baseband bandwidths); _

.b pre-detection RF bandwidth (MHz) defined by equation (1) of § 6 . 1 . 3 .

6 . 1 . 3 C om bined v id e o  an d  a u d io  ( lo w  l e v e l  FM s u b - c a r r i e r )  m o d u la t io n

Combined video and audio FM sub-carrier signals form a composite baseband signal as illustrated in 
Fig. 5. The required RF bandwidth is approxim ated by the following equation:

b  =  Dbp.p +  2ft, (1)

where is the peak-to-peak deviation of the carrier by the composite baseband signal.

It is not certain how the deviation of a high level video signal should be combined with the individual 
deviations of a multiplicity of low-level audio signals. Further study and measurements are required on this 
subject especially on the effect o f additional deviation caused by the multiple sound sub-carriers on the video 
performance.

However it can be assumed for practical purposes that the overall peak-to-peak deviation can be 
approxim ated by the peak-to-peak deviation due to the video signal only, provided the individual deviations of 
the few audio channels are small in comparison, thus:

A , (2)

Video (System M)

4.2 •4, ?S2 3
Composite baseband

h

MHz

FIGURE 5 -  Composite video and multiple FM sub-carrier baseband

DOC\10-11S\1012E.TXS
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results in^e^foHowing equation for dufw^ghted'^M eo1si^gna^to-nois^raUo?11 § 6’ - - 1’ con* in in « co n stan ts .

i  = ,° 108 ( ( x- ' ) 2 + 1 + * ' + *-8

where:

ke : combined noise weighting and pre-emphasis advantage (e.g. 12.8 dB for System M /Canada, United 
States).

This equation can be used to estimate the effect of multiple audio FM sub-carriers on the signal-to-noise 
ratio of the video signal in FM transmission systems operating above threshold.

TABLE I I . -  Video-frequency noise weighting-network reduction factor fo r  monochrome television

Weighting (dB) Weighting including 
de-emphasis, k w (dB)

System Triangular
noiseWhite noise Triangular noise

B, C, E, F, G, H and M (Japan) 8.5 16.3 16.3
D, K, L , 9.3 17.8 18.1
I 6.5 12.3 12.9
M (Canada, USA) (i) 6.8 10.2 13.8

(l) Weighting factors for 525-lines System M (Canada, USA) are based on Recommendation 567. (Values according to Report 637).

Note -  When using pre-emphasis according to Recommendation 405, the combined effect of weighting and de-emphasis for triangular noise 
is approximately the same as that of weighting alone. More details are given in Report 637.

6 .2  A n a lo g u e  co m p o n e n t TV s i g n a l s

Future television receivers are expected to have an input socket for component signals (Y, U, V or R, G, B)  
and it may be possible to exploit this feature by transmitting the signal in component form. This could have 
important advantages in the future development of systems.

Analogue component TV signals are the subject of Report 1073.
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ANNEX I

STUDIES AND TESTS C A R R IED  OUT BY THE EBU ON 
BROADCASTING OF SEVERAL SOUND CHANNELS WITH A 

625-LINE ANALOGUE TELEVISION SIGNAL USING ONE OR TWO SUB-CARRIERS

1. Television with two analogue sub-carriers

Tests carried out in France and Germany using the video characteristics of L/SECAM  and G /PA L  
television systems (625 lines) with the following parameters:

-  Sub-carrier frequencies:

-  Frequency deviation of sub-carrier;

-  Carrier deviation by the picture signal:

-  Deviation of the carrier by each of the sub-carriers:

5.5 MHz and 5.75 MHz 

±  63 kHz,

14 M Hz/V,

±  2.8 MHz.

TABLE 111 -  Typical measurement results

Weighted S /N Weighted quasi-peak S /N Weighted quasi-peak S /N
C /N picture channel 1st sound channel 2nd sound channel

(5.5 MHz) (5.75 MHz)
(dB) (dB) <dB) (dB)

14 44 45.8 47.8
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Similar measurements have shown that, with a ± 1 0 0  kHz peak-to-peak deviation o f each of the 
sub-carriers, the weighted quasi-peak signal-to-noise ratio may attain 50 dB in each of the sound channels, with a 
carrier-to-noise ratio of 14 dB.

The conclusion of the tests carried out in France is that the satellite broadcasting o f a TV signal 
accompanied by two high quality analogue sound signals in a 27 MHz channel is possible provided that the 
receivers’ IF filters are within certain group-delay range and have a peak-to-peak tolerance of the order o f 16 ns. 
Under these conditions, the picture is very slightly disturbed by the presence of two sound-sub-carriers and the 
CCIR-weighted quasi-peak sound signal-to-noise ratio may attain the value of 50 dB.

2. Television with a digitally-m odulated sub-carrier (Type A System)

The EBU studies on this type of system have led to consideration of the following characteristics as being 
optimum in the case of 625-line television standards:

2.1 Basic assumptions

2.1.1 Modulation characteristics applicable to 625-line television systems in a 27 M Hz satellite channel
-  transmitted video bandwidth 6 MHz*

-  carrier deviation produced by
1 V of video signal**: 13.5 MHz

-  pre-emphasis for PAL and SECAM according to Recommendation 405

-  energy dispersal 600 kHz (related to field rate)

2.1.2 Bit error ratio corresponding to the continuity limit o f  the sound services: 10~3

2.1.3 C /N  ratio corresponding to the continuity limit o f  the sound services: 8 dB (27 MHz)

2.1.4 Bit-rate: a multiple of the sampling frequency o f 32 kHz (in accordance with the recommendation 
proposed by the EBU and given in Report 953)

2.2 Characteristics o f  the digitally-modulated sub-carrier

2.2.1 Type o f  modulation: vestigial sideband two-state phase-shift keying (VSB-2-PSK) with transmission 
of the upper sideband and coherent demodulation

2.2.2 Bit rate: 2.048 Mbit/s***

The stability of the broadcast binary signal should ensure:
-  long-term clock-frequency stability of 10-6,
-  maximum clock jitter of 5 ns r.m.s.

2.2.3 Sub-carrier frequency****

The frequency of the original carrier of the 2-PSK m odulation ( / )  is 6.5 MHz (6.5 MHz =  416 
times the television line frequency).

The long-term stability of this carrier frequency./; should be at least 10-6.

The centre frequency of the transmitted spectrum of the sub-carrier signal (f 0) is 7-012 MHz, i.e.:

7 048
7.012 MHz =  6.5 MHz +  MHz

4

* This value permits the use of a version of the image component coding system using time-compression and time- 
multiplexing.

** The deviation quoted is for a 1 V peak-to-peak sinusoidal signal at a frequency of 1.52 MHz.
*** This value corresponds to five or six high-quality sound channels, depending on the type of multiplexing used.
**** The description of the modulated sub-carrier requires that two parameters be defined: the frequency of the original carrier 

of the 2-PSK modulation/, and the centre frequency /  of the spectrum obtained after vestigial sideband filtering.
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2.2.4 Deviation o f  the main carrier by the digitally-modulated sub-carrier: 2.5 MHz r.m.s.

2.2.5 Coding between the binary signal and the digitally-modulated sub-carrier

An absolute code is used between the binary signal and the two-state phase modulation (this code 
requires the use of an ambiguity resolution device in the demodulator).

2.3 Experimental results

The following is a summary of the results of numerous tests that have been done with the type A system 
described above, used in conjunction with a SECAM vision signal and a packet multiplex of 5 high-quality audio 
channels (coded with near-instantaneous companding and with error-protection using one parity bit covering the 
5 most significant bits of each sample).

2.3.1 Bit error ratio: see Fig. 2 below.

FIGURE 2 -  typical values o f bit error ratio (BER) 
with a video signal carrying 75 % colour bars

. theoretical characteristic (Gaussian white noise)

. typical measured characteristic
(from laboratory experiments and experiments 
with OTS)
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Subjective tests have been conducted with a group of 37 observers; they used the single stimulus 
method for the vision and conformed to the provisions of Recommendation 562 for the sound. The 
laboratory measuring apparatus included a satellite simulator with a non-linear element. The pictures were 
derived from EBU test slides. The sound was evaluated independently of the vision, using two musical 
extracts considered to be sensitive to faults and errors in digital systems (a Haydn trumpet solo and 
Japanese theatre music). The results are shown in Fig. 3 on the 5-grade quality scale. It will be seen that 
the best vision quality was 0.65 grade below the quality provided by the 4:2:2 digital television standard of 
Recommendation 601.

2.3.2 Vision and sound quality

2 4 6 8 10 12 14 16 18 20 22

C//V(dB)

FIGURE 3 -  Quality as a function o f  C /N  ratio fo r  the A /SEC AM  system (37 observers)

* The EBU experts involved in the relevant subjective tests are of the opinion that the degradation of Japanese music at 
carrier-to-noise ratios above 8 dB with reference to Haydn music was due to an overload of the A /D  converter at the 
modulation input.

2.3.3 Vision and sound failure points

Taking the failure point to correspond to quality grade 1.5, subjective tests in which the vision and 
sound programmes were presented simultaneously, and were obtained using guitarists in the studio gave 
the following results in terms of carrier-to-noise ratio.

Vision
Normal demodulator: 5 dB 
Threshold-extension demodulator: 4 dB

Sound: 4 dB

It should be noted that differences from results given in Fig. 3 are due to the test methodology and 
evaluation criteria.
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ANNEX II

EXPERIM ENTAL RESULTS FOR THE DIGITAL SUB-CARRIER SVSTEM 
IN TEN D ED  FOR USE WITH TELEVISION SYSTEM M (JAPAN)

Picture quality 
in a 5 grade scale 

(test slide)

C /N  (27 MHz bandwidth) (dB)

Relation between bit error ratio and C /N  fo r  the digitally-modulated sound 
sub-carrier system

Maximum video signal frequency: 4.5 MHz
Frequency deviation of main carrier by video signal: 17 MHz peak-to-peak 
Sub-carrier frequency: 5.727272 MHz 
Frequency deviation of main carrier by sub-carrier: ± 3.25 MHz 
Transmission bit rate : 2.048 Mbit/s

---------------------- C /N  versus bit error ratio
A theoretical value (Nyquist)
B experimental value, without error correction and interpolation 
C experimental value, with error correction and interpolation

—  —  —  —  bit error ratio when the subjective quality of sound is equal to that of picture (with 
14/10 bits near-instantaneous companding)
F test slide (woman/sea-side)
G colour bar

D degradation from theoretical value to experimental value 
E improvement of bit error ratio by error correction and interpolation technique 
p bit error ratio of 4 x 10 ~3 corresponding to grade 1.5 on a 5 grade scale without error correction and 

interpolation .
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ANNEX III

EXPERIM ENTAL RESULTS FOR THE TDM BASEBAND 
M U LTIPLEXING SYSTEM

. “ D 2-M AC/packet” (type B system using duobinary coding) .

This Annex summarizes the results of numerous laboratory tests carried out in France with broadcasting- 
satellite simulation equipment having the following characteristics:

— input filter (including the earth-station transmitting filter, assuming linear mode operation):
— — 3 dB bandwidth 34 MHz

— parabolic distortion of group-delay time
in 27 MHz bandwidth 20 ns

— TWT amplitude-phase conversion 5°/dB
The output filter, with a width of 50 MHz, introduces no measurable distortion in the signal.

— the frequency dem odulator is o f a conventional or threshold-extension type.

1. Bit error ratio  ~

In view of the precoding effected on transmission (modulo 2 division of the binary signal by the 
duobinary code (1 + 2 ) generating polynomial), the bit errors are independent.

The curves of Fig. 4 show the error rate measured by means of the simulation model, where:

Curve A: conventional frequency modulator,

Curve B: adaptive filter threshold-extension frequency demodulator. ~
The principle of the threshold-extension frequency dem odulator used for these tests is shown in Fig. 5. _

With the device as described, the IF filter retains a bandwidth of 27 MHz for carrier-to-noise ratios higher than 
11 dB, a value which corresponds to the frequency demodulation threshold. Below 11 dB, the IF filter bandwidth 
is gradually reduced to about 14 MHz.

Tests performed in similar conditions in the United Kingdom, i.e., with two IF bandwidths, provide results - 
which corroborate those of Fig. 4.

F u r th e r  im provem ents o f  a b o u t 0 .5  dB may be o b ta in e d  by th e  u se  o f  th e  
V i t e r b i  d e c o d e r  [ A la r d ,  1986 a an d  b : J a n k o w ia k , L am nabh i an d  .
A r r a e o n .  1985J .

2. Sound and picture quality with the D 2-M A C /packet system

Subjective tests have been carried out in France by observer groups consisting mostly of experts. These “
tests, together with the common features of the C-M A C/packet and D 2-M AC/packet systems described below,
were used to plot the sound and picture quality curves. To avoid a proliferation of data, the results given are
confined, for the D2 system, to the quality curves corresponding to those o f Annex V for the C-MAC system. -

2.1 Description o f  features common to the C-M AC/packet and D2- M AC /packet systems

— Picture: The two systems are identical with regard to picture transmission:
— same coding,
— same pre-emphasis,
— same frequency deviation,
— same energy dispersion.

Hence any quality differences in the picture signal can derive only from differences in the behaviour of the 
frequency demodulator.

— Sound: The two systems differ only with regard to bit rate, digital signal coding and modulation
characteristics. However, in view of the interlacing of bits and error distribution, the test results established
that the same error rate for the two systems provides the same sound quality for a given coding law and a
given level of protection.

2.2 Conventional demodulator

The curves of picture and sound quality, quasi-instantaneous coding and parity bit protection with a 
conventional frequency dem odulator are given in Fig. 6.
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The picture and sound quality is given in Fig. 7 for an adaptive filter threshold-extension frequency 
demodulator. The sound is quasi-instantaneously coded with a parity bit for error protection.

2.3 Threshold-extension dem odulator

0 1 2 3 4 5 6 7 8 9 10 11 12

C/N  (27 MHz (dB)

FIGURE 4 -  Bit error ratio measured using the satellite simulator
-  bit rate: 10.125 Mbit/s
-  modulation: duobinary FM -

Curves A: conventional demodulation
B: adaptive filter threshold-extension demodulator
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FIGURE 5 -  Principle o f a threshold-extension demodulator based on progressive bandwidth reduction o f  the IF  filter when the 
carrier-to-noise ratio reaches the frequency demodulation threshold (II dB)

2 4 6 8 10 12 14 16 18 20 22
C/iV(dB)

FIGURE 6 -  Picture and sound quality as a function o f the carrier-to-noise ratio fo r  a conventional demodulator

  1 sound (quasi-instantaneous coding and protection by parity bit)

—    picture
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2 4 6 8 10 12 14 16 18 20 22
CVTV(dB)

FIGURE 7 -  Picture and sound quality as a function o f  the carrier-to-noise ratio fo r  an adaptive fd ter improved
threshold demodulator (see Fig. 5)

——  sound (quasi-instantaneous coding and protection by parity bit)

—  picture

REFERENCES

ALARD, M. [ l9 8 6 a ]  -  D em od u la tio n  d 'u n  s i g n a l  d u o b in a i r e  s e lo n  I 'a l g o r i t h m e  de
V i t e r b i  (CCETT d o c . -  r e f .  MDD/RDT/135/86/MA).

ALARD, M. [1986b] -  D i s t r i b u t i o n  e t  d i f f u s i o n  t e r r e s t r e  en D2-M AC/paquets
(P ap e r p r e s e n te d  a t  th e  T h i r d  L ie g e  C o n fe re n c e  on New S y s te m s  .an d  S e r v i c e s  in
T e le c o m m u n ic a t io n s ,  N o r th  H o l la n d ,  1 9 8 7 .)

JANKOWIAK, G . , LAMNABHI, M. and ARRAGON, J . P .  £ "1 9 8 5 ,7  ~ T ra n s m is s io n  s u r  re s e a u x  
c a b le s  d es  s ig n a u x  n u m eriq u es  de l a  f a m i l l e  X-M AC/paquets (ACTA E l e c t r o n i c s  R eview , 
v o l . . 27, No. 1 -2 , 1 9 8 5 ).

ANNEX IV

EXPERIMENTAL RESULTS FOR THE TDM BASEBAND 
MULTIPLEXING SYSTEM

"D-MAC/packet" (type B system using duobinary modulation)
1. Introduction

This Annex summarizes the results of laboratory tests carried out in 
the U.K. with satellite channel simulation equipment (Priestman and 
O’Neill, 1987 and Beech 1987) and in a linear channel (Clark, 1987).

The characteristics of the satellite channel simulation equipment 
were as follows (see Stickland and Barber 198H):
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Satellite Input Filter 
3 dB bandwidth : 36 MHz 
20 dB bandwidth : 44 MHz
Group delay : 5 ns at centre frequency * 13-5 MHz

Satellite Output Filter 
3 dB bandwidth : 38 MHz
20 dB bandwidth : 52 MHz . . . .
Group delay : 8 ns at centre frequency 13-5 MHz

Satellite TWT Amplifier ,

AM to PM factor: 5.5 degrees/dB. This is the measured figure and is typical 
of TWTs used in high power satellite broadcasting applications. The ' "
TWT was operated at saturation. (The specified figure is 5 degrees/dB).

The AM to PM factor is not significant for the data component of 
the D-MAC/packet system. Tne transmitted frequency modulated data 
component has an essentially constant envelope and there is only a 
very small amount of energy outside the passband of the typical direct 
broadcasting satellite input multiplexing filter. Hence the signal at 
the input of the travelling wave tube has essentially constant 
amplitude.

The feeder link transmitter was a nominally 1.5kW klystron operated 
at about 1kW output power.

No thermal noise was added on the feeder link.
2. Bit error ratio
The curves of Figure 8 show the bit error ratios obtained for 
various transmission conditions.

Curves C and B apply for a linear channel and with 27 MHz and 21 
MHz bandwidth IF filters,respectively. It can be seen that the 21 MHz 
bandwidth IF filter provides about 1 dB performance improvement at 
10"3 bit error ratio. Such a filter bandwidth is compatible with low 
distortion MAC vision transmission and also provides about 1 dB 
frequency modulation threshold extension improvement for the vision 
signal compared to a 27 MHz bandwidth IF filter. Curve A applies to 
the simulated satellite channel and a 27 MHz bandwidth IF filter.

Further improvements in performance can be obtained using maximum 
likelihood decoding tecnnques (the Viterbi algorithm). Figure 8, 
curves D and E, relate to a receiver employing such techniques with a 21 
MHz IF filter in a linear channel and via the satellite simulator 
respectively. The carrier to noise ratio for 10“3 bit error ratio is 8 
dB. Thereforej using such techniques, the continuity of service 
criuer-cn of 10 3 bi^ error ratio for 8 dB carrier to noise ratio is 
satisfied. Tne degradation due to the satellite channel is negligible.
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C/N r a t i o  (dB) in  27 MHz p a ssb a n d  

FIGURE 8

B it  e r r o r  r a t i o  p e rfo rm a n c e  o f th e  D-M AC/packet sy stem  
u s in g  fre q u e n c y  m o d u la tio n

A3
C
D:
E:

Simulated satellite channel 27 MHz )Linear channel 21 MHz ) nornal decoding
Linear channel 27 MHz )
Linear channel 21 MHz ) Viterbi codingc - i 2.11e channel 21 MHz )
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Table IV indicates the results of measurements of multiple tit 
errors for the D-MAC/packet system using normal decoding in a 
linear channel (Clark, 1987). Tne double-, triple- and higher-order bit 
error ratios are small compared to the total bit error ratio. The result 
of de-interleaving these errors in the D-MAC/packet receiver is to 
distribute the individual bit errors through the data multiplex such 
that the output data contains predominately .isolated single bit 
errors.

TABLE IV - Multiple bit error parameters for the D-MAC/packet 
system using frequency modulation

Receiver IF
filter bandwidth

R(1)=BER R(2) R(3) R(U)

27 MHz 3-2 x 10-3 2.9 x 10"4 1.2 x 10"5 4.8 x 10"7
20 MHz 1.3 x 10“3 5.3 x 10"5 1.8 x 10"6 4.9 x 10"8

Carrier-to-noise power ratio : 8.5 dB in 27 MHz bandwidth.
(Measurement performed in a linear channel.)

R/ -v rate of occurrence of a group of n consecutive bit errors (events/s) 
“ data rate (bits/s)

3. Sound and picture quality of the D-MAC/packet system
3.1 Sound

Resulting from the de-interleaving process used in the MAC/packet 
systems,the sound channel performance is dependent only on the channel 
bit error ratio. Therefore it is possible to use the results applying 
to the C-MAC/packet system for the sound quality of the different 
MAC/"packet sound coding options, scaled appropriately for the 
carrier-to-noise ratio differences between the C-MAC/packet system and 
the D-MAC/packet system.

Using the Viterbi decoding algorithm, the sound quality of the 
D-MAC/packet system is equal to that of the C-MAC/packet system at 
carrier-to-noise ratios equal to or greater than 6 dB.

Tnus,receivers for the D-MAC/packet system using the Viterbi decoding 
algorithm can satisfy the service criterion for the 
MAC/packet family of systems.

3.2 Picture
•Tne picture coding and modulation for the D-MAC/packet system are 

identical to those of the other members of the MAC/packet family. 
Hence the picture quality is identical to that of the C-MAC/packet 
and D2-MAC/packet systems described in the Annexes to this report. The 
baseband frequency response of the D-MAC/packet system is shown in
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F ig u r e  9 f o r  th e  c a se  o f a  r e c e i v e r  b aseb an d  f i l t e r  o f  8 .4  MHz. I t
w i l l  be n o te d  t h a t ,  in  th e  c a s e  o f  a 21 MHz f i l t e r ,  t h e r e  i s  a sm a ll
d e g ra d a t io n  o f th e  h ig h  fre q u e n c y  r e s p o n s e . H ow ever, t h i s  i s  l im i te d  
to  l e s s  th a n  0 .5  dB r e d u c t io n  in  th e  w o rs t c a se  e n c o u n te re d  w ith
ty p ic a l  v i s io n  s ig n a l s  c o r re s p o n d in g  to  -3  dB r e l a t i v e  to  1 V p . _p .
The u se  o f a 27 MHz f i l t e r  w i l l  p e rm it  an  in c r e a s e d  sy s tem  b a n d w id th .

FIGURE 9

B aseband f re q u e n c y  r e s p o n s e  o f  th e  D-M AC/packet eq u ip m en t 
u s in g  two d i f f e r e n t  c h a n n e l f i l t e r s  and an

8 .4  MHz b aseb an d  f i l t e r  in  th e  r e c e i v e r
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ANNEX V

EXPERIMENTAL RESULTS CONCERNING THE 
RF TIME-MULTIPLEX SYSTEM (TYPE C SYSTEM)

The following summarizes the results of numerous tests conducted by the EBU, both in the laboratory and 
with the use of the OTS satellite, on the type C system, operated in conjunction with a MAC vision signal and in 
the case of either a continuous structure-map multiplex or a packet multiplex.

1. Bit error ratio

See Figs. 10 and 11 below and Table V.

TABLE V -  typical measured BER versus C /N fo r  different demodulation methods o f  2-4-PSK

C /N  in 27 MHz for BER of 10"3 
(dB)

T  demodulation
i.e. conventional differential demodulator 7.9

T  + 2 T  demodulation
i.e. “Masamura” demodulator (i) 7.3

Coherent demodulation 
(continuous data only) 7.1

(*) The “Masamura” demodulator [Masamura e t al., 1979] gives a result which approaches that of a coherent demodulator and can achieve 
this performance in burst mode.
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C /N  (27 MHz bandwidth) (dB)

FIGURE 10 -  Typical BER as measured in the case o f  transmission 
via the OTS satellite and various satellite simulators

Bit ra te : 20.25 Mbit/s .
2-4 PSK differential demodulation
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FIGURE 11 -  Double-error rate versus overall bit error ratio

A: independent errors (theoretical: P 2)
B: measured for 2-4-PSK with differential demodulation using 

analogue delay line and multiplier
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Subjective tests have been conducted with a group of observers (see § 2.3.2 of Annex I).

The sound tests have been carried out with conventional differential demodulation of the 2-4-PSK signal, 
but with different coding laws, multiplexing systems and protection levels. Two combinations of these different 
aspects have been the subject of subjective assessments in accordance with Recommendation 562. These results 
were obtained on different occasions, 37 observers being present for combination 1 and 15 observers for 
combination 2. To aid comparison between F ig . 12 and F ig s .  13a and 13b below, the same bit error ratio was 
used.

Combination 1: Structure map multiplex used in conjunction with a near-instantaneous companding law,
Hamming code protection and transmission of the scale factor within the parity bits. Because of the error
protection technique used, the capacity of this combination was reduced from eight to six 15 kHz sound channels.

Combination 2: Packet multiplex as defined in Report 1073 using near-instantaneous companding law with parity 
protection (first level) and with Hamming code protection (second level). Linear coding using parity protection
(first level) and with Hamming code protection (second level). The capacity for 15 kHz sound channels ranges
from eight channels in the case of near-instantaneous companding law first level protection to four channels in the 
case of linear coding with second level protection. In the case of near-instantaneous companded second level 
protection and in the case of linear coding first level protection, the capacity is six channels.

The corresponding results expressed using the 5 grade quality scale are shown in F ig . 12 for combination 1 
and in F ig s .  13a  an d  13b f o r  c o m b in a t io n  2 .

It can be seen from Fig. 12 that the best vision quality is such that the C-MAC system may be considered 
as “transparent” to the 4:2:2 standard of Recommendation 601. From F ig s .  13a and 13b it can be seen that all 
four high quality sound coding options of the C-MAC/packet system approach the reference grade (>4.8) above
9.5 dB C/N.

2. Vision and sound quality for the C-MAC system

3. Vision and sound failure points
For combination 1 and for the near-instantaneous companding law of combination 2 described in § 2, 

subjective tests in which the vision and the sound elements of the programme were presented simultaneously have 
been conducted in order to define the relative failure points of sound and vision.

The programme consisted of a transmission of a musical composition played by a guitar.

The following values for the C/N  ratio at the failure points (quality grade 1.5) were obtained:

Combination I: Vision
-  Normal demodulator: 4 dB
-  Threshold-extension demodulator: 4 dB

Sound: 4 dB

Combination 2: Vision
-  Normal demodulator: 3 dB
-  Threshold-extension demodulator: 2 dB

Sound: 4.5 dB

The differences from the results presented in § 2 (*Tsa - 12 and 13) are due to the differences in the 
assessment methods and evaluation criteria used.

4. Limit of speech intelligibility
For combination 2 the limit of intelligibility of speech was assessed with simultaneous presentation of 

vision and sound. A figure of 3 dB was obtained for that limit.
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2 4 6 8 10 12 14 16 18 20 22

C /N  (dB)

FIGURE 12 ~ Quality as a function o f the C /N  ratio fo r  combination l  (37 observers}
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Beethoven Piano

C /N (  dB)

Key -  A companded first level -  protected 
B linear first level -  protected 
C companded second level -  protected 
D linear second level -  protected

* For the same bit error ratio, these results could also be valid for the D2-MAC/packet system which uses the 
same coding law and the same error protection as the C-MAC/packet system. The relation between bit error ratio 
and C /N  is shown in Fig. 8 o f Annex IV for the C-MAC/packet system and in Fig. 4 of Annex III for the 
D2-MAC/packet system.
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DIGITAL CODING FOR THE EMISSION OF HIGH-QUALITY 
SOUND SIGNALS IN SATELLITE BROADCASTING

(15  kHz NOMINAL BANDWIDTH)

( Q u e s t io n  2 /1 0  a n d  1 1 , S tu d y  P rogram m es 5 1 C /1 0 , 2 F /1 0  a n d  11)

(1982-1986-1990)

1. Introduction
Technological developments presently allow the emission of digitally encoded audio signals to the public 

to be envisaged. It would be possible in particular to introduce this technique in the broadcasting-satellite service. 
This will require the prior definition of characteristics concerning coding, multiplexing and modulation of audio 
signals. This Report is concerned only with digital sound coding. Multiplexing, bit-error protection strategy and 
modulation aspects are discussed in Reports 954 and 632 respectively. Information dealing with methods of error 
correction or concealment can be found in Report 1073.

Study Programme 51C/10 considers that the introduction of digital techniques for emission should allow 
an improvement in the quality of the signals transmitted. Recommendation 651 deals with digital PCM coding. 
R e s u l t s  o f  o b j e c t i v e  a n d  s u b j e c t i v e  t e s t s  a r e  g iv e n  i n  A nnex I I  o f  t h e  p r e s e n t  
R e p o r t .

O th e r  c o d in g  m e th o d s  l e a d i n g  to  a  s u b s t a n t i a l  b i t  r a t e  r e d u c t i o n  a n d  a t  t h e  
sam e t im e  m a i n t a i n i n g  v e r y  h ig h  q u a l i t y  a r e  d e s c r i b e d  i n  R e p o r t  1199 .

In addition to the improvement pf quality, the following should be considered:
— the compromises between quality objectives and bit rate may be different for sound services which may have 

various quality requirements and planning constraints; they may also vary according to the requirements of 
individual countries;

— there are clear advantages for broadcasters, receiver manufacturers and the public in using a single standard 
for each application.

2. Digital PCMi coding
2.1 Linear coding

The audio signal is encoded into digital form by a high precision analogue-to-digital converter after being 
passed through an appropriate anti-aliasing filter and possibly through a pre-emphasis network. The uniform 
coding resulting from this process leads to a linear representation with a minimum of 14 bits per sample. In that
case, a 2’s complement coding is used for each sample. A possible scale factor can possibly be associated with
blocks of successive samples.

2.2 Floating point or near-instantaneous coding

A 16 bit linearly encoded sound signal can be transmitted on 14 bits per sample using a floating point 
coding system where the scale factor is based on 64 consecutive samples. Pre-emphasis may or may not be used.

When a lower bit rate per audio channel is required, the near-instantaneous companding allows for a 
reduction in the number of bits per sample from 14 bits to 10 bits. This companding is applied on blocks of 
32 successive samples with a complementary scale factor on five ranges. A 2’s complement representation is still 
used for each sample. In that case, the use of pre-emphasis is recommended to reduce the programme modulated 
noise. '

* This Report should be brought to  th e  a t te n t io n  o f  the  CMTT.
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2.3 D i f f e r e n c i a l  c o d in g

Differential coding is another technique to achieve -a lower 
bit rate per audio channel by making use of the fact that, in most 
programme material, correlation between two consecutive samples is 
high. In this case, the difference between successive samples will 
generally be smaller than the actual sample values. By coding the 
differential signal, rather than the original samples, a reduction 
of bit rate can be achieved for a given requirement of signal-to- 
noise ratio.

Difference samples can be coded instantaneously, one at a 
time, as in a linear coder, or by blocks of successive samples 
(with complementary scale factors) as in near-instantaneous 
companding. Such a marriage of differential coding with near- 
instantaneous companding has been proposed [CCIR, 1986-90] to 
achieve a reduction in the number of bits per sample from 15 bits 
to 8 bits. The use of pre-emphasis is recommended to reduce the 
programme modulated noise.

2.4 PCM em p h a s is

The quality of the transmission system, in particular the noise and distortion characteristics, depends 
largely on the signal statistics and the coding law used. Also, the audible noise detection response of the receiving 
system, including the human ear, can be considered to be non-uniform. Taking these factors into account, the 
characteristic could be improved by adopting appropriate pre-emphasis prior to the coding process and the 
corresponding de-emphasis at the receiver following the decoding process. For PCM systems two such emphasis 
methods have been exhaustively studied and evaluated. Annex I contains more detailed information on the two 
systems, i.e., one based on CCITT Recommendation J.17, the other based on 50/15 ps.

3. Adaptive delta modulation (ADM)
3.1 Background

The adaptive delta modulation (ADM) system is based on delta modulation (the decoder is mathemetically 
defined in § 3.2). The audio is encoded into digital form by a simple delta modulator after being modified by two 
processes:
— the audio is passed through a variable pre-emphasis network which alters the audio spectrum; and
-  the audio is compressed in level, based on its slope. The compression is “infinite” over a 48 dB input signal 

level; that is, the audio is compressed to the same level for conversion to digital form. Optimum loading of 
the digital channel is achieved for most audio signals.

The digital bit stream representing the encoded audio signal is transmitted to the receiver, along with two 
very low data rate bit streams containing control signal information so that the decoder can precisely reverse the 
processing performed by the encoder. The decoder recovers audio by integrating the audio bit stream; performing 
a dynamic range expansion based on the compression (slope) control signal; and performs spectral de-emphasis 
based on information in the emphasis control signal.

The following points may be noted concerning the use of delta modulation:
(a) the bit rate of delta modulation may be reduced with a minor effect on audio signal quality (S/N  degrades 

by 9 dB for a halving of bit rate);
(b) reproduced errors are tolerable;
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(c) a digital-to-analogue converter for delta modulation is very simple, requiring no precision components;

(d) the de-emphasis provides adequate output filtering and sharp cut-off low pass filters are not required.

Items (c) and (d) affect the required decoding circuitry.

3.2 ADM decoder definition (Fig. 1)

3.2.1 Audio decoder

The audio decoder consists of a leaky integrator fed with pulses derived from the audio data 
bit-stream so that data l ’s and 0’s at a rate in the order of 250 kbit/s cause the output to move positively 
or negatively by equal steps. The size of the pulses is linearly proportional to an applied control signal 
over a range of about 50 dB, and the leaky integrator has a frequency response defined by:

. (1 + sT0)-'

where T0 = 0.5 ms.

FIGURE 1 -  Adaptive delta modulation decoder
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The de-emphasis has the variable frequency response:

T IOsTi 1+s72 I
L l +s T i  + 1+sTi J

where T2 = 5 ps, T2 = 50 ps, and T\ is variable under the control of the spectrum data.

Note that the first term in the bracket is a high-pass characteristic at frequency f where:

f  = rV2nT!

3.2.2 Sliding band de-emphasis (Fig. 2)

Frequency (kHz)

FIGURE 2 -  Adaptive delta modulation (ADM) de-emphasis filter
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The de-emphasis control information is contained in a data bit stream at about 8 kbit/s, typically 
but not necessarily an ifltegral sub-multiple of the audio data bit-rate. The mean level Vm of the bit-stream 
is derived by feeding the data via a three-pole low-pass filter with the characteristic: .

(1 + sT4)-y

3.2.3 Spectrum decoder

a controlling parameter x is given by:

, =  r=.
V,

The output of the filter is fed into an exponentiator to produce a control signal to operate on the 
variable emphasis. The circuit constants are such as to provide the relationship:

f  ------— = 4000(2'°*) Hz
2n T\

With this definition, a change in x of 0.1 moves f by one octave.

3.2.4 Slope decoder

■ The signal slope information is contained in another data bit stream at about 8 kbit/s. This bit 
stream is converted to a control signal by means o f a low-pass filter and exponentiation exactly as in the 
spectrum decoder. The height of the pulses integrated in the audio decoder is linearly proportional to this 
control signal.

As in the spectrum decoder, the mean level Vm of the bit stream is derived using a three-pole 
low-pass filter with the following characteristic:

(1 -I- sTn)~i

where T4 = 2 ms,
and is then fed into an exponentiator to provide the step or pulse size control signal Vss for use in the 
audio decoder. This exponentiator has the characteristic:

Vss = V0(2l0v) .

where y is the normalized mean level of the pulses (as x above) and V0 is a constant scaling factor to suit 
the audio decoder. With this definition, the pulse height changes 6 dB for each change in y of 0.1.

3.2.5 Fixed de-emphasis

The fixed de-emphasis is a single pole low-pass filter with the characteristic:

(1 + sTs)-'

where 75 = 25 (is.
In consumer decoders no further output filtering is necessary.

REFERENCES
CCIR Docum ents

[ 1 9 8 6 - 9 0 ] :  a .  1 0 /5 2  ( J a p a n )

where T4 = 2 ms.
If the data pulses have height Vp,
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ANNEX I •

EMPHASIS TECH NIQU ES FOR HIGH-QUALITY PCM SOUND SIGNALS

In the technique of digital PCM sound coding, pre- and de-emphasis methods are to be used for several 
purposes:
-  in the case of digital audio signal processing, the emphasis reduces the subjective perceptibility of the 

quantizing noise, especially for the so-called programme-modulated noise with companded coding;
— in the case of both companded and linearly coded audio signal processing, emphasis may reduce the 

impairment due to bit errors at low C/ N  values.
Two different characteristics have been proposed for both companded and linearly coded systems. The first 

pre-emphasis system is based on CCITT Recommendation J.17 (with an insertion loss of 6.5 dB at 0.8 kHz) and 
the second on the characteristic of 50/15 ps time constant. Characteristics of these are depicted in Fig. 1 of 
Recommendation 651.

Results of investigations into linear coding [CCIR, 1982-86a] and linear and companded coding 
[CCIR, 1982-86b and c] clearly show the advantages of using pre-emphasis in most cases. It has been observed 
that both systems have the quality of reducing the quantizing noise, with a slight advantage for 50/15 ps 
pre-emphasis in the case of non-companded operation. Concerning the risk of overloading, the documents 
[CCIR, 1982-86a, b and c] reflect different points of view. No clear difference between these two systems has been 
noted on impairments due to bit error at low C/N  levels.

Results of theoretical assessments [CCIR, 1982-86b] and subjective tests [CCIR, 1982-86d and e] carried out 
for companded systems, based on the pre-emphasis characteristics shown in Fig. 1 of Recommendation 651, show 
that a significant reduction of the subjective audibility of the programme modulated noise could be achieved by 
applying CCITT Recommendation J.17 pre-emphasis. However, results of other subjective tests [CCIR, 1982-86f
and g] showed no significant difference. In [CCIR, 1982-86f], insertion loss adjustment in each system was
performed in order to avoid overloading.

As far as digital coding of sound programme signals is concerned, CCITT Recommendation J.17 (with an 
insertion loss of 6.5 dB at 0.8 kHz) is widely used for transmission purposes, as specified by CCITT Recommen­
dation J.41, and the 50/15 ps pre-emphasis system is widely used for consumer applications.

REFERENCES

CCIR Documents

[1982-86]: a. 10/21 (EBU); b. 10-1 IS/201 (EBU); c. 10-1 IS/139 (Japan); d. 10/269 (Germany (Federal Republic of));
e. 10-11 S/206 (France); f. 10-US/205 (Japan); g. 10-11 S/207 (Canada).
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ANNEX II
SUBJECTIVE TEST RESULTS ON ADAPTIVE DELTA MODULATION 

AND OTHER CODING METHODS FOR HIGH-QUALITY SOUND

1. S u b je c tiv e  m e a s u re m e n ts  co n d u c te d  in A u s tra l ia

T h e  A u s tr a l ia n  B r o a d c a s t in g  C o r p o r a t io n  (A u B C )  h a s  c o n d u c te d  s u b je c t iv e  te s ts  o n  th e  a d a p t iv e  d e l ta  
m o d u la t io n  (A D M )  sy s te m  [A u B C , 1985] in a c c o r d a n c e  w ith  R e c o m m e n d a t io n  562 to  r e la te  s u b je c tiv e  a u d io  
q u a li ty  to  b it  e r r o r  r a t io ,  w ith  th e  e v e n tu a l  o b je c tiv e  o f  r e la t in g  th is  to  C / N  ra t io .

T h e  s u p p l ie d  A D M  e q u ip m e n t  h a d  a r a n d o m  e r ro r  g e n e r a to r  c a r d  to  in t r o d u c e  e r ro r s  in to  th e  d a ta  s t r e a m  
in a  k n o w n  s w itc h -s e le c ta b le  r a t io . T h e  a c c u ra c y  o f  th e  sw itc h  s e t tin g s  w as c h e c k e d  a n d  f o u n d  to  b e  a c c u ra te  
w ith in  n o rm a l  s ta t is t ic a l  v a r ia t io n s .

A  c a r e fu l ly  c o n t r o l le d  a n d  m e a s u re d  e n v i r o n m e n t  w as u se d  to  r e p la y  th e  m a te r ia l  in  s e q u e n c e s  a c c o rd in g  
to R e c o m m e n d a t io n  562.

F o r  e v a lu a t io n  o f  th e  a u d io  p a r t  o f  th e  sy s te m , se v e n  d if fe r e n t  s e g m e n ts  o f  m a te r ia l  w e re  c h o s e n  f ro m  
c o m p a c t  d isc  o r  o r ig in a l  16 b it P C M  re c o rd in g s  a n d  re c o rd e d  in  s e q u e n c e  in  16 b it  P C M  o n  a  v id e o ta p e  m a c h in e  
fo r  s u b s e q u e n t  r e p la y . T h e  se v e n  p r o g ra m m e  se g m e n ts  a re  l is te d  in  T a b le  I .

TABLE I  -  Reference programme segments

Item (and curve) No. Description

1 Male solo
2 Male spoken word
3 Piano
4 Flute, then boys’ choir
5 Female spoken word
6 Orchestral
7 Mixed modern group

F ig u re  1  in d ic a te s  th a t  f o r  a  g iv e n  B E R , th e  im p a i rm e n ts  v a ry  w id e ly  b u t  c o n s is te n t ly  w ith  th e
p r o g r a m m e  m a te r ia l ,  b u t  th a t  a  m e a n  im p a i rm e n t  r a t in g  o f  3.5  is a c h ie v e d  f o r  a  B E R  a r o u n d  1 0 - 3 .

T h e  o v e ra l l  im p a i rm e n t  r a t in g  o f  3.5 fo r  a  B E R  o f  1 0 -3  w a s  th o u g h t  to  b e  e q u iv a le n t  to  a  C / N  le ss  th a n
9 d B . H o w e v e r , th is  w o u ld  b e  d e g r a d e d  w h e n  u s in g  f o u r  le v e ls  o f  d a ta  a s  p r o p o s e d  fo r  A u s tr a l ia .  I t  w a s  n o t
p o s s ib le  to  m a k e  m e a s u re m e n ts  o n  th is  m o d e  o f  o p e r a t io n ,  b u t  r e su lts  s u g g e s t  a  d e g r a d a t io n  o f  a p p r o x i ­
m a te ly  1 d B  fo r  th e  o u te r  lev e ls  o f  d a ta  a n d  a p p r o x im a te ly  1.8 d B  fo r  th e  in n e r  le v e ls . T h is  m a y  h a v e  im p l ic a t io n s  
a s  to  w h ic h  p r o g ra m m e s  s h o u ld  b e  c a r r ie d  o n  w h ic h  d a ta  c h a n n e ls .  H o w e v e r , f a c i l i t ie s  h a v e  n o t  b e e n  a v a i la b le  to  
th e  A u B C  to  c o r r o b o r a t e  th e s e  f ig u re s .

I n d e p e n d e n t  c o r r e la t io n  is y e t to  b e  e s ta b l is h e d  b e tw e e n  C / N  a n d  B E R  o b ta in a b le  f ro m  re c e iv e rs  in  th e
fie ld .
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Bit error ratio

FIGURE 1  -  Impairment rating versus switch position, item by item

Note 1. -  Curves No. 1-7 are from programme selections indicated in Table I  . Curve 8 is for overall (average) result. 

Note 2. -  In scale position A, signal is transmitted through Dolby ADM system without errors.
Note 5. -  In scale position B, signal comes direct from analogue source (e.g.: PCM on VCR).
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2. Subjective measurements conducted in Canada
2 .1  S u b j e c t i v e  a s s s e s m e n t  o f  a s e l e c t i o n  o f  ADM, l i n e a r  

and n e a r - i n s t a n t a n e o u s  c o d e s

In  th e  p ro c e ss  o f  id e n t i fy in g  th e  re la t iv e  m e r its  o f  th e  v a r io u s  p r o p o s e d  c o d in g  s c h e m e s , a te s t  p r o g ra m m e  
w as c o n d u c te d  in  C a n a d a .

T h e  fo llo w in g  c o d in g  s c h e m e s  w ere  c o v e re d  by th e  m e a s u re m e n t  p r o g ra m m e :

-  10-14 s e m i- in s ta n ta n e o u s  c o m p a n d in g  ( N IC A M  3) w ith  C C IT T  R e c o m m e n d a t io n  J .1 7  p r e - e m p h a s is ;

-  10-14 in s ta n ta n e o u s  c o m p a n d in g  (A -la w ) w ith  C C IT T  R e c o m m e n d a t io n  J .1 7  p r e -e m p h a s is ;

-  14 b it  l in e a r  c o d in g  w ith  C C I T T  R e c o m m e n d a t io n  J .1 7  p r e -e m p h a s is ;  '

-  a d a p ta t iv e  d e l ta  m o d u la t io n  ( s a m p lin g  ra te  =  330 k H z ) ;  a n d

-  a d a p ta t iv e  d e l ta  m o d u la t io n  ( s a m p lin g  ra te  =  204 k H z).

T h e  f irs t  th re e  c o d in g  s c h e m e s  w e re  m o d e lle d  o n  a  c o m p u te r  w o rk in g  in  c o n ju n c t io n  w ith  a v e c to r ia l  
p ro c e ss o r .

T h e  p re -e m p h a s is  a p p l ie d  to  th e  s ig n a l  w a s  c h a n g e d  th ro u g h  d ig ita l f i l te r in g . T h e  s a m p lin g  f re q u e n c y  w a s  
a lso  c h a n g e d  to  32 k H z  th ro u g h  d ig ita l  p ro c e s s in g . C o m p a n d in g  a n d  t r u n c a t io n  to  g e n e ra te  th e  p r o p e r  n u m b e r  o f  
b its  w as  th e n  p e r fo rm e d  to  f in a lly  o b ta in  th e  c o m p a n d e d  d ig ita l  s tre a m . P ro p e r  r e - f o r m a t t in g  w a s  m a d e  to  s to re  
th e  te s t s e q u e n c e  o n  v id e o  ta p e .

T h is  p ro c e s s  w as  n o t  u se d  fo r  th e  A D M  sy s tem  w h ic h  c o u ld  n o t  b e  m o d e l le d  o n  th e  c o m p u te r .  C o n v e rs io n
to  a n a lo g u e  s ig n a l w as n e c e s sa ry  b e fo re  p ro c e s s in g  by  th e  A D M . A t th e  o u tp u t  o f  th e  A D M  th e  s ig n a l w as
c o n v e r te d  b a c k  fro m  a n a lo g u e  to  16 b i t s / s a m p le  fo r  in se r t io n  in  th e  r e c o rd e d  te s t  s e q u e n c e .

T h e  s o u rc e  m a te r ia l  w as  e i th e r  re a d  f ro m  c o m p a c t  la s e r  d isc s  o r  g e n e r a te d  b y  th e  c o m p u te r  i ts e lf :

-  C a rd o z o ,  P a ja ro  C a m p a n a  ( I n d ia n  H a r p s ic h o r d )

-  O rff ,  C a rm in a  B u ra n a  (L y ric s )

-  s y n th e tic  g o n g  g e n e ra te d  a t 4 4  k H z  s im u la t in g  th e  s o u n d  o f  a  tr ia n g le  o n  th e  f irs t  4 n o te s  o f  “ F re re  J a c q u e s "
(4 .2  k H z , 4 .7  k H z , 5.3 k H z  a n d  4.2 k H z ) . (A tta c k :  T =  3 m s , d e c a y :  T =  3 0 0  m s.)

-  s y n th e tic  g o n g  g e n e ra te d  a t  4 4  k H z  s im u la t in g  a b a ss  g u i ta r  o n  th e  f irs t  4  n o te s  o f  " F r e r e  J a c q u e s "  (6 5 .4  H z ,
7 3 .4  H z , 82 .4  H z  a n d  65 .4  H z). (A tta c k :  T =  3 m s, d e c a y :  T =  300 m s.)

T e s ts  w e re  m a d e  a c c o r d in g  to  th e  s u g g e s te d  C C I R  c o m p a r is o n  m e th o d  ( R e c o m m e n d a t io n  562) w h e re  
se q u e n c e  A -B  is p re s e n te d  tw ic e  a n d  th e n  15 s is le ft fo r  s c o r in g  a lso  a c c o r d in g  to  th e  C C I R  c o m p a r i s o n  sc a le . 
A u d io m e tr ic  m e a s u re m e n ts  w e re  ta k e n  w ith  e a c h  su b je c t b e fo re  th e  s u b je c tiv e  te s ts . O n  a v e ra g e ,  th r e e  l is te n e r s  
w e re  a c c o m m o d a te d  in  a  w e l l - c a l ib ra te d  l is te n in g  ro o m . A  to ta l  o f  25 l is te n e rs  p e r fo r m e d  th e  te s ts .

A ll c o m p a r is o n s  w e re  r e p e a te d  in  r e v e rs e  o rd e r  to  h a v e  a  m e a s u re  o f  th e  l is te n e r ’s c o n s is te n c y .  A c c o r d ­
in g ly , 4  l is te n e rs  w e re  d i s c a rd e d  f ro m  th e  a n a ly s is  o f  th e  re su lts . F u r th e rm o r e ,  w h e n  th e  tw o  s c o re s  o f  a  s a m e  
lis te n e r  fo r  th e  sa m e  c o m p a r is o n  d if fe r e d  b y  m o re  th a n  tw o  g ra d e s , th e se  w e re  d is c a rd e d .

D u e  to  u n c o n t r o l la b le  v ib r a t io n s  a n d  r a t t le s  in d u c e d  in  th e  l is te n in g  r o o m  b y  th e  h ig h - le v e l  lo w  f re q u e n c y  
s y n th e s iz e d  g o n g , th e  te s t s e q u e n c e  w as  a ls o  a s se s se d  by  8 l is te n e rs  u s in g  h e a d p h o n e s .  T h e  re s u l ts  o f  th is  g r o u p  a r e  
u se d  fo r  th e  lo w  f re q u e n c y  g o n g .

In  a d d i t io n  to  th e  m e a n  o p in io n  s c o re  a n d  th e  s t a n d a r d  d e v ia t io n  o b ta in e d  f ro m  th e  f i l te r e d  d a ta ,  a  s tu d y  
o f  th e  s ta tis t ic a l  s ig n if ic a n c e  o f  th e  re su lts  w a s  c o n d u c te d  u s in g  th e  o n e  ta il  S tu d e n t - t  d i s t r ib u t io n .  T h e  lev e l o f  
c o n f id e n c e  th a t ,  o n  a v e ra g e , th e  n o rm a l  p o p u la t io n  will p r e fe r  c o d e c  “ A "  to  c o d e c  “ B ” * w as  o b ta in e d .

T a b l e I I  su m m a r iz e s  th e  re su lts . T h e  m e a n  o p in io n  s c o re  e x p re s s e d  o n  th e  —3, 0, + 3  s c a le , th e  s t a n d a r d  
d e v ia t io n  a s  w ell a s  th e  level o f  c o n f id e n c e  th a t  “ c o d e c  A  is b e t te r  th a n  c o d e c  B "  a r e  g iv e n  in  e a c h  c ase . In  th e  
ta b le , th e  10-14 n e a r - in s ta n ta n e o u s  c o m p a n d in g  a s  d e s c r ib e d  in  R e p o r t  953 is n o te d  a s  N I C A M  3.

“Codec” =  “coder-decoder”.
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TABLE 1 1  -  Results o f the subjective tests conducted in Canada

Harpsichord Lyrics HF gong LF gong

Codec "A” Codec “ B” A V S /%  Conf X  /  S / %  Conf A Y S / % Conf A V S /%  Conf

NICAM 3, . ADM (330 kHz) 0.1 0.2 -0 .1 1.1
CCITT Rec. J.17 0.7 0.9 1.3 0.8

88% 91% 28% 99.95%

NICAM 3, ''ADM (204 kHz) 0.0 0.2 1.8 1.4
CCITT Rec. J.17 0.8 0.9 1.0 0.5

50% 92% 99.999% 99.995%

ADM (330 kHz) A-law, 0.0 -0 .2 0.9 -1 .2
CCITT Rec. J.17 0.6 . 0.8 1.4 0.5

50% 6% 99.99% 0.01%

NICAM 3, A-law, 0.0 -0 .1 0.8 0.1
CCITT Rec. J.17 CCITT Rec. J.17 , 0.7 1.0 1.1 0.3

50% 27% 99.975 % 88%

NICAM 3, 14 bits linear, -0 .1 -0 .1 -2 2 0.1
CCITT Rec. J.17 CCITT Rec. J.17 0.7 0.8 0.8 1.0

18% 19% 0.001% 60%

X mean opinion score on a scale -  3 to + 3 as per Recommendation 562. 
S : standard deviation.
% Conf : statistical confidence level that codec “ A” is preferred to codec “ B” .

A s c a n  b e  seen  f ro m  th e  ta b le , n o  s ig n if ic a n t  d if fe re n c e  w as  fo u n d  b e tw e e n  th e se  tw o  e n c o d in g  sy s te m s  
w h e n  th e  A D M  w as s a m p le d  a t  330  k H z  e x c e p t in th e  c a se  o f  th e  c r i t ic a l  lo w  f re q u e n c y  g o n g  w h e re  a  n o is e  
sp e c tru m  s h a p in g  w as p e rc e iv e d . T h is  w as  m o s tly  n o tic e a b le  d u r in g  th e  d e c a y  t im e  o f  th e  g o n g . W h e n  th e  A D M  
w as s a m p le d  a t 204 k H z , a  d e g r a d a t io n  in  th e  r e p ro d u c tio n  o f  th e  h ig h  f re q u e n c y  g o n g  c o u ld  a ls o  b e  p e rc e iv e d , 
g iv in g  w o rse  p e r fo rm a n c e  th a n  th e  N I C A M  3. F o r  th ese  tw o  c a se s , h o w e v e r , n o  s ig n if ic a n t  d i f f e r e n c e  c o u ld  b e  
p e rc e iv e d  b e tw e e n  th e  tw o  codecs for normal programme material.

2.2 Q u a l i t y  a s s e s s m e n t  o f  a n e a r - i n s t a n t a n e o u s  d i f f e r e n t i a l  c o d e  
and a n e a r - i n s t a n t a n e o u s  PCM c o d e

An objective and subjective evaluation of two coding schemes, proposed in 
Report 1075 — for HDTV broadcasting by satellite, was done in Canada. The
coding schemes considered were:

- 15-to-8 Near-Instantaneous Companded DPCM (NI-DPCM) proposed for MUSE;*
- 14-to-10 Near-Instantaneous Companding (NICAM) as per Recommendation 651.

* The NI-DPCM scheme used in MUSE is based on a leakage factor of 0.9375 as 
compared with a leakage factor of 0.975 used in the simulations reported here. 
Simulations with leakage factor values between 0.95 to 0.99 showed only minor 
differences in signal-to-noise ratios.
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2.2.1 Objective evaluation

Eoth coding schemes were simulated on a computer in accordance 
with the descriptions given in Report 953-1 for the NICAM and in
Report 1075 -------  for the NI-DPCM.' A leak factor of 0.975 was
u s e d  i n  t h e  s i m u l a t e d  NI-DPCM . The f o l l o w i n g  a u d io  t e s t  s i g n a l s  
w e re  a p p l i e d  t o  e a c h  e n c o d e r :

a) variable frequency sinusoidal signal
b} lew and high frequency synthetic sounds
c) natural harp
The input test signals to the encoders consisted in 32 kHz 

digital audio samples uniformally quantized to 15 bits/sample for 
the NI-DPCM encoder and to 14 bits/sample for the NICAM encoder. 
For each test signal and for each encoder, sigr.al-to-ncise ratios 
were calculated over successive blocks of 255 samples (S msec) and 
plotted as a function of time.

The variable frequency sinusoidal signal consisted in a 
sequence of tan sinusoids -of constant amplitude and variable 
frequency ranging from 30 to 15360 Hz. Figure 2a shows an excerpt 
of this test signal and the SNR curves obtained are plotted in Fig.

2b and 2c # It can be seen from Fig. 2c that an instantaneous 
quantizing scheme such as the NICAM has an SNR which is independent 
of the frequency. A differential coding scheme' like the NI-DPCM 
will yield better SNR values at low frequencies (up to 1 kHz) . 
However, the SNR values deteriorate at higher frequencies, to 
become smaller than those obtained with the NICAM.

The synthetic-sound test signal consisted in the first four 
notes of "Fr&re Jacques" (Do-Re-Mi-Do) synthesized both at low (SO­
SO Hz) and high frequency (4-6 kHz) . Figure 3a shows the 
resulting signal shape in the time domain and the SNR curves 
obtained for the low frequency sound are plotted in Fig. 3b. The 
superiority of the differential coder (NI-DPCM) is apparent‘for a 
high level low frequency signal despite its lower number of bits- 
per-sample (8 against 10 for NICAM). Both coders exhibit decreasing 
SNR for decreasing signal levels. The SNR curves obtained with the 
high frequency synthetic sound are shown in Fig. 3c. The SNR 
values obtained for the NICAM are superior, for high level signals, 
to those obtained with the NI-DPCM.

The natural harp sound, shown in Fig. 4a, exhibits a very 
large dynamic range as well as large variations of level over short 
time periods. The SNR curves obtained with this test signal are 
shown in Fig. 4b and 4c. These two curves are comparable with,
perhaps, a slight advantage for the NI-DPCM over the NICAM when the 
input signal reaches the peaks of its dynamic range.
2.2.2 Subjective evaluation

An informal listening test using headphones was conducted with 
4 sound broadcast engineers and 2 student engineers as listeners. 
Tests were made according to the suggested CCIR comparison method 
(Recommendation 562-2) where sequence A-B is presented twice and 
then about 15 sec. is left to the listener for scoring between 
-3 (coder A much worse than coder B) to +3 (coder A much better 
than coder B).
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The test material consisted in excerpts from a harp solo, an 
organ solo, a female solo and performances from a chamber music 
ensemble, a 'jazz quartet and a pep music band. The low and high- 
frequency synthetic sounds described in section 2.2.1 were also 
included in the test material. The 50/15 us pre-emphasis/ce- 
emphasis law described in Recommendation 651 was used with both NI- 
DPCM and NICAM encoders.

The listening test, although, informal, yielded consistent 
results. The listeners found no significant differences between 
the NI-DPCM and the NICAM encoders for the six natural music 
excerpts. The average opinion score for these six sequences was
0.2 in favor of Nl-DPCM with a standard deviation of 0.8.

The listening panel clearly preferred the NI-DPCM encoder for 
the lew frequency synthetic sound (average score of 2 .2 , standard 
deviation of 0.7) and the NICAM for the high frequency synthetic 
sound (average 'score of -1.8 with a standard deviation of 0.7). 
These results are in agreement with the objective evaluation 
results of section 2.2.1 where the NI-DPCM encoder had yielded 
better SNR values than the NICAM for low frequency signals but 
pccr.er SNR at high frequency."
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0 0.32 sec.
(a)

(b)

(c)

Figure[2] Variable frequency sinusoidal signal
a) test: signal excerpt
b) NI-DPCM: SNR vs frequency of sine wave
c) NICAM : SNR vs frequency of sine wave
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5.B1 sec,

(b) 5.81 sec

(c) 5.81 sec.

Figure[3] Low and high frequency synthetic sounds
a) test signal waveform
b) SNR curves for lew frequency sound
c) SNR curves for high frequency sound
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Figure L 4 ] Natural harp sound
a) t e s t  s i c r . a l  w a v e fo rm
b ) SNR c u r v e  f o r  t h e  NI-DPCM c o d e r
c) SNR c u r v e  f o r '  t h e  NICAM c o d e r

295
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3 . S u b je c t iv e  m easurem ents c o n d u c te d  in  th e  U n ite d  S ta te s

Carefully controlled listening tests using trained auditors 
were conducted to evaluate the adaptive delta modulation (ADM) 
system described in Report 953-1. The experiment tested and 
compared the ADM system (sampling rate = 300 kHz) against a full 
dynamic range compact disc.

Twenty-four well-motivated and highly-qualified listeners, 
whose hearing was clinically normal as confirmed by an 
audicmetric evaluation performed by a licensed and certified 
audiologist, were hired for these tests. The listeners' ages 
ranged from 16 to 27 years to ensure the probability of normal 
hearing. They were all experienced or expert listeners who were 
instructed to "vote”' for the system which sounded superior in 
quality. No further details of what to listen for were 
provided. Fifteen listeners were male, nine were female, and 
they were paid in order to enhance motivation.

The listening conditions (environment) were kept in close 
agreement with those in Recommendation 562. The tests were
conducted in a listening studio which had carpet and drapes, had 
a mid-frequency reverberation time, of approximately 0.25 second, 
and was 16 x 22 feet. The loudspeakers were placed approximately 
10 feet apart. A single listener at a time was tested.

The listening level in the center of the room was set to 85 
d3 on loud music passages. This level was chosen because at 
lower levels, differences between systems might not be 
perceptible.

The 10 CD selections, which .are shown in TABLE III, were 
chosen from the European Broadcasting Union (EBU) Sound Quality 
Assessment Material (SQAM) Compact Disc (CD) as critical test 
material: .

TABLE III - Programme Segments
Electronic Tune —  Frere Jacques
ABBA •—  Pop Music
Triangles —  Single Instrument
Grand Piano —  Single Keys & Brief Musical Selection 
Bells —  Single Instrument 
Eddie Rabbitt —  Country Music 
Soprano —  Solo .
Wind Ensemble —  Brief Musical Selection 
Xylophone —  Single Keys & Musical Selection 
Male Speech —  German

These stereo selections used for test purposes have wide 
variations in dynamic range, spectrum, and temporal 
characteristics. They represent typical and atypical sound 
programme material. They were chosen to be especially
problematical for the ADM type of processing under test, and to 
reveal coding artifacts. System performance flaws which might be 
audible include: A/D and D/A linearity, aliasing distortion,
bin-rare reduction and programme-modulated noise.

The excerpts were 20 to 140 seconds in duration/ and the 
total subjective-test time was 1/2 hour.
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T h e  c l a s s i c  t w o - a l t e r n a t i v e  f o r c e d - c h o i c e  (2  AFC) 
p s y c h o p h y s i c a l  m e th o d  w a s  e m p l o y e d .  (T h e  m e th o d  o f  
R e c o m m e n d a t io n  5 6 2  w a s  n o t  a p p r o p r i a t e  s i n c e  t h i s  w a s  a  s i g n a l  
d e t e c t i o n  t a s k ,  n o t  a  q u a l i t y  s c a l i n g  t a s k . )  T h e  t e n  s e l e c t i o n s  
w e r e  p r e s e n t e d  f o u r  t i m e s  e a c h ,  i n  tw o  ra n d o m  o r d e r s .  L i s t e n e r s  
s w i t c h e d  b a c k  a n d  f o r t h  b e t w e e n  s y s t e m s  i n  a  p a i r  a n d  t h e n  v o t e d  
f o r  t h e  o n e  o f  " s u p e r i o r  s o u n d  q u a l i t y "  i m m e d i a t e l y  a f t e r  e a c h  
s e l e c t i o n  e n d e d .  A p p r o x i m a t e l y  f i v e  s e c o n d s  s e p a r a t e d  t h e  
s e g m e n t s .

The initial-test results are presented in TABLE[IV] such that 
for each selection both the number of judgements and the 
percentage which that number represents are reported for each 
audio selection. This format allows an examination of the 
influence, if any, of the audio segment selection on the choice 
of the listeners and it also allows a direct comparison of the 
two audio paths. When there is no perceptible difference, this 
test produces results which are randomly distributed with a mean 
of N/2 (50%), and a standard deviation of JW/% (where N is 
the number of trials).

Each listener made 40 judgments, four votes on each of ten 
selections. The total group of twenty-four, therefore, made 
judgments of each selection for a total of 960 judgments. Random 
selection would yield (per selection) 48 votes (50%) for the CD 
player, with a standard deviation of 4.9 votes (5.1%)

The overall initial-test result (Table lIV])is 52.5% for ADM 
and 47.5% preference for the CD player, a very slight difference, 
if any. From this overall view alone, it could be concluded that 
the compander is acoustically transparent. However, there were 
five selections in which a preference more than 5%-different from 
50% occurs (45 to 55%): the electronic tune, 55.2% for CD; ABBA,
65.6% for ADM; the triangles, 61.5% for CD; the soprano solo,
59.4% for ADM; and the xylophone, 62.5% for ADM, and there
appeared to be 3 to 5 listeners who were the primary cause of 
this result.

Since a few listeners were able to detect differences on 
these critical selections (although there was no preference for 
either audio path) a follow-on study was conducted to determine 
if small audio level differences might be responsible for the 
results. Level matching of the two paths (direct CD and CD via 
ADM codec) was improved from approximately 1.0 dB to better than
0.5 dB). All test conditions were kept the same. The results
are shown in TABLE V.

The ADM codec, after the additional level matching adjustments, 
became even more difficult to distingush from the direct CD signal 
path by the expert listners. Three of the five audio program 
segments shifted approximately 10 percentage points toward true 
random results (50/50) and ended at 44, 50, and 52%. The results 
for the remaining two selections did not change appreciably (2 to 
3 percentage points).

A carefully controlled test has shown that experienced and 
expert listeners showed no preference for the sound of critical 
programme material reproduced from a direct compact disc source 
over that of the CD played through the ADM codec under the test 
conditions described above.
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TABLE IV
PILOT LISTENING TEST RESULTS 

AUGUST 1988
VOTES FOR CD PLAYER 

24 test subjects 
96 forced-choice judgments per selection

TOTAL VOTES PERCENT

1 - Electronic Tune #7 • 53 55.2
2 - ABBA #69 33 34.4
3 - Triangles #32 59 61.5
4 - Grand Piano #39 47 49.0
5 - Bells #34 48 50 .0
6 - Eddie Rabbitt #70 49 51.0
7 - Soprano #44 39 40.6
8 - Wind Ensemble #66 47 49 .0
9 - Xylophone #36 36 37.5

10 - Male Speech-German #54 45 47.0
TOTALS 456 47.5

The standard deviation of 96 random events » 4.9 (5.1%).

TABLE V

FOLLOW-ON LISTENING TESTS RESULTS 
SEPTEMBER 1988

VOTES FOR CD PLAYER 
2 0 test subjects 

160 forced-choice judgments per selection

TOTAL VOTES PERCENT

1 - Electronic Tune #7 86 53.8
2 - ABBA #69 • 70 43.8
3 - Triangles #32 80 50.0
4 - Soprano #44 83 52.05 - Xylophone #36 65 40.6

TOTALS 384 48.0

The standard deviation of 160 random events - 6.3 (4%).
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REPORT 9 5 4 -2

MULTIPLEXING METHODS FOR THE EMISSION OF SEVERAL DIGITAL 
AUDIO SIGNALS AND ALSO DATA SIGNALS IN BROADCASTING

(Q u e s t io n  2 /1 0  a n d  11, S tu d y  P ro g ra m m e s  2 C /1 0  a n d  11, 5 1 D /1 0 ,  2 F / 1 0  a n d  11, 2 N / 1 0  a n d  11)

( 1 9 8 2 -1 9 8 6 -1 9 9 0 )

1. Introduction

T h is  R e p o r t  c o n ta in s  th e  p r e l im in a r y  re su lts  o f  a  c o m p a r is o n  o f  th e  m u l t ip le x in g  m e th o d s  th a t  c a n  b e  u s e d  
f o r  th e  e m is s io n  o f  s e v e ra l  c h a n n e ls  c a r r y in g  d ig i ta l  s o u n d  a n d  p o s s ib ly  o th e r  in f o r m a t io n ,  e i th e r  w ith  o r  w i th o u t  
a n  a s s o c ia te d  a n a lo g u e  te le v is io n  p ic tu r e  e m is s io n , fo r  n e w  b r o a d c a s t in g  a p p l ic a t io n s .  In  th is  c o n te x t  th is  R e p o r t  
d e a ls  p r im a r i ly  w ith  th e  u se  o f  th e  s a te l l i te - b r o a d c a s tin g  c h a n n e l ,  a l th o u g h  s o m e  o f  th e  i n f o r m a t io n  is a ls o  v a l id  
fo r  te r re s t r ia l  b r o a d c a s t in g  c h a n n e ls .

T h e  s tu d y  o f  m u l t ip le x in g  m e th o d s  fo r  s e v e ra l  a u d io  s ig n a ls  a n d  d a t a  m u s t  ta k e  d u e  a c c o u n t  o f  th e  tw o
m a in  m e th o d s  o f  m u lt ip le x in g  th e  c o m p le te  d ig ita l  s ig n a l  w ith  th e  v id e o , w h ic h  a r e :

— “ in te r r u p te d ” , i.e. d ig i ts  in  th e  l in e - b la n k in g  in te r v a l ;

— “ u n in t e r r u p te d ” , i.e . d ig i ts  o n  a  s u b -c a r r ie r .

In  th e  la t te r  c a se , fo r  s o u n d  o n ly  in  th e  a b s e n c e  o f  a v id e o  s ig n a l,  th e  d ig its  c a n  b e  o n  a  c a r r ie r ,  b u t  th is  is '  
o n ly  a  sp e c ia l  ca se  o f  th e  s u b -c a r r ie r .  In  th e  c a se  o f  “ in te r r u p te d ” , th e  c a s e  o f  d ig its  in  th e  f i e ld -b la n k in g  in te rv a l  
is n o t  c o n s id e re d  in  th is  R e p o r t .

R e g a rd in g  th e  m u l t ip le x in g  o f  th e  v a r io u s  d ig ita l  s o u n d  a n d  d a ta  s ig n a ls ,  tw o  b a s ic  t e c h n iq u e s  a re  
e n v is a g e d  h e re :  “ c o n t in u o u s "  m u l t ip le x in g  a n d  “ p a c k e t” m u l t ip le x in g ;  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  in h e r e n t  
in  th e  p r in c ip le  o f  e a c h  sy s te m  h a v e  b e e n  in v e s tig a te d  fo r  b o th  c a se s  m e n t io n e d  a b o v e ,  i.e . th e  i n t e r r u p te d  a n d  
u n in te r r u p te d  m u lt ip le x . F u r th e r  s tu d ie s  w ill b e  n e e d e d  to  o p t im is e  th e s e  ty p e s  o f  sy s te m s .

2. Services to be offered

S o u n d  se rv ic e s  e n v is a g e d  in  b r o a d c a s t in g  a re :

— h ig h  q u a l i ty  ( s te r e o p h o n ic  o r  m o n o p h o n ic )  fu lly  e n c o d e d  d ig ita l  s o u n d  w ith  a n  a u d io  b a n d w id th  o f  15 k H z
a n d  a  d y n a m ic  ra n g e  o f  u p  to  98  d B  (C C IR , 1 9 8 2 -8 6 a , b] fo r  s o u n d  b r o a d c a s t in g  p r o g ra m m e s  o n ly ;

— h ig h  q u a l i ty  ( s te r e o p h o n ic  o r  m o n o p h o n ic )  s o u n d  a s s o c ia te d  w ith  v id e o  ( a u d io  b a n d w id th  o f  15 k H z ) ;

— h ig h  q u a l i ty  ( m o n o p h o n ic ,  s t e r e o p h o n ic  o r  ev e n  q u a d r a p h o n ic )  s o u n d  f o r  a d d i t io n a l  r a d io  s o u n d  p r o g ra m m e s  
( a u d io  b a n d w id th  o f  15 k H z ) ;

— m o n o p h o n ic  h ig h  q u a l i ty  o r  m e d iu m  q u a li ty  s o u n d  fo r  v a r io u s  p u r p o s e s  (e .g . f o r  m u l t i l in g u a l  c o m m e n ta r ie s  
in  a s s o c ia t io n  w ith  th e  in te r n a t io n a l  s o u n d , e tc .) :

— c o m m e n ta r y  q u a l i ty  s ig n a ls ;

— te le p h o n e  q u a l i ty  s ig n a ls .

A d d i t io n a l  d a ta  se rv ic e s  e n v is a g e d  c o u ld  in c lu d e :

— d a ta  in f o rm a t io n  (e .g . s e rv ic e  in f o rm a t io n ,  c o d e d  te x t , s u b - t i t l in g ,  c o m p u te r  s o f tw a re  a n d  p r o g ra m m e  
la b e l l in g ) ;

— sp e c ia l in f o rm a t io n  fo r  p a y  T V  se rv ic e ;

— p a g in g .

T h is  list is n o t  e x h a u s t iv e :  in  th e  fu tu re , o th e r  a p p l ic a t io n s  m a y  b e  p o s s ib le  in  a c c o r d a n c e  w ith  th e  
e v o lu t io n  o f  n e e d s  a n d  te c h n o lo g y . T h e  r e q u ire m e n ts  m a y  v a ry  f ro m  c o u n t r y  to  c o u n t r y  a n d  f ro m  tim e  to  tim e .
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F o r  th is  r e a so n , so m e  f le x ib ility  in  th e  u se  o f  th e  d ig ita l  b it  s tre a m  is d e s ira b le . A t th e  sa m e  t im e , it is n e c e s sa ry  
t h a t  th e  m u lt ip le x in g  te c h n iq u e s  u se d  s h o u ld  be  s t a n d a r d  a n d  as s im p le  a s  p o s s ib le , in  o r d e r  to  m in im iz e  re c e iv e r  
c o m p le x i ty  a n d  re d u c e  c o s ts  w h ile  f a c i l i ta t in g  th e  r e c e p t io n  o f  th e  v a r io u s  se rv ic e s  e v e n  if  th e y  a re  n o t p re se n tly  
id e n t i f ie d .  ,

In  th e  c a se  o f  s a te lli te  b r o a d c a s t in g  w ith  a  v id e o  s ig n a l, th e  s o u n d  re q u ire m e n ts  a re  fo r  a c a p a c ity  a iv in g  
th e  e q u iv a le n t  o f  tw o  to  e ig h t h ig h  q u a l i ty  m o n o p h o n ic  s o u n d  c h a n n e ls .  In  th e  a b s e n c e  o f  a v id e o  s ig n a l,  th is  
r e q u i re m e n t  c a n  r ise  to  th e  e q u iv a le n t  o f  th ir ty  to  fo r ty  m o n o p h o n ic  s o u n d  c h a n n e ls .

3 . M u lt ip le x in g  o f  th e  d ig ita l s ig n a l  in th e  te lev isio n  c h a n n e l

T w o  p r in c ip a l  m e th o d s  f o r  th e  m u lt ip le x in g  o f  th e  d ig ita l s ig n a l in  th e  te le v is io n  c h a n n e l  h a v e  b e e n  
id e n t i f ie d .  T h e y  a re :

— “ in te r ru p te d  m u l t ip le x in g ” c o r r e s p o n d in g ,  f o r  e x a m p le , to  th e  in c lu s io n  o f  d ig i ta l  p u ls e s  in  th e  lin e  
s y n c h ro n is a t io n ,  e i th e r  in  b a s e b a n d  (sy s te m  B, see  § 4.3.1 o f  R e p o r t  6 3 2 ), o r  a t r a d io  f re q u e n c y  (sy s te m  C , see 
§ 4 .3 .3  o f  R e p o r t  6 3 2 ); th is  m e th o d  c o r r e s p o n d s  to  th e  p r in c ip le  o f  t im e -d iv is io n  m u lt ip le x in g ,  w h ic h  is u se d  
in  a  g e n e ra l is e d  m a n n e r  i f  th e  im a g e  s ig n a l is b a s e d  o n  th e  c o d in g  o f  t im e -c o m p re s s e d  c o m p o n e n ts  
(M A C  sy s te m );

— “ u n in te r r u p te d  m u l t ip le x in g ” c o r r e s p o n d in g ,  f o r  e x a m p le , to  d ig i ta l  p u ls e s  o n  a  s u b - c a r r ie r  (sy s te m  A , see  
§ 4 .2 .2  o f  R e p o r t  6 3 2 ); th is  m e th o d  c o r r e s p o n d s  to  th e  p r in c ip le  o f  f re q u e n c y -d iv is io n  m u lt ip le x in g ,  w h ic h  is 
u s e d  in  a  g e n e ra lis e d  m a n n e r  i f  th e  im a g e  is b a s e d  o n  th e  c o d in g  o f  a c o m p o s ite  s ig n a l  w ith  a  c o lo u r  
s u b -c a r r ie r .

T h e  c a se  o f  s o u n d  w ith  n o  v id e o  is c o n s id e re d  to  b e  a  s p e c ia l c a se  o f  th e  u n in te r r u p te d  m u lt ip le x . B e fo re  
c o n s id e r in g  th e  m u lt ip le x  o f  s o u n d  w ith  d a ta ,  it is n e c e s s a ry  to  c o n s id e r  th e  im p lic a t io n s  o f  th e  b e a r e r  c h a n n e l  o n  
s e rv ic e s  b e in g  c a r r ie d .

S e rv ic e s  fa ll in to  fo u r  c a te g o r ie s :

(a )  th o s e  in  w h ic h  th e  d a ta  is g e n e r a te d  a t a  r e g u la r  r a te  a n d  w h ic h  m u s t  b e  r e c o v e re d  a t  a  r e g u la r  r a te  a n d  fo r  
w h ic h  p r o p a g a t io n  tim e  is c r i t ic a l  (e .g . d ig ita l  s o u n d ) ;

(b )  th o s e  in w h ic h  th e  d a ta  is g e n e r a te d  a t a n  i r r e g u la r  r a te ,  b u t  f o r  w h ic h  p r o p a g a t io n  t im e  is c r i t ic a l  (e.g . c o d e d  
s u b - t i t le s  f o r  a n  a c c o m p a n y in g  te le v is io n  p r o g ra m m e ) ;

(c) th o s e  in  w h ic h  d a ta  is g e n e ra te d  a t a n  i r r e g u la r  r a te  a n d  fo r  w h ic h  th e  p r o p a g a t io n  t im e  is, w ith in  l im its , 
u n im p o r t a n t  (e.g . s e rv ic e  m e s sa g e s );

(d )  th o s e  in  w h ic h  th e  d a ta  is b r o a d c a s t  c y c lic a lly  a t  a  r a te  su c h  a s  to  fu lly  o c c u p y  th e  s p a re  c a p a c ity  o f  th e  
sy s te m  (e.g . c e r ta in  fo rm s  o f  c o d e d  te x t a n d  c o m p u te r  so f tw a re  b ro a d c a s tin g ) .

I t is c le a r  f ro m  th is  th a t  th e  m o s t  im p o r ta n t  se rv ic e , s o u n d , is a lso  th e  m o s t  c r i t ic a l  a s  f a r  a s  th e  b e a r e r  
c h a n n e l  is c o n c e r n e d ,  a n d  w ill th e r e fo r e  b e  c o n s id e re d  h e re  in  m o re  d e ta il .

S o u n d  s a m p le s  c a n  b e  c o n s id e re d  a s  b e in g  g e n e ra te d  re g u la r ly  (e .g . a t  32  k H z  ra te ) . A t th e  re c e iv e r , it is 
n e c e s s a ry  to  re c o v e r  th e  r e g u la r i ty  o f  th e  a u d io  s a m p le s  in  o r d e r  to  a v o id  d i s to r t io n  o r  “ w o w in g ” o f  th e  s o u n d . 
T h is  o p e r a t io n  re q u ire s  th e  re c o v e ry  o f  th e  a u d io  c lo c k , w h ic h  c a n  b e  a c h ie v e d  b y  th e  fo l lo w in g  tw o  m e th o d s :

— w h e n  th e  c h a ra c te r is t ic  f re q u e n c ie s  o f  th e  b e a r e r  c h a n n e l  a re  a s y n c h ro n o u s  a n d  c o m p le te ly  u n r e la te d  to  th e
s a m p lin g  f re q u e n c y  o f  th e  a u d io ,  it is n e c e s sa ry  to  u se  so m e  fo rm  o f  e la s t ic  “ f i r s t - in ,  f i r s t - o u t” s to re  a n d  c lo c k
r a te  w ith  s u f f ic ie n t  p re c is io n ,  w ith  o r  w ith o u t  f e e d b a c k , su c h  th a t  th e  r a te  o f  r e a d in g  o u t  f ro m  th e  s to r e  is
m a d e  e q u a l to  th e  a v e ra g e  ra te  o f  f i l l in g  th e  s to r e ;

— w h e n  th e  c h a ra c te r is t ic  f re q u e n c ie s  o f  th e  b e a r e r  c h a n n e l  a r e  s y n c h ro n o u s  w ith  o r  r e la te d  b y  a r a t io n a l  
f r a c t io n  to  th e  s a m p lin g  f re q u e n c y  o f  th e  a u d io ,  th e n  th e  b e a re r  c h a n n e l  i t s e l f  m a y  b e  u se d  to  c o n v e y  th e  
a u d io  c lo c k  f re q u e n c y . In  th e  c a se  w h e re  a  r e la t io n s h ip  b e tw e e n  th e  s a m p lin g  f r e q u e n c y  a n d  th e  b it  r a te  o f  
th e  b e a r e r  c h a n n e l  is in  th e  fo rm  o f  p / q ,  th e  c lo c k  re c o v e ry  c a n  be o b ta in e d  b y  a  p h a s e  lo c k e d  lo o p . A s a n  
e x a m p le ,  fo r  in te r ru p te d  d ig i ta l  s ig n a ls ,  th e  32 k H z  c a n  b e  re c o v e re d  if  r e la te d  to  lin e  f r e q u e n c y  b y  th e  r a t io  
o f  2 5 6 : 125. I f  th e  r e la t io n s h ip  is in  th e  fo rm  o f  1/ m, a  s im p le  d iv is io n  is s u f f ic ie n t  a n d  re d u c e s  th e  re c e iv e r  
c o s ts . A s a n  e x a m p le , fo r  u n in te r r u p te d  d ig ita l  s ig n a ls , th e  s o u n d  c lo c k  c a n  re a d i ly  b e  r e c o v e re d  if  th e  o v e ra ll  
b i t  r a te  is a n  in te g e r  m u lt ip le  o f  32 k H z  (e.g . 2048 o r  1792 k b i t / s ) .

T h e  f irs t  m e th o d  p la c e s  m u c h  o f  th e  c o m p le x i ty  in  th e  d o m e s tic  r e c e iv e r  d e s ig n  w h ile  g iv in g  a re la t iv e ly  
s im p le  t r a n s m i t t e r  d e s ig n . T h e  p ro c e s s  o f  su c h  a s y n c h ro n o u s  c lo c k  re c o v e ry  c a n  a ls o  le a d  to  t im in g  j i t t e r  o n  
r e c o v e re d  c lo c k s , p a r t ic u la r ly  in  a  d o m e s tic  d e s ig n  w h e re  c o s t  m u s t  b e  m in im is e d .
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T h e  s e c o n d  m e th o d  r e q u ire s  th a t  a ll  th e  s a m p lin g  f re q u e n c ie s  o f  th e  a u d io  c h a n n e ls  a r e  s y n c h ro n is e d  to  
th e  b e a r e r  c h a n n e l ,  le a d in g  to  c o m p le x i ty  a t  th e  t r a n s m i t te r  in  r e q u i r in g  s a m p lin g  r a te  s y n c h ro n is e r s ,  b u t  r e s u l ts  in  
th e  s im p le s t  a n d  m o s t  s ta b le  sy s te m  d e s ig n  fo r  d o m e s tic  re c e iv e rs .

T h e  in h e re n t ly  in te r m i t te n t  n a tu r e  o f  a  T D M  c h a n n e l  a n d  th e  b a s ic  p r in c ip le s  o f  th e  p a c k e t  m u lt ip le x in g  
sy s te m  p re v e n t  th e  d ir e c t  s ig n a ll in g  o f  p re c is e  t im e  o r  p h a s e  r e la t io n s h ip s  su c h  a s  th o s e  n e e d e d  f o r  s o m e  ty p e s  o f  
c o n tro l  s ig n a ls  o r  m u lt i - c h a n n e l  s o u n d . In  su c h  o r  s im ila r  c a se s , c o d in g  e f f ic ie n c y  m a y  b e  p r e s e rv e d  b y  t a k in g  
a d v a n ta g e  o f  th e  te le v is io n  s y n c h ro n iz in g  s ig n a ls  to  p ro v id e  a  r e fe re n c e  t im in g  g r id , a n d  u s in g  th e  r e la t io n s h ip  
b e tw e e n  th e  s o u n d  c o d in g  b lo c k s  a n d  th e  t im in g  re fe re n c e . S u c h  a  m e th o d  is d e s c r ib e d  in  P a r t  3 , C h a p te r  3 , o f  th e  
C C I R  S p e c ia l P u b l ic a t io n  “ S p e c if ic a t io n  o f  T ra n s m is s io n  S y s te m s  fo r  th e  B r o a d c a s t in g -S a te l l i te  S e rv ic e ” .

T h e  t im in g  p ro b le m s  o f  d a t a  s e rv ic e s  (b ) , (c) a n d  (d )  (a s  c a te g o r iz e d  a b o v e )  a r e  r a th e r  less  c r i t ic a l  t h a n  f o r  
th e  s o u n d  se rv ic e s  a n d  th e r e fo re  d o  n o t  p r e s e n t  a n y  s p e c ia l  p ro b le m s .

It is c le a r  f ro m  th is  th a t  s y n c h ro n o u s  o p e r a t io n  o f  th e  s o u n d  c h a n n e l s  w ith  th e  b e a r e r  c h a n n e l  is a n  
a d v a n ta g e  i r r e s p e c tiv e  o f  th e  m e th o d  b y  w h ic h  th e  s o u n d  a n d  d a ta  c h a n n e ls  a r e  th e m se lv e s  m u l t ip le x e d  to  fo rm  
th e  d ig i ta l  s ig n a l.

4. Multiplexing of the sound and data channels

T h e  s in g le  d ig i ta l  c h a n n e l  c o n s id e re d  in  § 3 a b o v e  fo r  m u lt ip le x in g  w ith  th e  v id e o  is i t s e l f  p r o d u c e d  b y  
t im e  d iv is io n  m u lt ip le x  o f  th e  v a r io u s  s o u n d  a n d  d a ta  s ig n a ls .  T w o  b a s ic  m u l t ip le x in g  c o n c e p ts  a re  p o s s ib le ,  w h ic h  
w ill b e  d e s c r ib e d  a s  “ c o n t in u o u s ” a n d  “ p a c k e t” .

4 .1 C o n tin u o u s m u ltip lex in g

In  c o n v e n t io n a l  c o n t in u o u s  m u lt ip le x in g , a  g iv e n  f ix e d  n u m b e r  o f  d ig i t s  ( c a l le d  a  f r a m e )  c o n s is ts  o f  b i ts ,  
e a c h  o f  w h ic h  is a s s ig n e d  a  sp e c if ic  p u r p o s e  a c c o r d in g  to  its  p o s i t io n  in  th e  f ra m e . T h u s ,  p a r t i c u la r  b i ts  a r e  
d e d ic a te d  to  c o n v e y  th e  in f o r m a t io n  r e la t in g  to  o n e  in p u t  s ig n a l. A  p r e d e te r m in e d  p a t t e r n  o f  b i ts  ( a  f r a m e  
a l ig n m e n t  w o rd )  e n a b le s  th e  r e c e iv e r  to  id e n t i fy  a n d  e x t r a c t  th e  p a r t i c u la r  b i ts  w h ic h  c o n v e y  e a c h  s ig n a l  in  th e  
m u lt ip le x .

T h e  s im p le s t  f o rm  o f  su c h  a  m u lt ip le x  h a s  in p u t  s ig n a ls  w h o s e  b i t  r a te  is  a  p r e c is e  s u b - m u l t ip le  o f  th e  f in a l
s e r ia l  b i t  ra te . T h is  is  k n o w n  a s  s y n c h ro n o u s  m u lt ip le x in g . W h e n  th is  c o n d i t io n  d o e s  n o t  a p p ly ,  a  p ro c e s s  o f  
a s y n c h ro n o u s  m u l t ip le x in g  is p o s s ib le  b y  a r r a n g in g  c e r ta in  b its  w ith in  th e  f r a m e  to  c a r ry  e i th e r  r e a l  o r  d u m m y  
in f o rm a t io n  a c c o r d in g  to  a  c o n t r o l  s ig n a l.  T h is  p ro c e s s  is k n o w n  as  ju s t i f i c a t io n .  A n  a l te r n a t iv e  m e th o d  c a n  b e  
u se d  fo r  s o u n d  s ig n a ls  in  w h ic h  th e  s a m p lin g  r a te  is a d ju s te d  b y  m e a n s  o f  a  s y n c h ro n is e r  so  t h a t  s y n c h ro n o u s  
m u l t ip le x in g  c a n  b e  u se d . P ro p o s a ls  h a v e  b e e n  m a d e  to  u se  c o n t in u o u s  m u l t ip le x in g  in  th e  a s y n c h ro n o u s  m o d e , 
b y  u se  o f  ju s t i f i c a t io n ,  to  in s e r t  a u d io  s ig n a ls  s a m p le d  a t  32  k H z  in  th e  l in e - b la n k in g  in te r v a l ,  b u t  o th e r  m e th o d s  
a r e  a ls o  p o s s ib le . I t  is c le a r  f ro m  § 3 th a t  th e  s y n c h ro n o u s  fo rm  o f  m u l t ip le x in g  h a s  m a n y  a d v a n ta g e s .

C o n t in u o u s  m u lt ip le x  sy s te m s  r e q u ire  o n ly  a  sm a ll  p r o p o r t io n  o f  th e  to ta l  b i t  r a te  f o r  “ o v e r h e a d s ” su c h  a s 
f r a m in g .  A n  e x a m p le  o f  th e  e f f ic ie n c y  w h ic h  c a n  b e  o b ta in e d  in  a  r e g u la r  m u l t ip le x in g  sy s te m  is g iv e n  b y  
N I C A M  3 [C a in e  e t  a l., 1980] w h ic h  o n ly  u se s  7 k b i t / s  o u t  o f  th e  to ta l  2 0 4 8  k b i t / s  f o r  f r a m in g .  T h e  ty p ic a l  
r e f r a m in g  t im e  a f te r  lo ss  o f  s y n c h ro n iz a t io n  fo r  th is  sy s te m  is 2 m s.

In  n o rm a l  s e rv ic e , s o u n d  c h a n n e l  re -a s s ig n m e n t  w ill b e  r e la t iv e ly  in f r e q u e n t  b e c a u s e  o f  th e  c o n t in u o u s  
n a tu r e  o f  s o u n d . A  c o n t in u o u s  m u l t ip le x in g  sy s te m  is th e r e fo r e  p a r t ic u la r ly  s u i te d  to  th is  a p p l ic a t io n  w ith  a  
r e la t iv e ly  lo w  o v e r h e a d  re q u ire d  f o r  s e c u re  d e f in i t io n  o f  th e  s o u n d  c h a n n e l  s t r u c tu r e .  A  sm a ll c a p a c i ty  c a n  b e  u s e d  
fo r  s ig n a ll in g  to  in d ic a te  c h a n g e  o f  u se  o f  c h a n n e l  a n d  th u s  p r o v id e  f le x ib il i ty .  T h e  c a p a c ity  o f  a n y  c h a n n e l  n o t  
u s e d  f o r  s o u n d  c a n  b e  a s s ig n e d  to  d a ta .  In  th e  c a se  o f  d a ta ,  th e  d e ta i le d  s t r u c tu r e  c a n  b e  c a r r ie d  in  th e  d a ta  
c h a n n e l  in  a  w a y  s im ila r  to  th a t  u se d  in  p a c k e t  m u lt ip le x in g  w ith  a  c o n s ta n t  le n g th  o f  p a c k e ts  ( se e  § 4 .2 ). T h is  
m e th o d  d o e s  n o t  th e r e fo r e  in v o lv e  a n y  in c re a s e  in  th e  m u lt ip le x  o v e rh e a d s  to  in d ic a te  th e  p r e s e n c e  o f  d a ta .  T h e  
a im  o f  su c h  a  s t r u c tu r e  is  to  e x p lo i t  to  th e  u tm o s t  th e  c h a n n e l  c a p a c i ty  f o r  th e  u se fu l in f o rm a t io n  w ith  a  
r e a s o n a b le  d e g re e  o f  f le x ib il i ty , a s  w ell a s  s im p lic i ty  a n d  s ta b il i ty  in  th e  r e c e iv e r  d e s ig n .
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A n  a d v a n c e d  fo rm  o f  c o n t in u o u s  m u lt ip le x in g  s tu d ie d  in  E u ro p e  in v o lv e s  th e  t r a n s m is s io n ,  in  th e  d ig ita l 
f r a m e , o f  c o d e d  in f o rm a t io n  k n o w n  as  a  “ s t r u c tu r e  m a p ” ; th is  in d ic a te s  th e  p a r t ic u la r  c o n f ig u ra t io n  o f  th e  
m u lt ip le x . T h e  a d d re s s e s  a n d  se rv ic e  in f o rm a t io n  a r e  c a r r ie d  in  th is  s t r u c tu r e  m a p  a n d  th e y  se rv e  to  c o n tro l  th e  
d e m u l t ip le x e r  w h ic h  se le c ts  th e  r e q u ire d  b its  a n d  fe e d s  th e m  to  th e  a p p r o p r i a t e  d e c o d e rs .  T h is  m e th o d  e n a b le s  th e  
p ro v is io n  o f  th e  d e s ire d  f le x ib il i ty  in  a  c o n t in u o u s  m u lt ip le x , th e  c o n f ig u ra t io n  o f  w h ic h  m a y  th u s  b e  re v ise d  
f re q u e n tly .  A  ty p ic a l  u se fu l c h a n n e l  e f f ic ie n c y  o f  99%  is p o ss ib le . O th e r  f o rm s  o f  c o n t in u o u s  m u lt ip le x in g  a re  
d e s c r ib e d  in  [C C IR , 1982-8 6 a , c].

The d i g i t a l  s u b c a r r i e r  NTSC s y s te m  ( s e e  R e p o r t  1073 (MOD F) h a s  a 
c o n t in u o u s  m u l t i p l e x i n g  s t r u c t u r e  f o r  so u n d  a n d  d a t a  c h a n n e l s ,  w i th  c o n t r o l  
c o d e s  i n  a  d i g i t a l  fram e  i n d i c a t i n g  th e  s t r u c t u r e  o f  th e  f r a m e . The sy s te m  
a l s o  h a s  a  p a c k e t  m u l t i p l e x i n g  s t r u c t u r e  w i t h i n  t h e  d a t a  c h a n n e l  a r e a  
[CCIR, 1 9 8 6 - 9 0 a ] .

4 .2  P a ck e t m u ltip lex in g

In  th is  c a s e , th e  f in a l b i t  s tr e a m  is c o m p o s e d  o f  su c c e ss iv e  b lo c k s , c a l le d  p a c k e ts ,  w ith  tw o  p a r ts :  h e a d in g  
a n d  d a ta .  E a c h  p a c k e t  c o n v e y s  d a t a  f ro m  o n ly  o n e  in p u t  s ig n a l  a n d  th e  s e le c tio n  in  th e  r e c e iv e r  is  r e a l is e d  b y  
d e te c t io n  in  th e  h e a d in g  o f  th e  a d d r e s s  o f  th e  d e s ire d  se rv ic e : th is  m e th o d  d o e s  n o t  im p o s e  a  p r e d e te r m in e d  
c o n te n t  o n  th e  f in a l  b i t  s tre a m  [ C C I R , 1978-82a].

In  th e  fo rm  o f  th e  sy s te m  d e s ig n e d  fo r  b r o a d c a s t in g  a p p l ic a t io n s ,  th e  le n g th  o f  e a c h  p a c k e t  is c o n s ta n t .  
T h e  p a c k e ts  a re  t r a n s m i t te d  “ s y n c h ro n o u s ly ” w h ic h  m e a n s  th a t  th e r e  is c o n t in u i ty  o f  p h a s e  o f  th e  b in a r y  s e q u e n c e  
a n d  o f  th e  m o d u la te d  c a r r ie r ,  b e tw e e n  p a c k e ts  o r  g ro u p s  o f  p a c k e ts .  T h e  p a c k e ts  a r e  a ls o  t r a n s m i t te d  w ith  r e g u la r  
p e r io d ic i ty .  T h e  c h e c k in g  p ro c e s s  th e n  b e c o m e s  a  s y n c h ro n is a t io n  p ro c e s s  s im ila r  to  th a t  u se d  in  a  c o n t in u o u s  
m u lt ip le x  s t ru c tu re . T h is  s y n c h ro n is a t io n  c a n  b e  d o n e  in  a  c o n v e n t io n a l  m a n n e r  b y  th e  u se  o f  a  lo o p  lo c k e d  to  a  
s y n c h ro n is a t io n  f la g  in  th e  h e a d in g  o f  e a c h  p a c k e t .  T h is  r e s t r ic t io n  o f  f ix e d  o v e ra l l  p a c k e t  le n g th  d o e s  n o t  im p ly  a  
f ix e d  le n g th  o f  th e  s e c tio n  c o n ta in in g  u se fu l  d a ta .

W ith in  th e  c o n s t r a in ts  o f  p e r io d ic  p a c k e t  t r a n s m is s io n ,  th e  r a te  a t  w h ic h  p a c k e ts  a re  t r a n s m i t te d  f o r  a  
p a r t i c u la r  se rv ic e  is re la te d  d ir e c t ly  to  th e  b i t  r a te  o f  th e  in p u t  s ig n a l  o f  th e  a s s o c ia te d  se rv ic e . In  p a c k e t  
m u lt ip le x in g ,  it is p o s s ib le  to  o p e r a te  s y n c h ro n o u s ly  o r  a s y n c h ro n o u s ly .  In  th e  la t te r  c a s e , th e  b i t  r a te s  o f  th e  
v a r io u s  in p u t  s ig n a ls  d o  n o t  n e e d  to  b e  re la te d  d i r e c t ly  to  th e  f in a l  s e r ia l  b i t  ra te . T h u s , n o  sp e c ia l  p ro v is io n s  a r e  
n e c e s s a ry  fo r  a c c o m m o d a t in g  a s y n c h ro n o u s  s ig n a ls .  T h e  c o n te n t  o f  th e  m u lt ip le x  d o e s  n o t  n e e d  to  b e  p r e ­
d e te r m in e d  o r  f ix e d  a n d  c a n  b e  c h a n g e d  a t  a n y  t im e  to  b e  a d a p te d  to  th e  n e e d s . In  th e  c a s e  o f  a s y n c h ro n o u s  
o p e r a t io n  fo r  s o u n d  s e rv ic e s  (e .g . f o r  in s e r t io n  o f  s o u n d  s ig n a ls  in  th e  l in e - b la n k in g  in te rv a l) ,  p a c k e t  m u lt ip le x in g  
in h e r e n t ly  p e rm its  th e  a s y n c h ro n o u s  in s e r t io n  in to  th e  f in a l  b i t  s t r e a m  b u t  th e  re c o v e ry  o f  th e  s a m p lin g  f re q u e n c y  
n e e d s  r e s y n c h r o n is a t io n  p ro c e s s e s  a s  d e s c r ib e d  in  § 3.

A  p a c k e t  is f o rm e d  o f  tw o  p a r ts :

— a  s e c tio n  c o n ta in in g  u s e fu l  d a ta ,

— a  h e a d in g ,  sp e c if ic  to  th e  t r a n s m i t t e r ,  w h ic h  s e rv e s  to  s y n c h ro n is e  th e  r e c e iv e r  a n d  to  id e n t i fy  th e  so u rc e  o f  
th e  d a ta  in s e r te d  in  th e  p a c k e t  a n d  f o r  th e  t r a n s m is s io n  o f  o th e r  in f o rm a t io n .  T h e  h e a d in g  c o n ta in s  a 
s y n c h ro n is a t io n  f la g  fo l lo w e d  b y  a  p re f ix .
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T h e  s y n c h ro n is a t io n  f la g  e n a b le s  th e  re c e iv e r  to  e x tr a c t  th e  b y te s  c o m p r is in g  th e  p a c k e t .  I t h a s  a  ro le  
e q u iv a le n t  to  th a t  o f  a  lo c k in g  w o rd  in  th e  c a se  o f  a  c o n t in u o u s  m u lt ip le x . In  a  p e r io d ic  t r a n s m is s io n ,  it c a n  a ls o  
b e  u se d  fo r  th e  s y n c h ro n is a t io n  o f  th e  lo o p  w h ic h  se rv e s  fo r  th e  c h e c k in g  p ro c e s s . W e s h o u ld  n o te  a ls o  th e  
p o s s ib il i ty  o f  u s in g  th is  f la g  to  re m o v e  th e  a m b ig u i ty  d u e  to  c e r ta in  d e m o d u la t io n  p r o c e s s e s ;  su c h  a n  a r r a n g e m e n t  
is a d v a n ta g e o u s  in  th a t  it a v o id s  th e  c o d in g  o f  t r a n s i t io n s  a n d ,  h e n c e , a  c e r ta in  p r o p a g a t io n  o f  t r a n s m is s io n  e r ro r s .

T h e  ro le  o f  th e  p re f ix  is to  c h a r a c te r is e  a n d  id e n t i fy  th e  s e m a n t ic  c o n te n t  o f  th e  p a c k e t  a n d ,  m o r e  
e s p e c ia l ly , th e  so u rc e  o f  th e  d a t a  in s e r te d  in  th e  u se fu l d a ta  s e c tio n . S e v e ra l  p re f ix  c o n f ig u ra t io n s  c a n  b e  
e n v is a g e d . In  p a r t ic u la r ,  it m a y  b e  p o s s ib le  to  u se  th e  p re f ix  c o n f ig u ra t io n s  c o n s id e re d  fo r  d a t a  b r o a d c a s t in g  
[C C IR , 1978-82b].

T h e  in c r e a s e d  f le x ib il i ty  to  th e  d a ta  o f  th e  p a c k e t  m u lt ip le x  sy s te m  is o b ta in e d  a t  th e  p r ic e  o f  in c r e a s e d  
c h a n n e l  o v e rh e a d  fo r  th e  p a c k e t  h e a d e r s  w h ic h  in c lu d e s , in  n o r m a l  o p e r a t i o n ,  th e  in s e r t io n  o f  p r o g ra m m e  
id e n tif ie r s .  A  ty p ic a l  u se fu l c h a n n e l  e f f ic ie n c y  o f  97%  is p o ss ib le .

4.3  Sensitivity o f  continuous and packet multiplex systems to errors

4.3.1 Continuous multiplexing

T h e  c o n t in u o u s  m u l t ip le x in g  p ro c e s s  is su s c e p t ib le  to  tw o  s o r ts  o f  im p a i rm e n ts :

— b it  e r ro r s ,

— f ra m e  s y n c h ro n is a t io n  lo ss .

E r ro r s  in t ro d u c e d  in to  m u lt ip le x  s ig n a ls  c a n  c a u s e  lo ss  f o r  a  c e r ta in  n u m b e r  o f  c o n s e c u t iv e  f ra m e s  
o f  s y n c h ro n is m  a t  th e  d e m u l t ip le x e r ,  w h e n  th e  f r a m in g  p a t te r n  is  n o t  r e c o g n is e d . C a re fu l  a t t e n t io n  to  th e  
d e s ig n  o f  f r a m in g  c ir c u i ts  c a n  m in im is e  th e  r isk  o f  lo s in g  s y n c h r o n i s m ;  fo r  e x a m p le ,  th e  d e c o d in g  
e q u ip m e n t  f o r  th e  N I C A M  3 sy s te m  m e n t io n e d  e a r l ie r  r e m a in s  s y n c h ro n is e d  u n t i l  th e  b i t  e r r o r  r a t io  
a p p r o a c h e s  1 in  10. A  v e ry  ru g g e d  s y n c h ro n is a t io n  o f  f r a m in g  c a n  b e  a c h ie v e d  b y  u s in g  s p e c ia l  ty p e  
s y n c h ro n is a t io n  c o d e s  (i.e . th e  c la s s  o f  B a rk e r  c o d e s ) . W ith  th is  im p le m e n ta t io n  a  v e ry  r a p id ,  a s  w ell a s  a  
v e ry  s ta b le  s y n c h ro n is a t io n  lo c k in g  a t  B E R  o f  1 0 “ 1 is fe a s ib le  [ C C I R , 1982-86a].

4 .3 .2  Packet multiplexing

T h e  p a c k e t  b r o a d c a s t in g  p ro c e s s  is su s c e p t ib le  to  tw o  s o r ts  o f  im p a i r m e n ts :  -

— b i t  e r ro r s ,

— p a c k e t  lo ss .

In  e f fe c t, f o r  e a c h  s o u rc e  th e re  is a  d ig i ta l  c h a n n e l  id e n t i f ic a t io n  c a r r ie d  in  th e  p a c k e t  p re f ix . I n  th e  
d e m u l t ip le x e r ,  th e  p a c k e ts  a r e  se le c te d  b y  a n a ly s is  o f  th is  id e n t i f ic a t io n .  E r r o r s  in  th is  in f o r m a t io n ,  d e s p i te  ~
its p r o te c t io n ,  a r e  lik e ly  to  r e s u l t  in  p o o r  r e c o g n i t io n  o f  th e  a d d r e s s  o f  th e  t r a n s m is s io n  s o u r c e  a n d  h e n c e , 
in  th e  lo ss  o f  th e  p a c k e t ,  th is  b e in g  a p p a r e n t  a t  s e rv ic e  lev e l a s  th e  lo s s  o f  a  c e r ta in  n u m b e r  o f  su c c e s s iv e  ~
b y te s  (w h ic h  d e p e n d s  o n  th e  f o rm a t  o f  th e  d a ta  s e c tio n  o f  th e  p a c k e t( s )  lo s t) .

T h is  p h e n o m e n o n  m u s t  r e su lt  in  a n  in te r ru p t io n  in  th e  s e q u e n c e  o f  th e  s e rv ic e  f r a m e  a n d  in  a  lo s s  -  
o f  s y n c h ro n is a t io n  in  th e  se rv ic e  te r m in a l .  N o n e th e le s s ,  s in c e  th e  le n g th  o f  th e  service fram e  is  a  
s u b -m u lt ip le  o f  a  fixed  packet le n g th , th e r e  w ill b e  a  lo ss  o f  in f o r m a t io n  w i th o u t  a  lo s s  o f  s y n c h ro n i s a t io n .

In  th is  c a s e  th e  p a c k e ts  a s s o c ia te d  w ith  a  g iv e n  s o u n d  s o u rc e  w ill a lw a y s  h a v e  a  f ix e d  a n d  ~  
p r e -d e te rm in e d  le n g th  w h ic h  is k n o w n  to  th e  d e m u lt ip le x e r .  I t  is  f o r  th is  r e a s o n  th a t  it  is  p r e f e r a b le  to  u se  
a  p re f ix  c o n f ig u ra t io n  w i th o u t  a  f o rm a t  b y te  in  th e s e  a p p l ic a t io n s .

S e v e ra l te s ts  o f  b r o a d c a s t in g  d ig i ta l  s o u n d  s ig n a ls  w ith  p a c k e t  m u l t ip le x in g  a n d  w ith  m o d u la t io n  
a p p r o p r ia te  f o r  s a te l li te  b r o a d c a s t in g  (w ith  te le v is io n  p ic tu re s )  h a v e  b e e n  m a d e  in  th e  l a b o r a to r y  a s  w e ll a s  
w ith  th e  O T S  s a te l li te  [E B U , 1981]. S o m e  re su lts  a re  a ls o  g iv e n  in  A n n e x  I to  R e p o r t  6 3 2 . I t h a s  b e e n  
s h o w n  th a t  th e  p a c k e t  lo s s e s  a p p r e c ia b ly  d e g r a d e  th e  s o u n d  q u a l i ty  o n ly  a t  le v e ls  o f  th e  c a r r ie r - to -n o is e  
r a t io  th a t  a r e  b e lo w  th e  F M  th r e s h o ld ,  w h e n  th e  te le v is io n  p ic tu r e  is  a l r e a d y  se v e re ly  im p a i r e d .  -

4 .4  Experimental results

D e m o n s t r a t io n s  o f  th e  c o n t in u o u s  m u lt ip le x  w ith  s t r u c tu r e  m a p  a n d  o f  th e  p a c k e t  m u l t ip le x  h a v e  b e e n  
c a r r ie d  o u t  b y  th e  E B U  in  a s s o c ia t io n  w ith  m o d u la t io n  sy s te m s  A  a n d  C  e n v is a g e d  e a r l ie r  f o r  s a te l l i te  
b r o a d c a s tin g .  M o re  re c e n tly , te s ts  h a v e  a ls o  b e e n  m a d e  o n  th e  p a c k e t  m u l t ip le x  in  a s s o c ia t io n  w ith  th e
D 2  m o d u la t io n  sy s te m  (see  R e p o r t  632). T h e  e x p e r im e n ta l  m u l t ip le x in g  s y s te m s  w e re  d e s ig n e d  to  p r o v id e  th e
g re a te s t  p o s s ib le  c a p a c ity ,  ta k in g  a c c o u n t  o f  th e  b i t  r a te  im p o s e d  f o r  th e  m o d u la t io n  s y s te m . T h e  te s ts  w e re  
c o n c e r n e d  in  p a r t i c u la r  w ith  th e  v a r io u s  m e th o d s  f o r  e n s u r in g  p r o te c t io n  a g a in s t  e r ro r s  a n d  w ith  th e  p o s s ib i l i t ie s  
f o r  r e c o n f ig u r in g  th e  m u lt ip le x  w ith  a  c h a n g e  in  th e  n u m b e r  a n d  n a tu r e  o f  th e  s o u n d  c h a n n e ls  a n d  th e  in s e r t io n
o f  d a ta  se rv ic e s . T h e  c o n c lu s io n s  a r e  s u m m a r iz e d  in  § 4.4.1 a n d  4 .4 .2 .
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— sy s te m  c a p a c ity  is e x p re s s e d  a s  a n  e q u iv a le n t  n u m b e r  o f  h ig h -q u a l i ty  s o u n d  c h a n n e ls  u s in g  n e a r - in s ta n ta n e o u s  
c o m p a n d in g  (see  R e p o r t  953 ) a n d  w ith  a  s im p le  e r ro r - p ro te c t io n  sy s te m ;

— th e  a v a i la b le  b it  r a te  w as 2 048  k b i t / s  w ith  ty p e  A  m o d u la t io n  ( s u b -c a r r ie r )  a n d  a b o u t  3 M b i t / s  (m e a n  v a lu e )
w ith  ty p e  C  m o d u la t io n  ( R F  t im e  m u ltip le x  w ith  a n  in s ta n ta n e o u s  b i t  r a te  o f  20 .25  M b i t / s )  a n d  a b o u t
1.5 M b i t / s  (m e a n  v a lu e )  w ith  ty p e  D 2  m o d u la t io n  ( b a s e b a n d  t im e  m u lt ip le x  w ith  d u o b in a r y  c o d in g  a n d
in s ta n ta n e o u s  b it  r a te  o f  10 .125 M b i t / s ) .

A  c o n t in u o u s  m u lt ip le x  w ith  r ig id  s t r u c tu r e  h a s  b e e n  e m p lo y e d  in  a  B ty p e  m o d u la t io n  sy s te m  (d e s c r ib e d  
in  R e p o r t  1073, T a b le  I I I ) .  W ith  th is  m u lt ip le x  t e c h n iq u e  th e  s t r u c tu r e  is e s s e n tia l ly  p r e d e f in e d  a n d  f ix e d  b y  
h a r d w a r e  im p le m e n ta t io n .  T h e  c a p a c ity  is d e te rm in e d  b y  th e  m o d u la t io n  a n d  c o d in g  te c h n iq u e  o n ly , a s  n o  
a d d i t i o n a l  o v e rh e a d  is r e q u ire d  to  d e f in e  th e  m u lt ip le x  s t ru c tu r e .  T h e  c h a ra c te r is t ic s  o f  th is  sy s te m  a r e  s u m m a r iz e d  
in  § 4 .4 .3 .

F o r  ty p e  B m o d u la t io n  ( b a s e b a n d  t im e  m u lt ip le x  w ith  fo u r - s ta te  c o d in g  a n d  a n  in s ta n ta n e o u s  b it  r a te  o f  
a p p r o x im a te ly  14.25 M b i t / s )  th e  a v a i la b le  b i t  r a te  is 1.57 M b i t / s .

4.4.1 Continuous multiplex with structure map

4.4.1.1 Capacity

In  a  ty p e  C  s y s te m , w ith  v id e o , th e  s t r u c tu r e  m a p  s y s te m  o f fe r s  c a p a c ity  e q u iv a le n t  to  8 
h ig h -q u a l i ty  c o m p re s s e d  s o u n d  c h a n n e ls .

A n y  c o m b in a t io n  o f  s o u n d  c h a n n e ls  w ith  l in e a r  c o d in g  o r  w ith  c o m p a n d in g  o r  o th e r  ty p e s  o f  
s o u n d  c h a n n e l  a re  p o s s ib le , p r o v id e d  th a t  th e  to ta l  c a p a c ity  is n o t  e x c e e d e d . A n y  r e m a in in g  c a p a c ity  m a y  
b e  u se d  fo r  d a ta .

In  a  ty p e  A  sy s te m , th e  m u lt ip le x in g  p e rm its  th e  b r o a d c a s t  t r a n s m is s io n  o f  6 c o m p a n d e d  a u d io  
c h a n n e ls  w ith  r e d u c e d  e r r o r - p r o te c t io n  (o n e  p a r i ty  b i t  f o r  e v e ry  tw o  s a m p le s ) .

4 .4 .1 .2  Flexibility o f  the multiplex

I t is e a sy  to  a c c o m m o d a te  th e  s a m p lin g  f re q u e n c ie s  a n d  c o d in g  m e th o d s  r e c o m m e n d e d  f o r  th e  
s o u n d . O th e r  s a m p lin g  f re q u e n c ie s  a n d  o th e r  c o d in g  m e th o d s  c o u ld  a ls o  b e  u se d . A n y  fo rm  o f  e r r o r  
p r o te c t io n  m a y  b e  a d o p te d .

T h e  d a ta  c h a n n e ls  c a n  h a v e  a  c a p a c ity  in c r e a s in g  in  s te p s  o f  100 b i t / s  a n d  r a n g in g  f ro m  th e  lo w e s t 
v a lu e s  u p  to  th e  e n t i r e  a v a i la b le  b i t  ra te .

M o d if ic a t io n s  to  th e  m u lt ip le x  s t r u c tu r e  c a n  b e  m a d e  r a p id ly  a n d  w ith  s e c u r i ty , so  th a t  a t  a n y  
m o m e n t  th e  b r o a d c a s t  c h a n n e l  c a n  b e  u s e d  in  th e  o p t im u m  f a s h io n  f o r  th e  c o m b in e d  t r a n s m is s io n  o f  
s o u n d  a n d  d a ta .  C h a n g e s  in  s t r u c tu r e  a r e  s y n c h ro n o u s  a n d  c a u s e  n e i th e r  a  v a r ia b le  d e la y  n o r  a n  
in te r r u p t io n  in  a n y  c h a n n e l .

In  th e  c a se  o f  a  sy s te m  C  n o t  c a r r y in g  a  v id e o  s ig n a l,  it  is p o s s ib le  to  in c r e a s e  th e  c a p a c i ty  
a v a i la b le  f o r  th e  s o u n d  a n d  d a t a  to  a b o u t  20  M b i t / s .

4 .4 .1 .3  Quality and continuity o f  the audio channels

T h e  m u lt ip le x in g  te c h n iq u e  p re s e rv e s  a ll th e  s y n c h ro n is a t io n  a n d  t im in g  in f o rm a t io n .  P h a se  
c o h e re n c e  is th e r e fo re  a s s u re d  b e tw e e n  a ll p r e s e n t  a n d  fu tu re  c h a n n e ls .  D if fe r e n t  e r ro r - p ro te c t io n  s tr a te g ie s  
m a y  b e  u se d  fo r  e a c h  o f  th e  a u d io  o r  d a t a  c h a n n e ls .

A n  e r r o r  in  th e  d e c o d in g  o f  th e  m a p , w h ic h  m a y  c a u s e  f a i lu re  o f  a ll th e  c h a n n e ls ,  c a n n o t  o c c u r  
e x c e p t  w ell b e lo w  th e  f a i lu r e  p o in t  o f  th e  a u d io  c h a n n e ls .

4 .4 .1 .4  Simplicity o f  the demultiplexer

C o n s t ru c t io n  o f  th e  d e m u l t ip le x e r  m a y  ta k e  th e  fo rm  o f  a  c i r c u i t  p r o v id in g  a ll th e  p ro te c t io n  a n d  
d e m u l t ip le x in g  f u n c t io n s ,  o r  a n  a u to n o m o u s  in te g r a te d  d e m u l t ip le x e r /d e c o d e r  fo r  e a c h  c h a n n e l .  T h e  lo g ic  
n e e d e d  w ill b e  th e  s a m e  f o r  a ll  ty p e s  o f  c h a n n e ls ,  in c lu d in g  th o s e  c a r r y in g  th e  s t r u c tu r e  m a p .

4 .4 .1 .5  System ruggedness

I t h a s  b e e n  d e m o n s tr a te d  th a t  th e  sy s te m  s y n c h ro n is a t io n  o p e r a te s  s a t is f a c to r i ly  a t  b i t - e r r o r  r a t io s  
s l ig h tly  lo w e r  th a n  1 0 ~ 1.

4 .4 .2  Packet multiplexing

4.4.2.1 Capacity

F o r  sy s te m  A , th e  p a c k e t  m u lt ip le x  o f fe r s  a  c a p a c ity  e q u iv a le n t  to  5 c o m p a n d e d  h ig h -q u a l i ty  
m o n o p h o n ic  a u d io  c h a n n e ls .

In  th e  c a se  o f  s y s te m  C , th e  s p e c if ic a t io n s  o f  th e  p a c k e t  m u l t ip le x in g  sy s te m  g iv e n  in  R e p o r t  1073 
o f fe r  c a p a c ity  e q u iv a le n t  to  8 c o m p a n d e d  h ig h - q u a l i ty  m o n o p h o n ic  a u d io  c h a n n e ls .  F o r  th e  D 2  sy s te m  
s p e c if ie d  in  th e  s a m e  R e p o r t  th e  o f fe re d  c a p a c i ty  is e q u iv a le n t  to  4  c o m p a n d e d  h ig h - q u a l i ty  m o n o p h o n ic  
a u d io  c h a n n e ls .

It is noted that:
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A n y  c o m b in a t io n  o f  s o u n d  c h a n n e ls  w ith  l in e a r  c o d in g  o r  w ith  c o m p a n d in g  o r  o th e r  ty p e s  o f  
s o u n d  c h a n n e l  a re  p o s s ib le , p ro v id e d  th a t  th e  to ta l  c a p a c ity  is n o t  e x c e e d e d . A n y  r e m a in in g  c a p a c ity  m a y  
b e  u se d  fo r  d a ta .

4 .4 .2 .2  Flexibility o f  ithe multiplex

T h is  m u lt ip le x  sy s te m  m e e ts  th e  r e q u ire m e n ts  se t o u t  in  R e p o r t  953 o n  s o u n d  c o d in g .  A s r e g a rd s  
th e  d a ta ,  it p e rm its  th e  in s e r t io n  o f  s y n c h ro n o u s  o r  a s y n c h ro n o u s  se rv ic e s , w ith o u t  a n y  lim it  o n  th e  b it  r a te  
( in  p a r t ic u la r ,  fo r  lo w  v a lu e s ) . C h a n g e s  in  c o n f ig u ra t io n  c a n  b e  a s s u r e d  r a p id ly  a n d  w ith  se c u r i ty . In  th e  
c a s e  o f  sy s te m  C , it is p o s s ib le ,  in  th e  a b s e n c e  o f  a  v id e o  s ig n a l, to  in c r e a s e  th e  c a p a c ity  a v a i la b le  fo r  th e  
s o u n d  a n d  d a ta  to  a b o u t  19.5 M b i t / s .

In  p r in c ip le ,  a n y  fo rm  w h a ts o e v e r  o f  e r r o r  p ro te c t io n  c a n  b e  u se d . T w o  lev e ls  o f  p r o te c t io n  a re  
p ro v id e d  in  th e  sy s te m  s p e c if ie d  in  R e p o r t  1073.

4 .4 .2 .3  Sound quality and continuity

E v e n  a t  h ig h  b i t  e r r o r  r a t io s  it h a s  b e e n  sh o w n  th a t  th e  q u a l i ty  a n d  c o n t in u i ty  o f  th e  s o u n d  a r e  
p re s e rv e d  a n d  th a t  m o d if ic a t io n s  in  th e  fo rm  o f  th e  s o u n d  s ig n a ls  to  m e e t o p e r a t io n a l  r e q u i r e m e n ts  a re  
e f fe c te d  w ith o u t  im p a i rm e n t  to  th e  a u d io  q u a l i ty . T im in g  c o h e re n c e  b e tw e e n  a u d io  c h a n n e ls  is a s s u re d .

4 .4 .2 .4  Simplicity o f  the demultiplexer

T h e  s e le c tio n  o f  a  g iv e n  c h a n n e l  is i n d e p e n d e n t  o f  its  c o n te n t  ( s o u n d  o r  d a ta )  a n d  th e r e fo r e  it c a n  
b e  e f fe c te d  in  th e  s a m e  m a n n e r  fo r  d e c o d e r s  fo r  a ll ty p e s  o f  se rv ic e .

T h is  f e a tu re  m a y  b e  u se d  to  im p le m e n t  a  s im p le  d e m u l t ip le x e r  f o r  e x is tin g  s e rv ic e s  a n d  f o r  th o s e  
y e t  to  b e  d e f in e d .

4 .4 .2 .5  System ruggedness

T h e  p a c k e t  m u l t ip le x in g  sy s te m  w ith  th e  s p e c if ic a t io n  d e f in e d  in  R e p o r t  1073 h a s  b e e n  te s te d . I ts  
c a p a b i l i ty  to  b r o a d c a s t  d i f f e r e n t  s o u n d  a n d  d a ta  c h a n n e ls  h a s  b e e n  v e r i f ie d  fo r  d if f e r e n t  b i t  e r r o r  r a t io s . 
T a b le  I g iv e s  i n f o r m a t io n  c o n c e r n in g  th e  e f f ic ie n c y  o f  th e  p r o te c t io n  a g a in s t  e r ro r s  o n  th e  h e a d e r  f ie ld .

TABLE I

Measured bit error ratio 
(during 30 s)

Packet loss rate

Measured
Calculated from the measured 

bit error ratio

6.6 x 10~5 0 0
, 3.2 x 10~4 0 l O - i o

1.2 x 1 0 -3 0 1.6 x 10-*
3.6 x 1 0 -3 0 1.4 x lO"6
9.2 x 1 0 -3 7.4 x 10 -5 5.5 x 10 -5

2 x 1 0 -2 1.2 x 10 -3 1.05 x 1 0 -3
3.8 x 10~2 io- 2 1.03 x 10 -2

6 x 1 0 -2 5.3 x 10-2 4.6 x 10"2
8.8 x lO"2 1.7 x 10 -' 1.38 x 1 0 -1

4 .4 .3  Continuous multiplex with rigid structure

4.4.3.1 Capacity

In  a  ty p e  B s y s te m  th e  r ig id  s t r u c tu r e  o f fe r s  6 in d e p e n d e n t  a u d io  c h a n n e ls  ( u s in g  A D M  c o d in g  (see  
R e p o r t  953 )). A d d i t io n a l ly  a  d a ta  c h a n n e l  o f  62 k b i t / s  is a v a ila b le .
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4 .4 .3 .2  Flexibility o f  the m ultip lex

A n y  a u d io  c h a n n e l  m a y  b e  r e c o n f ig u re d  in to  a  d a ta  c h a n n e l  w ith  a  d a ta  ra te  o f  20 4  k b i t / s .

4 .4 .3 .3  S o u n d  quality  a n d  continu ity

T im in g  c o h e re n c e  b e tw e e n  a u d io  c h a n n e ls  is a s s u re d . It h a s  b e e n  d e m o n s tr a te d  th a t  a u d io  q u a l i ty  
is im p a ire d  to  a  q u a li ty  r a t in g  o f  4 .4  a t  a  B E R  o f  1 0 - 4 , a n d  im p a ire d  to  a  q u a l i ty  g r a d e  o f  3.5 a t a  B E R  
o f  1 0 - \

4 .4 .3 .4  S im plic ity  o f  the dem ultip lexer

T h e  r ig id  s t r u c tu r e  a l lo w s  fo r  th e  s im p le s t  p o s s ib le  d e m u lt ip le x e r .

4 .4 .3 .5  S ystem  ruggedness

It h a s  b e e n  d e m o n s tr a te d  th a t  sy s te m  s y n c h ro n is a t io n  o c c u rs  s a t is f a c to r i ly  a t  b i t  e r ro r  r a t io s  w o rse
th a n  1 x  1 0 “ '. B o th  tw o - s ta te  a n d  fo u r - s ta te  c o d in g  is p ro v id e d  fo r  f le x ib il i ty  in  te rm s  o f  c a p a c ity  v e rsu s
ru g g e d n e ss . (T h e  c a p a c ity  d r o p s  to  o n e - h a l f  o f  th a t  sh o w n  in  § 4 .4.3.1 w h e n  tw o -le v e l c o d in g  is b e in g
u se d .)  In  b o th  c a ses  sy s te m  s y n c h ro n iz a t io n  is tw o -s ta te  e n c o d e d .

5. Conclusions

T h is  R e p o r t  h a s  o u t l in e d  tw o  b a s ic  m e th o d s  o f  m u lt ip le x in g  d ig ita l  s o u n d  a n d  o th e r  s ig n a ls  to g e th e r  f o r  
b r o a d c a s tin g .

S u m m a r is in g , c o n t in u o u s  m u lt ip le x in g  o f fe r s ,  in  th e  c o n te x t  o f  r ig id  s t r u c tu r e ,  a  sy s te m  w h ic h  is m o s t  
e f f ic ie n t  fo r  s o u n d  t r a n s m is s io n  a n d  r e su lts  in  a  s im p le  re c e iv e r . In  th e  c o n te x t  o f  f le x ib le  s t r u c tu r e ,  c o n t in u o u s  
m u lt ip le x in g  o f fe rs  a  sy s te m  w ith  a d e q u a te  f le x ib il i ty  a t  th e  p r ic e  o f  a  g r e a te r  r e c e iv e r  c o m p le x i ty  a n d  so m e  
in c r e a s e  o f  th e  b it  r a te  o v e rh e a d . T h e  p a c k e t  m u lt ip le x in g  sy s te m  in h e re n t ly  o f fe r s  a  g r e a t  f le x ib il i ty  w ith  a  
r e c e iv e r  o f  m e d iu m  c o m p le x ity  a t  th e  p r ic e  o f  b i t  r a te  o v e rh e a d . B o th  s y s te m s  r e q u ire  o n ly  s im p le  s y n c h ro n is a t io n  
c ir c u i ts  a t  th e  re c e iv e r  i f  th e  s a m p lin g  f re q u e n c ie s  o f  th e  s ig n a ls  to  b e  c o m b in e d  a re  s y n c h ro n o u s  o r  c a n  b e  
s y n c h ro n is e d . E a c h  sy s te m  is in  p r in c ip le  v u ln e ra b le  to  th e  e f fe c ts  o f  e r ro r ,  b u t  f r a m e  lo ss  a n d / o r  p a c k e t  lo ss  a re  
n o t  lik e ly  to  o c c u r  in  n o rm a l  o p e r a t io n .

F o r  th e  b r o a d c a s t  t r a n s m is s io n  o f  a  g r o u p  o f  d ig i ta l  a u d io  a n d  d a t a  s ig n a ls  a c c o m p a n y in g  th e  te le v is io n  
im a g e , th e  c h o ic e  o f  m u lt ip le x in g  sy s te m  d e p e n d s  p r in c ip a l ly  o n  th e  n a tu r e  a n d  d iv e r s i ty  o f  se rv ic e s , e v e n  i f  th e s e  
h a v e  n o t  y e t b e e n  id e n tif ie d . F a c to r s  in f lu e n c in g  th e  c h o ic e  a r e  e f f ic ie n c y , f le x ib il i ty  a n d  re c e iv e r  c o m p le x i ty . T h e  
tw o  m u lt ip le x in g  sy s te m s  th a t  h a v e  b e e n  e x a m in e d  in  E u ro p e  e a c h  p r o v id e s  a  s a t is f a c to ry  s o lu t io n  to  th e  o v e ra l l  
r e q u ire m e n ts  th a t  h a v e  b e e n  e x p re s s e d . In  v iew  o f  a ll  th e  r e le v a n t  f a c to rs ,  th e  p a c k e t  m u lt ip le x in g  h a s  b e e n  fu lly  
s p e c if ie d  fo r  sa te l li te  b r o a d c a s t in g  a t  12 G H z  w ith  6 2 5 - lin e  te le v is io n  s ta n d a rd s .  T h e  d e ta i le d  s p e c if ic a t io n s  o f  th e  
c h o s e n  p a c k e t  m u lt ip le x  ( in  a s s o c ia t io n  w ith  ty p e  C  a n d  D 2  m o d u la t io n )  a r e  g iv e n  in  R e p o r t  1073.

T h e  c o n t in u o u s  m u lt ip le x  w ith  r ig id  s t r u c tu r e  h a s  b e e n  fu lly  sp e c if ie d  f o r  s a te l li te  b r o a d c a s t in g  a t  12 G H z , 
a n d  is id e n t ic a l  f o r  e i th e r  a  5 2 5 - lin e  o r  6 2 5 - lin e  sy s te m . T h e  d e ta i le d  s p e c if ic a t io n s  fo r  th is  m u lt ip le x  ( in  
a s s o c ia t io n  w ith  ty p e  B m o d u la t io n )  a re  g iv e n  in  R e p o r t  1073 , T a b le  I I I .
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REPORT 1227*

SATELLITE BROADCASTING SYSTEMS FOR ISDB 
(INTEGRATED SERVICE DIGITAL BROADCASTING)

( Q u e s t io n  2 /1 0  a n d  1 1 , S tu d y  Program m e 2N /10  a n d  11)

(1 9 9 0 )

1 . I n t r o d u c t i o n

The g ro w in g  p o p u l a r i t y  o f  s u c h  d i g i t a l  p r o d u c t s  a s  c o m p a c t d i s c s , 
d i g i t a l  a u d io  t a p e s ,  v id e o  gam es, d i g i t a l  t e l e v i s i o n ,  p e r s o n a l  c o m p u te r s  a n d  
d i g i t a l  f a c s i m i l e s  h a s  made th e  g e n e r a l  p u b l i c  m ore a n d  m ore a c c u s to m e d  to  
h i g h - q u a l i t y ,  r e l i a b l e  a n d  e a s y - t o - u s e  co n su m er d i g i t a l  d e v i c e s .  T h i s ,  a s  a  
m a t t e r  o f  c o u r s e ,  h a s  l i k e w i s e  p ro m p te d  c o n su m e rs  t o  s e e k  th e  a d v a n ta g e s  
i n h e r e n t  i n  t h e  d i g i t i z a t i o n  o f  b r o a d c a s t i n g .  The c o n c e p t  o f  i n t e g r a t e d  s e r v i c e  
d i g i t a l  b r o a d c a s t i n g  (ISD B) th u s  w as b o r n .  I t  e n a b le s  t h e  t r a n s m i s s i o n  o f  
v a r i o u s  k in d s  o f  i n f o r m a t i o n ,  d i g i t a l l y  e n c o d e d  an d  s y s t e m a t i c a l l y  i n t e g r a t e d  on
a  s i n g l e  d i g i t a l  b r o a d c a s t i n g  c h a n n e l .

T h is  R e p o r t  d i s c u s s e s , t h e  b a s i c  c o n c e p t  an d  t e c h n i c a l  c o n s i d e r a t i o n s  o f  
t h e  ISDB s y s te m , a n d  a t  t h e  sam e t im e  s e e k s  t o  a d v a n c e  some i d e a s  f o r  i t s  f u t u r e  
d e v e lo p m e n t v i a  s a t e l l i t e .

2 . C o n c e p t o f  ISDB s v s te m

I n  th e  ISDB s y s te m , many k in d s  o f  i n f o r m a t io n  s u c h  a s  s o u n d , t e l e t e x t ,  
s t i l l p i c t u r e s , f a c s i m i l e ,  c o m p u te r  s o f tw a r e  an d  e v e n  t e l e v i s i o n  s i g n a l s ,  fro m  
d i f f e r e n t  o r i g i n a t i n g  s o u r c e s ,  a r e  d i g i t a l l y  e n c o d e d , s y s t e m a t i c a l l y  i n t e g r a t e d ,  
an d  t r a n s m i t t e d  b y  a  s i n g l e  d i g i t a l  b r o a d c a s t i n g  c h a n n e l .  D i g i t i z a t i o n  i n  th e  
ISDB s y s te m  n o t  o n ly  m akes p o s s i b l e  h i g h - q u a l i t y  t r a n s m i s s i o n  b u t  a l s o  a l lo w s  
g r e a t e r  f l e x i b i l i t y  a n d  e f f i c i e n c y  i n  o p e r a t i o n .  I t  a l s o  m akes p o s s i b l e  t h e  
p r o v i s i o n  o f  m u l t i - m e d ia  s e r v i c e s ,  a n d  s i m p l i f i e s  b o th  i n f o r m a t i o n  s e l e c t i o n  an d  
a c c e s s  f o r  t h e  u s e r .

I t  s h o u ld  becom e p o s s i b l e  a t  some p o i n t  i n  t h e  f u t u r e  t o  i n c o r p o r a t e
i n t o  ISDB a lm o s t  a l l  k in d s  o f  b r o a d c a s t i n g  s e r v i c e s  now o r  u n d e r  d e v e lo p m e n t .

S u p p le m e n ta ry  s e r v i c e s  u s in g  t e l e v i s i o n  a n d  n a r ro w  b a n d w id th  c h a n n e l s  
i d e n t i f i e d  i n  R e p o r t  8 0 2 , s u c h  a s  t e l e t e x t ,  " t e l e s o f t w a r e "  a n d  b r o a d c a s t  
f a c s i m i l e ,  c a n  b e  t r a n s m i t t e d  on  r e l a t i v e l y  s m a l l - c a p a c i t y  c h a n n e l s .

W here i t  i s  p o s s i b l e  t o  em p loy  a  20 - 30 Mbps b r o a d c a s t i n g  c h a n n e l ,  
m u lt i-p ro g ra m m e  h i g h - q u a l i t y  so u n d  b r o a d c a s t i n g  an d  s t i l l - p i c t u r e  b r o a d c a s t i n g

* This Report should be brought to  the a tte n tio n  o f  JIWP 10-11/5.



308
R e p . 1 2 2 7

p r o v id in g  h ig h  q u a l i t y  so u n d  w i th  h i g h - d e f i n i t i o n  s t i l l p i c t u r e s  c a n  b e  
i n c o r p o r a t e d  i n t o  t h e  s y s te m , i n  a d d i t i o n  to  t h e  c a p a b i l i t i e s  m e n t io n e d  a b o v e .

B i t  r a t e  r e d u c t i o n  t e c h n iq u e s  u s e d  to  r e d u c e  th e  b i t  r a t e  b e lo w  
100 Mbps s h o u ld  e n a b le  i n c o r p o r a t i o n  o f  c o n v e n t io n a l  a n d  h i g h - d e f i n i t i o n  
t e l e v i s i o n  s e r v i c e s  i n  t h e  ISDB s y s te m s .

3. Technical considerations
3 .1  T ra n s m is s io n  a s p e c ts

Use o f  a  d i r e c t  b r o a d c a s t in g  s a t e l l i t e  i s  c o n s id e r e d  an  e f f e c t i v e  means f o r  
t r a n s m is s io n  o f  ISDB. The s e r v i c e  r e q u i r e s  a  w ide b an d w id th  c h a n n e l and  a t  
p r e s e n t  a lm o s t a l l  o f  th e  t e r r e s t r i a l  b r o a d c a s t in g  f r e q u e n c ie s  a r e  in  u s e .
S a t e l l i t e  t r a n s m is s io n  w ould a l s o  more e f f e c t i v e l y  s e rv e  ISD B 's g o a l  o f  
e c o n o m ic a lly  p r o v id in g  c o n s i s t e n t  h ig h - q u a l i t y ,  r e l i a b l e  s e r v i c e s  o v e r  b ro a d  
g e o g ra p h ic a l  a r e a s .

I n c o r p o r a t io n  o f  c o n v e n t io n a l  t e l e v i s i o n  o r  HDTV m oving p i c t u r e s  i n to  th e  
ISDB s e r v ic e  w ould  n e c e s s i t a t e  t r a n s m is s io n  c a p a c i t i e s  i n  e x c e s s  o f  100 Mbps, 
w hich  may r e q u i r e  a  b ro a d b a n d  c h a n n e l p la n  f o r  b r o a d c a s t in g .

3 .2  M ethods o f  m u l t ip le x in g *

ISDB requires a multiplexing system that can handle the differing 
characteristics of the various services it will incorporate. Some of 
those factors are as follows:

— t r a n s m i s s i o n  s p e e d s  r e q u i r e d  b y  t h e  v a r i o u s  s e r v i c e s  d i f f e r  
g r e a t l y ;

— some s e r v i c e s  m u s t b e  t r a n s m i t t e d  c o n t i n u o u s l y ,  w h i le  o t h e r s  o n ly
r e q u i r e  i n t e r m i t t e n t  t r a n s m i s s i o n ;

— f o r  some s e r v i c e s ,  t im e  o f  t r a n s m i s s i o n  i s  r e s t r i c t e d ,  w h i le  f o r
o t h e r s  t im e  o f  t r a n s m i s s i o n  i s  l a r g e l y  o p t i o n a l ;  a n d

— c h a n g e s  i n  a n d  a d d i t i o n  t o  th e  s e r v i c e s  w o u ld  b e  f r e q u e n t  
o c c u r r e n c e s .

T h e re  a r e  p r i m a r i l y  tw o m u l t i p l e x i n g  m e th o d s  t o  h a n d le  a  v a r i e t y  o f  
s e r v i c e  d a t a  u n d e r  c o n d i t i o n s  o f  a  f i x e d  t r a n s m i s s i o n  c a p a c i t y  ( s e e  
R e p o r t  9 5 4 ) .

One method is called continuous multiplexing. In this method 
the data of the various services are assigned a fixed position within a 
given fixed number of digits called a frame. While the assignment 
status for each service can be indicated using control bits, the 
flexibility of this system is generally low. However, in this method 
the overhead required for the control bits is also low.

Another method is packet multiplexing. In this method, data are 
transmitted in "packets" of a specific length, regardless of the type of 
service from which they originate. Recognition of the type of service

A t t e n t i o n  i s  d raw n  t o  CCITT R eco m m en d atio n  1 .1 2 1 .  CCITT p r a c t i c e  i s  t o  u s e  
th e  te rm s  " a s y n c h ro n o u s  t im e  d i v i s i o n  m u l t i p l e x i n g  (ATD)" i n s t e a d  o f  " p a c k e t  
m u l t i p l e x i n g "  a n d  " c e l l "  i n s t e a d  o f  " p a c k e t " .  " P a c k e t"  i s  a l s o  u s e d ,  b u t  i n  
a n o th e r  s e n s e .
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t h a t  th e  d a ta  b e lo n g s  to  i s  c a r r i e d  o u t  by means o f  an i d e n t i f i c a t i o n  
code in c lu d e d  in  th e  h e a d e r  o f  each  p a c k e t .  W hile th e  o v e rh e a d  r e q u i r e d  
f o r  th e  h e a d e r  i s  somewhat h ig h e r  th a n  t h a t  o f  th e  c o n tin u o u s  sy s te m , i t  
does o f f e r  s u p e r io r  f l e x i b i l i t y  and e x p a n d i b i l i t y . I t  a l s o  a l lo w s  th e  
fo rm a tio n  o f 'a  h ig h ly  t r a n s p a r e n t  t r a n s m is s io n  c h a n n e l .

The p a c k e t m ethod , f o r  i t s  f l e x i b i l i t y  and e x p a n d i b i l i t y ,  i s  
c o n s id e re d  b e s t  s u i t e d  a s  th e  m u l t ip le x in g  sy stem  f o r  ISDB; how ever, 
c o n s id e r a t io n  sh o u ld  a l s o  be g iv e n  to  com bining th e  two m e th o d s  f o r  u se  
d ep en d in g  on th e  r e q u ire m e n ts  o f  th e  in d iv id u a l  s e r v i c e s .

As a n  e x a m p le , t h e  M A C /packet f a m i ly  o f  s y s te m s  o p e r a t i n g  i n  t h e  f u l l -
c h a n n e l  d i g i t a l  mode ( s e e  R e p o r t  1 2 2 8 ) -----   i s  c o n s id e r e d  b y  th e  EBU a s  a  s y s te m
w h ic h  a l lo w s  maximum f l e x i b i l i t y  an d  m u l t i p l e  u s a g e s  w i th  v a r y i n g  b i t  r a t e s .  The 
p a c k e t  m u l t i p l e x i n g  a n d  s e r v i c e  i d e n t i f i c a t i o n  t e c h n iq u e s  u s e d  i n  M A C /packet 
accom m odate  a  v a r i e t y  o f  s e r v i c e s  u s in g  th e  same BSS c h a n n e l ,  i n c l u d i n g  
t e l e v i s i o n ,  m u l t i p l e  so u n d  a n d  d a t a .  Thus a  u n i v e r s a l  r e c e i v e r  f o r  a l l  t h e s e  
s e r v i c e s  may b e  c o n s id e r e d .

3 .3  I n f o r m a t io n  i d e n t i f i c a t i o n  f u n c t i o n

ISDB m akes i t  p o s s i b l e  n o t  o n ly  t o  i n t e g r a t e  a n d  t r a n s m i t  a  l a r g e  v a r i e t y  
o f  s e r v i c e s  b u t  a l s o  t o  p r o v id e  s e r v i c e s  u s in g  a  num ber o f  d i f f e r e n t  m e d ia .

Such  f e a t u r e s  u n d e r s c o r e  th e  im p o r ta n c e  o f  i d e n t i f i c a t i o n  a n d  in d e x  
c a p a b i l i t i e s .  T h e se  w o u ld  e n a b le  t h e  u s e r  e a s i l y  t o  r e c e i v e ,  s e l e c t ,  u s e  
d i r e c t l y ,  o r  s t o r e  a u t o m a t i c a l l y  an d  r e t r i e v e  th e  r e q u i r e d  i n f o r m a t i o n .

3 .4  O th e r  a s p e c t s

O th e r  a s p e c t s  a r e  a l s o  e x p e c te d  to  b e  s t u d i e d  a n d  c o m b in e d  i n  a n  optim um  
m an n er t o  d e v e lo p  ISDB. T h e se  w o u ld  i n c lu d e :

- s o u r c e / c h a n n e l  c o d in g ;

- e r r o r  p r o t e c t i o n ;

- d i g i t a l  m o d u la t io n ;

- c o n d i t i o n a l  a c c e s s ;  an d

- t h e  c o n c e p t  o f  a  u n i v e r s a l  r e c e i v e r .

4 . M o d e lin g  o f  d a t a  b r o a d c a s t i n g

As ISDB, i n  i t s  s e r v i c e  r e p e r t o i r e ,  w o u ld  i n c lu d e  d a t a  b r o a d c a s t i n g  
s e r v i c e s  i n  l a r g e  p a r t ,  a t t e n t i o n  s h o u ld  b e  g iv e n  to  R e p o r t  A C/11 w h ic h  
d e s c r i b e s  a c t i v i t i e s  f o r  th e  d e v e lo p m e n t o f  a  common r e f e r e n c e  m odel f o r  d a t a  
b r o a d c a s t i n g .  A w e l l  o r g a n iz e d  m odel w o u ld  b e  n e c e s s a r y  t o  f a c i l i t a t e  t h e  
i n t r o d u c t i o n  o f  v a r i o u s  s e r v i c e s  an d  t o  e n jo y  th e  f l e x i b i l i t y  a n d  e x p a n d i b i l i t y  
o f  ISDB f u l l y .



‘3 1 0 R e p .  1 2 2 7 ,  1 2 2 8

W h ile  th e  r e a l i z a t i o n  o f  a n  ISDB s y s te m  s t i l l  l i e s  i n  th e  f u t u r e ,  i t s  
f o u n d a t io n s  o f  t r a n s m i s s i o n  an d  s e r v i c e  te c h n o lo g y  a r e  g r a d u a l l y  b e in g  
d e v e lo p e d .

5. Conclusion
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HIGH QUALITY SOUND/DATA STANDARDS FOR 
THE BROADCASTING SATELLITE SERVICE IN THE 12 GHz BAND
( Q u e s t io n  1 /1 0  an d  1 1 , S tu d y  Program m e 1A /10 an d  11)

1 . I n t r o d u c t i o n  (19 9 0 )

A c c o rd in g  to  th e  c u r r e n t  R a d io  R e g u la t i o n s ,  s a t e l l i t e  c h a n n e ls  i n  th e  
12 GHz b a n d  a r e  a s s ig n e d  to  e a c h  a d m i n i s t r a t i o n  o v e r  w h ic h  t e l e v i s i o n  p rogram m es 
b u t  a l s o ,  a l t e r n a t i v e l y ,  o t h e r  s e r v i c e s  may b e  b r o a d c a s t ,  a s  lo n g  a s  th e  
t r a n s m i t t e d  s i g n a l s  do n o t  c a u s e  m ore i n t e r f e r e n c e  th a n  c o n v e n t io n a l  FM-TV 
s i g n a l s .  The a p p r o p r i a t e  TV s t a n d a r d s  a r e  recom m ended i n  R ec . 650 a n d  s p e c i f i e d  
i n  R ep . 1073 an d  th e  r e l e v a n t  p a r t s  o f  th e  CCIR S p e c i a l  P u b l i c a t i o n ,

T r a n s m i s s i o n  S y s t e m s  f o r  t h e  B SS .

The i n t r o d u c t i o n  o f  d i g i t a l  so u n d  r e c o r d i n g  an d  r e p r o d u c t i o n  t e c h n iq u e s  
c o n s t i t u t e s  a  c h a l l e n g e  to  th e  b r o a d c a s t i n g  o r g a n i z a t i o n s  i n  so  f a r  a s  t o  p a s s  
on  s u c h  a  q u a l i t y  t o  th e  s u b s c r i b e r s  w h ic h  h a s  b e e n  b e y o n d  th e  p o s s i b i l i t i e s  o f  
c o n v e n t io n a l  t r a n s m i s s i o n  m e th o d s  ( e . g .  FM s t e r e o ) .  B e s id e s  t h i s ,  i n  a  num ber o f  
c o u n t r i e s  t h e r e  i s  a  n e e d  f o r  th e  e m is s io n  o f  a  l a r g e  num ber o f  h i g h - q u a l i t y  
so u n d  c h a n n e ls  o v e r  a  c o v e ra g e  a r e a  a s  l a r g e  a s  p o s s i b l e .  I n  a d d i t i o n ,  th e  
g ro w in g  r e q u i r e m e n ts  f o r  d a t a  b r o a d c a s t  f a c i l i t i e s  r e s u l t e d  i n  i n v e s t i g a t i o n s  o f  
s y s te m s  s u i t a b l e  t o  t r a n s m i t  b o th ,  so u n d  an d  d a t a  i n  a  f l e x i b l e  w ay.

S e v e r a l  a l t e r n a t i v e s  a r e  i n  v a r i o u s  s t a g e s  o f  d e v e lo p m e n t w i t h i n  d i f f e r e n t  
a d m i n i s t r a t i o n s .  T h is  R e p o r t  b r i e f l y  d e s c r i b e s  th e  b a s i c  c h a r a c t e r i s t i c s  o f  
t h r e e  s y s te m s  d e v e lo p e d  i n  G erm any ( F e d e r a l  R e p u b l ic  o f ) , b y  t h e  EBU a n d  i n  
J a p a n .

2. Summary description of the systems

T h is  s e c t i o n  g iv e s  th e  summary d e s c r i p t i o n  o f  t h e  m a in  f e a t u r e s  o f  e a c h  o f  
t h e  s y s te m s  c o n s id e r e d .  T a b le  I  g iv e s  th e  l i s t  o f  r e l e v a n t  p a r a m e te r s  o f  e a c h  
s y s te m  i n  a  c o m p a ra t iv e  w ay.

2 .1  The D i g i t a l  S a t e l l i t e  R a d io  (DSR) S y s t e m

The DSR s y s te m  [T e c h n is c h e  R i c h t l i n i e n  ARD, 1985] w as d e v e lo p e d  i n  th e  
F e d e r a l  R e p u b l ic  o f  Germ any to  a l lo w  s im u l ta n e o u s  t r a n s m i s s i o n  o f  16 
s t e r e o p h o n i c  o r  32 m onophon ic  h i g h - q u a l i t y  so u n d  c h a n n e ls  ( o r  an y  c o m b in a t io n s  
o f  s t e r e o p h o n i c  o r  m onophon ic  c h a n n e l s )  o v e r  a  w id e  c o v e ra g e  a r e a .  I n  l i n e  w i th  
R e c . 5 6 1 , t h e  s a m p lin g  f r e q u e n c y  i s  32 kHz an d  th e  r e s o l u t i o n  e q u a l s  16 b i t s ,  
p r e s e r v i n g  a  q u a n t i z i n g  n o i s e  p e r fo rm a n c e  c o m p a ra b le  w i th  t h a t  o f  t h e  co m p ac t 
d i s c .  F o r  b i t  e r r o r  c o r r e c t i o n / d e t e c t i o n  a  6 3 /4 4  BCH c o d e  w as c h o s e n ,  c a p a b le  
t o  c o r r e c t  tw o e r r o r s  an d  to  d e t e c t  f i v e  e r r o r s  p e r  b l o c k .  I n  c o m b in a t io n  w i th  
t h e  s c a l e  f a c t o r  ( s e e  Annex I )  t h i s  b i t  e r r o r  p r o t e c t i o n  schem e o f f e r s  a  good  
s u b j e c t i v e  so u n d  q u a l i t y  t o  a  BER o f  2 x  1 0 "3 . 4-PSK , d i f f e r e n t i a l l y  e n c o d e d , 
s e r v e s  a s  t h e  m o d u la t io n  m e th o d .

A lth o u g h  th e  DSR s y s te m  i s  m a in ly  in t e n d e d  f o r  h i g h - q u a l i t y  so u n d  t r a n s ­
m is s io n ,  i t  i s  a l s o  c a p a b le  o f  t r a n s m i t t i n g  h ig h - s p e e d  d a t a  i n  one  o r  m ore
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s t e r e o p h o n i c  o r  m o n o p h o n ic  c h a n n e l s  [A ssm u ss , 1989] i n  a d d i t i o n  t o  t h e  a l r e a d y  
e x i s t i n g  a u x i l i a r y  l o w - b i t  r a t e  d a t a  c h a n n e l  a c c o m p a n y in g  e a c h  so u n d  c h a n n e l .

S in c e  t h e  r e g u l a r  s e r v i c e ,  b a s e d  on  DSR, i n  G erm any ( F e d e r a l  R e p u b l ic  o f )  
com m enced i n  A u g u s t 1 9 8 9 , t h e  t r a n s m i t  an d  r e c e i v e  d e v i c e s ,  t h e  l a t t e r  b e in g  
b a s e d  on  VLSI t e c h n i q u e ,  a r e  a l r e a d y  c o m m e rc ia l ly  a v a i l a b l e .

The d e t a i l e d  s p e c i f i c a t i o n  o f  t h e  DSR s y s te m  i s  g iv e n  i n  A nnex I .

2.2 M A C /p a cke t  f a m i l y  f u l l - c h a n n e l  d i g i t a l  mode

R e p o r t  1073 an d  th e  CCIR S p e c i a l  P u b l i c a t i o n  T r a n s m i s s i o n  S y s t e m s  f o r  t h e  
BSS p r o v id e  th e  s p e c i f i c a t i o n  o f  th e  M A C /packet f a m i ly  o f  s y s te m s  w hen o p e r a t i n g  
i n  n o rm a l t e l e v i s i o n  m ode. When th e  a r e a  o f  t h e  t e l e v i s i o n  f r a m e , n o r m a l ly  
r e s e r v e d  f o r  th e  MAC v i s i o n  s i g n a l  (a n d  i t s  f i e l d - b l a n k i n g  i n t e r v a l ) , i s  
r e p l a c e d  b y  d a t a  b u r s t s ,  t h e  M A C /packet i s  s a i d  t o  o p e r a t e  i n  t h e  f u l l - c h a n n e l  
d i g i t a l  mode [CCIR, 1 9 8 6 - 9 0 a ] .

The t h r e e  m em bers o f  t h e  f a m i ly  ( i . e . ,  t h e  C -M A C /packet s y s te m , th e  
D -M A C /packet s y s te m  w i th  FM an d  th e  D 2-M A C /packet s y s te m  w i th  FM) c a n  b e  u s e d  i n  
t h e  f u l l - c h a n n e l  d i g i t a l  mode p r o v i d i n g  th e  f o l l o w in g  s o u n d /d a t a  c a p a c i t y :

C -M A C /packet f u l l - c h a n n e l  m ode: n e a r l y  20 M b i t / s  o r  up  t o  53 h i g h - q u a l i t y  
so u n d  c h a n n e ls  w i th  15 kHz b a n d w id th , w i th  n e a r - i n s t a n t a n e o u s  1 4 / 1 0 - b i t  
co m p an d in g  a n d  p r o t e c t e d  b y  one  p a r i t y  b i t  p e r  s a m p le .

D -M A C /packet f u l l - c h a n n e l  m ode: i d e n t i c a l  c a p a c i t y  a s  C -M A C /packet.

D 2-M A C /packet f u l l - c h a n n e l  m ode: n e a r l y  10 M b i t / s  o r  up  t o  26 h i g h - q u a l i t y  
s o u n d  c h a n n e ls  w i th  15 kHz b a n d w id th ,  w i th  n e a r - i n s t a n t a n e o u s  1 4 / 1 0 - b i t  
co m p an d in g  a n d  p r o t e c t e d  b y  one p a r i t y  b i t  p e r  s a m p le .

The e x t e n s i o n  o f  t h e  M A C /packet f a m i ly  s p e c i f i c a t i o n  w i th  t h e  f u l l - c h a n n e l  
d i g i t a l  mode p r o v id e s  t h e  p o s s i b i l i t y  o f  a  v a r i e t y  o f  f a c i l i t i e s  ( i . e . ,  so u n d  o r  
t e l e v i s i o n  d a t a  b r o a d c a s t i n g ,  e t c . ) .  W ith in  t h i s  c o n c e p t  i t  i s  p o s s i b l e  t o  
d e s i g n  a n d  im p le m e n t u n i v e r s a l  r e c e i v e r s  t o  accom m odate  e i t h e r  t e l e v i s i o n  
r e c e p t i o n  i n  t h e  n o rm a l M A C /packet mode o r  s o u n d /d a t a  r e c e p t i o n  i n  t h e  f u l l -  
c h a n n e l  d i g i t a l  m ode.

The e x t e n t  t o  w h ic h  a l l  p o s s i b l e  f a c i l i t i e s  w i l l  e v e n t u a l l y  b e  a v a i l a b l e  
t o  t h e  p u b l i c  w i l l  d e p e n d  b o th  u p o n  w h ic h  o f  t h e s e  s e r v i c e s  a r e  t r a n s m i t t e d  an d  
w h ic h  o f  them  th e  r e c e i v e r s  a r e  d e s ig n e d  t o  r e c e i v e .

F o r  M A C /packet f u l l - c h a n n e l  d i g i t a l  m ode, t h e  d e c o d e r s  a n d  i n t e g r a t e d  
c i r c u i t s  a r e  e x p e c te d  t o  b e  a v a i l a b l e  a t  t h e  s t a r t  o f  s u c h  a  s e r v i c e .

D i g i t a l  so u n d  c o d in g  i s  d e s c r i b e d  i n  R e p o r t  953 a n d  t h e  m u l t i p l e x i n g  
m e th o d s  u s e d  i n  t h e  f u l l - c h a n n e l  mode a r e  o u t l i n e d  i n  R e p o r t  9 5 4 .

The d e t a i l e d  d e s c r i p t i o n  o f  th e  M A C /packet f u l l - c h a n n e l  d i g i t a l  mode i s  
g iv e n  i n  A nnex I I .

2 .3  The M u l t i c h a n n e l  D i g i t a l  S o u n d /D a ta  (MDSD) S y s t e m

The MDSD s y s te m  h a s  b e e n  s t u d i e d  i n  J a p a n  f o r  f u t u r e  h i g h  q u a l i t y  so u n d  
an d  d a t a  b r o a d c a s t i n g  th r o u g h o u t  th e  c o u n t r y  b y  th e  b r o a d c a s t i n g  s a t e l l i t e  
o p e r a t i n g  i n  t h e  12 GHz b a n d . T h is  s y s te m  h a s  two m o d es . I n  Mode A, u s i n g  1 4 /1 0  
n e a r - i n s t a n t a n e o u s  co m p a n d in g , t h e  sam e so u n d  q u a l i t y  a s  FM b r o a d c a s t i n g  i s  
a v a i l a b l e .  I n  Mode B , so u n d  q u a l i t y  n o t  lo w e r  t h a n  t h a t  o f  t h e  c o m p a c t d i s k  i s  
p o s s i b l e  (2 0  kHz b a n d w id th  an d  1 6 - b i t  r e s o l u t i o n )  [CCIR, 1 9 8 6 - 9 0 b ] , [K aw ai 
e t  a l . ,  1 9 8 8 ] .
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TABLE I  - R e l e v a n t  p a r a m e t e r s  o f  s a t e l l i t e  s o u n d / d a t a  b r o a d c a s t i n g  
' s t a n d a r d s  f o r  t h e  12 GHz BSS b an d

Param eter D ig ita l  S a t e l l i t e  
Radio (DSR)

MAC/packet fam ily 
fu ll-c h a n n e l d i g i t a l  mode

D2 C/D

M ulti-channel D ig i ta l  Sound/Data 
s a t e l l i t e  b ro ad castin g  (MDSD)

M ultip lex
s tru c tu re

Synchronous time 
d iv is io n  m u ltip lex  

(STD)

Asychronous tim e 
d iv is io n  m u ltip lex  

(ATD)

Sound : STD m u ltip lex  
Data : ATD m u ltip lex

T o ta l 
b i t  r a te  
(M bit/s)

20.48 10.125 20.25 24.576 h fc it/s

U seful 
b i t  ra te *  
(M oit/s)

19.2 9.576 19.242
18.62 M bit/s (Mode A) 
21.50 tfo i t /s  (Mode B)

Sound coding^ 32 kHz sampling 
frequency

32 kHz sampling frequency 
(16 kHz fo r  medivm q u a li ty )

Mode A : 32 kHz sampling frequency 
14/10 b i t  n e a r-  
in stan tan eo u s companding

16/14 b i t  
f lo a t in g  p o in t 
technique

F i r s t  coding law:
14/10 b i t  n e ar-in stan tan eo u s 
compander (HQI)^

Second coding law:
14 b i t  l in e a r  coding (HQL)

Mode B : 48 kHz sampling frequency 
16 b i t  l in e a r  coding

No pre-em phasis Pre-em phasis p e r CCITT 
Recommendation J17 Pre-em phasis 50 ms(zero) 

+ 15 ms(po le)

Dynamic range According to  
1 6 -b it re so lu tio n  
(equal to  
compact d isk )

According to  
14 b i t  r e so lu tio n

Mode A : According to
14 b i t  re so lu tio n

Mode B : According to
16 b i t  r e so lu tio n

B it- e r ro r
p ro te c tio n

(63,44) BCH code: 
c o rre c ts  2 e r ro rs  
in  63 b i t s  or 
d e te c ts  5 e r ro r s .  
A d d itiona l 
p ro te c tio n  by 
th e  sc a le  fa c to r .

F i r s t  p ro te c tio n  le v e l:
1 p a r i ty  b i t  app lied  to  
th e  6 MSB (HQI) o r to  th e  
10 MSB (BQL case)
(e rro r  concealment only)

Second p ro te c tio n  le v e l:  
Hemming code (11 ,6) fo r  HQI 
and Hamming code (16,11) 
fo r  BQL: c o rre c ts  1 e r ro r  or 
d e te c ts  2 erroneous b i t s .  
A d d itiona l p ro te c tio n  by 
sc a le  fa c to r  fo r  bo th  
p ro te c tio n  le v e ls .

(63,56) BCH code:
C orrects 1 e r ro r  
and d e te c ts  2 e r ro r s .

A d d itio n a l p ro te c tio n  
by th e  8 ranges.

(63,50) BCH code:
C o rrects 2 e r ro rs  
and d e te c ts  3 e r ro r s .

A dd itio n a l p ro te c tio n  
by th e  range in fo rm ation .

Ntanber o f 
sound co n fig ­
u ra tio n s  ( i . e .  
combination 
o f  sound 
coding and 
e r ro r  p ro te c ­
t io n  scheme)

One (see  above) Four h igh q u a li ty  
co n fig u ra tio n s^• ^

HQI1 
HQL1 
HQI 2 
HQL2

Two h igh  q u a li ty  co n fig u ra tio n s 

Mode A 

Mode B

Sound channel
cap acity
(monophonic)

32
HQI1: 26 HQI1: 53 
HQL1: 19 BQL1: 40 
HQI2: 19 BQI2: 40 
HQL2: 14 BQL2: 30

Mode A : 48 (maximum) 

Mode B : 24 (maximum)
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TABLE I (Continued)

Parameter D ig ita l  S a t e l l i t e  
Radio (DSR)

MAC/packet fam ily 
fu ll-c h a n n e l d ig i t a l  mode

D2 C/D

M ulti-channel D ig i ta l  Sound/Data 
s a t e l l i t e  b ro ad castin g  (MDSD)

Modulation 4-PSK
d i f f e r e n t i a l ly
encoded

fo r  D and D2: FM o f  duo­
b inary  coded d a ta  s ig n a l

fo r  C : 2-4 PSK,
d i f f e r e n t i a l ly  encoded

Minimum s h i f t  keying (MSK)

C/N fo r 
BER =» 10"3 
(o v e ra l l  lin k  
w ith  re fe ren ce  
to  27 MHz 
bandwidth)

7.5  dB4 8 dB5 fo r  D : 9 .5  dB5 
For C : 8 .0 dB6

8.0 dB

Lim it fo r  
p e r c e p t ib i l i ty 2 x 1 0 '3

l s t - le v e l  p ro te c tio n  : 10” ^ 
2nd- le v e l  p ro te c tio n  : 10~3 1 x 10“3

Notes:

1) U s e f u l  b i t  r a t e  ( f o r  so u n d  t r a n s m i s s i o n )
-  t o t a l  b i t  r a t e  m in u s s y n c , a d d i t i o n a l  d a t a  a n d  p a c k e t  h e a d e r s .

2) HQI1 = H ig h  q u a l i t y ,  n e a r - i n s t a n t a n e o u s  co m p a n d in g , 1s t  p r o t e c t i o n  l e v e l
HQL1 -  H ig h  q u a l i t y ,  l i n e a r  c o d in g ,  1s t  p r o t e c t i o n  l e v e l
HQI2 -  H ig h  q u a l i t y ,  n e a r - i n s t a n t a n e o u s  c o m p a n d in g , 2nd p r o t e c t i o n  l e v e l
HQL2 -  H ig h  q u a l i t y ,  l i n e a r  c o d in g ,  2nd p r o t e c t i o n  l e v e l .

3) I n  a d d i t i o n  to  h ig h  q u a l i t y  c o n f i g u r a t i o n s ,  M A C /packet f u l l - c h a n n e l  
d i g i t a l  mode a l lo w s  f o u r  m edium q u a l i t y  c o n f i g u r a t i o n s  u s i n g  16 kHz 
s a m p lin g .

4 ) M e a su re d  w i th  a  d o m e s t ic  r e c e i v e r  ( f i r s t  s e r i e s  o f  m a s s - p r o d u c t i o n ) .

5 ) V a lu e s  f o r  27 MHz IF  f i l t e r ;  im p ro v e m e n ts  o f  a ro u n d  2 dB a r e  p o s s i b l e  by  
u s i n g  n a r r o w e r  f i l t e r s  a n d /o r  a p p ly in g  V i t e r b i  d e c o d in g .

6) T y p ic a l  v a lu e  f o r  d i f f e r e n t i a l  d e m o d u la t io n .  W ith  c o h e r e n t  d e m o d u la t io n  
im p ro v e m e n ts  a r e  p o s s i b l e .

7 ) A l l  c o d in g  sch em es u s e d  f o l lo w  R ec . 6 5 1 .

The s i g n a l  f o r m a t  o f  t h e  MDSD s y s te m  i s  c o n s t r u c t e d  i n  tw o m u l t i p l e x i n g  
s t a g e s .  The lo w e r  m u l t i p l e x i n g  s t a g e  h a s  th e  same f o r m a t  a s  t h e  s o u n d /d a t a  
s i g n a l s  o f  t h e  d i g i t a l  s u b - c a r r ie r /N T S C  s y s te m  ( R e p o r t  1 0 7 3 ) w i th  a  t r a n s m i s s i o n  
b i t  r a t e  o f  2 .0 4 8  M b /s . I n  t h i s  f o r m a t ,  f o u r  Mode A so u n d  c h a n n e l s  w i th  
480 k b / s  d a t a  s i g n a l s  o r  two Mode B so u n d  c h a n n e ls  w i th  224 k b / s  d a t a  c a n  b e  
s e l e c t e d .  The d a t a  r a t e  c a n  b e  e x p a n d e d  to  1760 k b / s  maximum, d e p e n d in g  on  th e  
mode a n d  num ber o f  so u n d  c h a n n e l s .  I t  a l lo w s  d a t a  b r o a d c a s t i n g  u s i n g  p a c k e t  
t r a n s m i s s i o n  o t h e r  th a n  so u n d .
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A t th e  h i g h e r  m u l t i p l e x i n g  s t a g e ,  12 o f  t h e s e  s i g n a l s  a r e  f u r t h e r  
m u l t i p l e x e d .  The t r a n s m i s s i o n  b i t  r a t e  a t  t h i s  s t a g e  i s  2 4 .5 7 6  M b/s 
( 2 .0 4 8  M b/s x  1 2 ) .

I n  o r d e r  t o  m a in t a in  h i g h - q u a l i t y  d i g i t a l  s i g n a l  t r a n s m i s s i o n  p e r fo rm a n c e ,  
th e  sam e e r r o r  c o r r e c t i o n  schem es u s e d  f o r  d i g i t a l  s u b - c a r r ie r /N T S C  s i g n a l s ,  
s u c h  a s  BCH ( 6 3 ,5 6 )  SEC-DED co d e  an d  3 - b i t  r a n g e  c o d e s  a r e  a p p l i e d .  F o r  m ore 
e f f i c i e n t  e r r o r  c o r r e c t i o n  p e r fo rm a n c e ,  th e  BCH ( 6 3 ,5 0 )  DEC-TED co d e  may b e  
c o n s id e r e d .

The c a r r i e r  i s  MSK, QPSK o r  O Q PSK -m odulated b y  th e  a b o v e - d e s c r ib e d  
m u l t i p l e x e d  b i t  s t r e a m . The MSK m o d u la t io n  m eth o d  w i th  AFC i s  l i k e l y  t o  b e  u s e d  
b e c a u s e  o f  i t s  h i g h e r  p e r fo rm a n c e  an d  th e  lo w e r  c o s t  o f  th e  r e c e i v e r .

T r a n s m is s io n  e x p e r im e n ts  o f  th e  MDSD s y s te m  w ere  c a r r i e d  o u t  v i a  th e  
b r o a d c a s t i n g  s a t e l l i t e  B S -2 . The r e c e i v e d  c a r r i e r - t o - n o i s e  r a t i o  (27  MHz s i g n a l  
b a n d w id th )  t o  o b t a i n  j u s t - p e r c e p t i b l e  so u n d  d e g r a d a t i o n  i s  a b o u t  8 dB 
(BER — 1 x  1 0 "3 ) ,  a s  c o n f irm e d  u s in g  h o m e -ty p e  r e c e i v e r s .

3. Conclusion
P r e s e n t l y ,  t h r e e  h i g h - q u a l i t y  s o u n d /d a t a  b r o a d c a s t i n g  s y s te m s  a r e  known 

f o r  t h e  u s e  i n  t h e  12 GHz b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e .  Two o f  them  ( i . e .  th e  
DSR s y s te m  an d  th e  f u l l - c h a n n e l  d i g i t a l  mode o f  th e  M A C /packet f a m i ly  s y s te m s )  
a r e  a l r e a d y  a v a i l a b l e  a t  s t a n d a r d i z a t i o n  l e v e l .  B o th  s y s te m s  f u l f i l  t h e  
r e q u i r e m e n ts  f o r  th e  b r o a d c a s t i n g  o f  v e r y  h i g h - q u a l i t y  s o u n d /d a t a  s i g n a l s .  
C o n s e q u e n t ly ,  th e  two s y s te m s  a r e  t h e  s u b j e c t  o f  R eco m m en d atio n  712 f o r  
R e g io n  1 . .

The i s s u e  o f  a  s o u n d /d a ta  s t a n d a r d  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  
i n  t h e  12 GHz b a n d  i s  s t i l l  u n d e r  c o n s i d e r a t i o n  i n  R e g io n s  2 an d  3 a n d  th u s  th e  
MDSD s y s te m  i s  n o t  y e t  th e  s u b j e c t  o f  a  R eco m m en d atio n .
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ANNEX I

S P E C IF IC A T IO N S  O F THE D SR SYSTEM

1. Introduction

T e l e v i s i o n  b r o a d c a s t i n g  s a t e l l i t e s  will not only be used for the transm ission  o f 
television p rogram m es but also to r the h igh-quality , exclusively digital transm ission  o f  16 stereophon ic  sound  
b roadcasting  program m es over a tran sp o n d e r channel reserved solely for that purpose. Several studies and
developm ent projects funded by the M inistry for Research and  Technology o f the Federal R epublic o f G erm any
have defined the m ain param eters fo r the reception quality  and  the coverage area for a given num ber o f  channels 
so that it was possible to identify the requirem ents im posed on the transm ission  system. E xperim ents involving 
field tests have successfully been conducted .

The finalized system specifications are set ou t below. The tim e sequence o f  all bit sequences in this A nnex 

is s h o w n  f r o m  left  t o  r i ght

T h e  a n a lo g u e  m o d u la tio n  a n d  R F  tra n sm iss io n  p a ram e te rs  re fe r  to  th e  n o m in a l sp e c ific a tio n s . T he 
e q u ip m e n t a n d  o p e ra tin g  to le ran ces  at th e  tra n sm ittin g  en d  a re  g iven e lsew here.

2. Encoding o f the sound signal

2.1 Source signal

U niform ly qu an tized  audio  signals with a reso lu tion  o f  16 bits and  a sam pling  frequency o f  48 kH z will be 
availab le  at d ig ital so und  studios. *

Since neither the terrestrial link to the earth  sta tio n  no r the satellite  channel will have the necessary
capac ity  fo r the transm ission  o f the source signal in th is p a rticu la r form , the signal will have to be adap ted  to the 
b it ra te  o f  14 b its x  32 k H z /a u d io  channel available bo th  on  the terrestria l links and  the sa tellite channel. The 
necessary  ad ap ta tio n  o f  the sam pling  frequency from  48 kH z to 32 kH z does n o t lead to a noticeab le d eg radation  
o f  the quality . F o r various reasons, how ever, it w ould be  desirab le  to ob ta in  a dyn am ic  range o f  the sound  signal 
co rre sp o n d in g  to  16 bits. This can in fact be achieved by ap p ro p ria te  m easures. The signal at the end  o f  the 
overall transm ission  is hence characterized  by the param eters 16 bits a n d  32 kH z.

2.2 Formation o f  sound signal blocks

If, in ad d itio n  to the sound  signal, d a ta  are  tran sm itted  ab o u t the so u n d  signa l’s range o f  am plitude  (scale 
facto r), these d a ta  can  be used at the  receiving end to lim it the am plitude  e rro rs  caused by h it erro rs in the sound  
signal to  the ind ica ted  am plitude  range. A dditionally , the scale fac to r perm its a 1 6 /14-bit f loa ting -po in t system  to 
be app lied .

T he scale fac to r does no t need  to  be tran sm itted  w ith each sam ple. Tests have show n that it suffices to 
d e te rm in e  a single scale factor fo r blocks o f  64 sam ples ( =  2 ms) fo r describ ing  the  range o f  am plitude o f  the 
largest o f  the 64 sam ples.

2.3 Transmission form at

T he 16 b it sam ples o f the so u n d  signal are  av ailab le  as dual num bers in a 2s com plem ent. The first b it o f  
each  w ord  is the M SB (sign bit, 0 =  + ) ,  and  the last the LSB. Using a floating  po in t system , the 16 b it sam ples 
are  converted  in to  14 b it code w ords fo r transm ission.

A  3 bit scale fac to r apply ing  to  a block o f  64 sam ples indicates how  m any o f  the bits (0 . . .  7) fo llow ing 
the sign bit (y ,)  in all sam pled  w ords have the sam e value as the sign b it (F ig . l a ) .  T he redundancy  ind ica ted  by 
the scale  facto r does no t need to be transm itted . In stead , the sam ples and  the ir re levant in fo rm ation  m ust be 
sh ifted  tow ards the sign bits (floa ting-po in t system). This allow s the 15th and  16th bits o f  the source code w ords to 
be transm itted  jn the case o f  low  signal am plitudes. The bits m arked  Z1 to Z5 have no t yet been 
assigned  (F ig . lb ) .

A t the receiving end the scale fac to r is used to sh ift the bits o f  the sam ples back  to  the ir  original value.
T his yields 16 b it sam ples and  lim its the  effects o f  unrecognized  b it e rro rs  to the am plitude  range ind icated  by  the 
scale factor.

3. M ultiplexing

3.1 General

All the in fo rm atio n  to be tran sm itted , i.e. aud io  signals, p rog ram m e-re la ted  d a ta  an d  associated  d a ta  fo r 
b it e r ro r  p ro tec tion , is con ta ined  in tw o identical sy nch ronous m ain  fram es in itia ting  m odu la tion  o f  tw o 
o rth o g o n a l carriers (4-PSK  m odulation). Each o f  the tw o m ain  fram es co n ta in s 16 o f  the au d io  channels described  
u n d e r § 2, and  re la ted  in form ation . Tw o aud io  channels can  be used as one ste reophon ic  channel. S tereophon ic  
ch an n e ls  1 . . .  8 are  co n ta ined  in m ain  fram e A, ste reo p h o n ic  channels 9 . . .  16 in m ain  fram e B (F ig . 2).
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FIGURE 2 -  Format o f  the main frame

1 : MSB
14 : LSB
1, II, XVI : stereophonic channel number

L : left channel 
R: right channel 
* Additional information

23532348535348485348484853485353234889534823
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A main fram e consists o f 320 bits (F ig  3). T he fram e repetition  frequency is 32 kH z. This provides a da ta  
rate  o f  10.24 M bit/s .

The fram e begins with a fram e sync w ord, follow ed by a bit fo r special services and  four blocks o f 77 bits 
each , o f  which the first two consecutive blocks are b it-in terleaved an d  the second two consecutive blocks are 
b it-in terleaved as well (Fig. 2). This m ode o f bit in terleaving elim inates the effects o f  doub le bit errors in the 
receiver when d ifferen tial m odulation  is used.

3.2.1 Main fram e sync word

An 11 b it Barker code w ord with the follow ing structure serves as the sync w ord for m ain fram e A:

1 1 1 0  0 0 1 0  0 1 0  
The inverse o f this 11 bit Barker code is used for m ain fram e B:

0 0 0 1 1 1 0 1 1 0 1

T he B arker code w ord  allow s a co rre la tio n  analysis to be perform ed  in the receiver, ensu ring  
correct b it clock recovery an d  b it a llocation  an d  enab ling  the recognition  o f  loss o f  synchron ism  (cycle 
skips and  b it slips). Inversion o f  the Barker code w ord  in m ain  fram e B ensures unam biguous a llocation  o f 
the two d em odu la ted  bit stream s to m ain fram es A and  B even in the case o f  d ifferen tial dem odu la tion .

3.2.2 77-bit block

T o ensu re  trouble-free reception  in the event o f  u n fav o u ra b le  cond itions, a (63,44) BCH code is 
used system atically  at the receiving end fo r e rro r  co rrec tion  o r e rro r  recognition  w ith e rro r concealm ent. 
T he 19 BC H  check bits are  each  derived from  a  set o f  11 M SBs o f  the 14-bit code w ord o f  fou r aud io  
signal channels. They are fully described by the g en e ra to r  p o ly n o m ia l:

g(x) =  x 19 +  X15 +  x 10 +  x 9 +  x 8 +  x6 4- x* +  1

B eginning with the check bit co rre sp o n d in g  to  the highest pow er, the check bits are ap p en d ed  to 
the 4 x 11 M SBs o f  the 14 b it aud io  signal code w ords to  form  the 63 b it BCH  code w ord. T ogether w ith 
the 4 x 3 LSBs o f  the 14 b it aud io  signal code  w ords an d  tw o ad d itio n a l in fo rm atio n  bits used fo r a 
ch annel-re la ted  transm ission  o f  the scale facto rs an d  the so-called  p rog ram m e-re la ted  in fo rm ation  (PI), the 
63 bit BC H  code w ord form s a 77 bit b lock fo r  tw o ste reo p h o n ic  channels. T he first add itional in fo rm a­
tion  b it is alw ays allocated  to the first, the  second  ad d itio n a l in fo rm ation  b it alw ays allocated  to  the 
second ste reophon ic  channel. T he exact a rra n g em en t is show n in F ig . 4.

3.2.3 Special service bit

T he special service b its (F ig . 3) o f  64 consecutive A m ain  fram es are  com bined  to form  a special 
service fram e (SA) (Fjg. 6). T he use and  structu re  o f  this p a rticu la r  fram e is described  un d er § 3.3 an d  3.4. 
The use o f  the special service bit in m ain fram e B has no t yet been  defined an d  is provisionally  set a t “0 ”.

3.3 Structure o f  the superframe

3.3.1 General

O ne aud io  signal code w ord  from  each o f  the 16 aud io  chan n e ls  is tran sm itted  in a m ain  fram e. In 
acco rdance  with § 2.2, 64 au d io  signal sam ples ( = 2  ms) from  o n e  channel are com bined  to form  a sound  
signal b lock  fo r the d e term ination  o f  the scale facto r. T o m ake sure th a t this s truc tu re  is retained  on the 
transm iss ion  path  for all aud io  channels, a  supe rfram e is fo rm ed  from  64 consecutive m ain  fram es. T he 
supe rfram e m ust likewise begin with a sync w ord .

3.3.2 Superframe synchronization

T he first 16 bits o f  the special service fram e fo rm ed  by the  special service b its o f  m ain  fram e A are 
used to  en su re  correct synchron iza tion  o f  the  2 m s aud io  signal b locks in all 32 aud io  channels (includ ing  
all a d d itio n a l in fo rm ation ) o f  the  two m ain  fram es. A  W illia rd  code with the follow ing structu re  is 
im plem ented  as the sync w ord : .

3.2 Structure o f  the main fram e

0 0 0 0 0 1 0 1 1 1 0 0 1 1 1 1



Main frame sync word 

Special service bit (S)

11 77 77 77 77

Bit-interleaved to form 154 bit double block words

3 2 0 b its  =  31.25/us

FIGURE 3 _ Structure o f  main frame (principle; details in Figs. 2 and 4)



MSBs

z  i d )  z k h )

\ / LSBs

L I R I LIE RH Check bits L I R I  LH RIE

11 b i t s 11 b i t s 11 b i t s 11 b i t s 1 9 b its

63 bit BCH code word

77 b i t s

1 2 b its

I b i t — 1 —  1 b it

F IG U R E  4 -  Structure o f  the 77 bit block (details in Fig. 2)

I, II : stereophonic channel numbers
L : left channel

R ; right channel
ZI : additional information

If a stereophonic channel is split into two monophonic channels

L  monophonic channel 1
R ------ ►  monophonic channel 2



FIGURE 5 - Structure of the special service frames (SA), the special service super frames (SAO) and the SACO frame
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The main frame A whose special service bit contains the last bit of the 
above sync word is followed by all 2 ms audio signal blocks (including •
additional information Zl) of main frames A and B. In view of the utilization of 
the remaining 48 bits of the special service frame SA, superframes SAU and SAUU
are requited for the special service as well (see also § 3.4.3 and 3.4.4).

3.4 Use o f  the specia l service bits

3.4.1 General

A fter deduction o f  the 16-bit sync w ord, 48 o f  the 64 bits o f the special service fram e rem ain. The .
48 bits are available at 2 ms intervals and  are used to identify the program m es supplied  (program m e
inform ation  PA and programme source SK). The PA -inform ation indicates the m ode 

( m o n o /s te r e o ) *  o f  th e  v a r i o u s  c h a n n e l s ,  th e  ty p e  o f  p ro g ra m e  (0  . . .  15) an d  
w h e th e r  m u s ic  o r  s p e e c h  i s  b r o a d c a s t .  I t  i s  t h e r e f o r e  p o s s i b l e  t o  p r o v id e  a  
c o n t in u o u s  o v e rv ie w  o f  a l l  a v a i l a b l e  p rogram m es a n d  to  c o n t r o l  th e  s w i t c h in g  
f u n c t i o n s  i n  th e  r e c e i v e r .  By m eans o f  th e  S K - in f o r m a t io n  th e  program m e s o u r c e  
i s  i d e n t i f i e d .  T h is  i n f o r m a t io n  c a n  b e  i n t e r p r e t e d  a n d  d i s p l a y e d  b y  th e  
r e c e i v e r .  I t  c o n s i s t s  o f  8 a lp h a n u m e r ic  c h a r a c t e r s * * .

3 . 4 . 2  S t r u c t u r e  o f  t h e  s p e c i a l  s e r v i c e  f r a m e

The 48 b its available w ithin a period  o f  2 ms are divided into six bytes (Fig. 5). The 
first 4 of these are used for the transm ission of the PA -inform ation (SA/PA) as well 

as for the  program m e-source-code (SA/SK). Bytes 5 and 6 of the SA -fram es (Dn- or 

En-bytes) a re  used for identification of the 77-bit block or are  available for o ther 
fu ture applications.

3.^.2.1 Programme Information (PA)

In the case of monophonic broadcasts, the programme information for monophonic chan­
nels 1 . . .  4 (PA-L I, PA-R I, PA-L II, PA-R II) is contained in the first four bytes after the sync word.
The coding scheme for the programme information is then as follows:

Programme type No. Speech/music Mode Parity

0 0 0 0 0 K 0 1 P

1 0 0 0 1 K 0 1 P

2 0 0 1 0 K 0 t P

3 0 0 1 1 K 0 1 P

4 0 1 0 0 K 0 1 P

5 0 1 0 1 K 0 1 P

6 ' 0 1 1 0 K 0 1 P

7 0 1 1 1 K 0 I P

8 1 0 0 0 K 0 1 P

9 1 0 0 1 K 0 1 P

10 1 0 1 0 K ‘ 0 1 P

It 1 0 1 1 K • 0 t P

12 1 1 0 0 K 0 1 P
13 1 1 0 1 K 0 1 P
14 1 1 1 0 K 0 1 P

13 1 1 t 1 K 0 1 P

K: identification for music/speech 
1: music 
0: speech 

P: parity bit
0: even number of “ I"  in bits I . . .  7

The d e s i g n a t i o n  " s t e r e o "  m eans t h a t  two c h a n n e ls  a r e  u s e d  f o r  t h e  t r a n s m i s s i o n  
o f  t h e  program m e e v e n  i f  t h e  program m e s i g n a l  i s  n o t  a  s t e r e o p h o n i c  o n e .

** The program m e s o u r c e  SK c o r r e s p o n d s  t o  t h e  "p ro g ra m m e -s o u rc e "  c o d e  PS i n  th e  
r a d i o  D a ta  S y stem  (RDS).
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The program m e type numbers stand for the following* :

Number Program m e type **

0 No program m e type or undefined

1 News (NEWS)

2 C urrent A ffairs (AFFAIRS)

3 Inform ation (INFO)

4 Sport (SPORT)

5 Education (EDUCATE) SPEECH

6 Drama (DRAMA)

7 C ulture (CULTURES)

8 Science (SCIENCE)

9 Varied (VARIED)

10 Pop Music (POP M)

11 Rock Music (ROCK M)

12 M.O.R. Music (M.O.R. M)
13 Light classical (LIGHT M) MUSIC

Itf Serious classical (CLASSICS)

13 O ther Music (OTHER M)

In the case of stereophonic broadcasts, a double identification for the programme type 
can be used. In this way program m es which can be allocated  to  two d iffe ren t program m e 

types are  b e tte r  to cha rac terize  (e.g. Sport/Pop) and fu rtherm ore  a larger num ber of 

programmes can be found during the searching process in the  rece iv er. A double 

identification  consists of a prim ary and a secondary iden tifica tion . Both have to  be 

t a k e n  front  the t a b l e  o f  programme t y p e  numbers  a b o v e .

The primary identification of the program m e-type and of the iden tifica tion  m usic/speech 

is transm itted  in the  left channel PA-L, the  secondary iden tification  in the  firs t U bits 

of the right channel PA-R. If there  is no need for transm itting  a secondary identification  

the prim ary identification shall be repeated  as secondary iden tifica tion .

* This is the allocation laid down in the EBIJ's recom m andation Doc. T ech.-32^^ on 
the radio data system (RDS) for te rrestrica l VHF sound broadcasts.

** The term s in brackets arc the recommended short term s which can lie used on an 
8 c h a r a c t e r  d i s p l a y  o r  on t h e  f r o n t  p a n e l  o f  t h e  r a d i o  r e c e i v e r .
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To in d ic a te  th e  ste reo p h o n ic  m ode add itiona lly  th e  rem ain ing  b its  of th e  r ig h t channel 

PA-R a re  used. The rig h t channel's  o ccupation  (PA -R) for s te reo p h o n ic  b ro ad c as ts  is 

as follow s : '

X X X X 0 1 0 P

w here : '

X : b its  for coding of th e  secondary  id e n tif ic a tio n

P : p a r ity  b it (0 = even num ber of "1" in b its  1 ... 7)

Bits 6 and 7 : If 01 in PA-L and PA -R  tw o independen t m onophonic channels 

If 01 in PA-L and 10 in PA-R ♦  ste reo p h o n ic  p a ir.

If one ch a n n e l is n o t occup ied  th is  w ill be in d ica ted  by th e  b it sequence

0 0 0 0 1 0 0 1

in th e  co rrespond ing  8 -b it codew ord of th e  p rog ram m e in fo rm atio n  id e n tif ic a tio n . The 

audio-signal sam p les, sc a le  fa c to rs  and add itiona l in fo rm atio n  a re  s e t  to  "p e rm an en t 1" 

in th is  ca se . ,

3 .4.2.2 P rog ram m e so u rce  (SK)

In th e  ca se  of m onophonic b ro ad cas ts  th e  f irs t  four by tes  follow ing th e  sync-w ord  

co n ta in  th e  S K -in fo rm ation  for th e  m onophonic channels I ... b (SK-LI, SK-RI, SK-LII, 

SK-RII). In th e  ca se  of s te re o p h o n ic  b ro ad c as ts  th e  sam e p rog ram m e sou rce  code is 

tr a n sm itte d  in both  th e  le f t  and th e  r ig h t channel.

T he coding-law  fo r th e  S K -data  is based on th e  lis t o f c h a ra c te r s  in th e  RDS- 

sp e c ific a tio n s  EBU D oc. T ech . 324<f, Appendix 5, F ig. 21. In o rd er to  m ax im ize th e  

d is tan c e  to  th e  sync-w ord (to  avoid sim ulation  of sync-w ord) th e  code-w ord  0111 1111 

m ust not be tra n sm itte d . The code-w ords 1110 XXXX and 1111 XXXX can n o t be used 

for th e  sam e reason;, th e  c h a ra c te rs  in th e  EBU-Doc. assigned  to  th ese  code-w ords a re  

th e re fo re  tra n sm itte d  by the  code-w ords 0000 XXXX and 0001 XXXX, resp ec tiv e ly  

(see Table II).

In all by tes b it No. b8 is alw ays tra n sm itte d  f irs t.  The transm ission  alw ays s ta r ts  w ith 

th e  u tm ost le f t  c h a ra c te r  in th e  d isplay . The num ber of all c h a ra c te rs  in c lu d in g  possible 

spaces is alw ays 8. ‘

3.4.2.3 U tiliza tio n  of Dn- and E n-B ytes

In order to  m ax im ize coding d is ta n c e  to the  chosen sync-w ord  (Sync 1; Sync 2) th e  

following ru le  m ust be observed  when Dn- and En-B ytes a re  used :

X X X X X 0 X P
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TABLE I I  - Code table for 218 displayable characters 
forming the complete EBU Latin-based repertoire*

Additional displayable c h a ra c te rs  for:
,   1

EBU
Qisplayable characters from common-core Complete Latin-based

the code table of ISO Norm 646 (7 languages) repertoire (25 languages)

b8 0 

b 7 0 

b6 1 

b5 0

0

0

1

1

0 

. 1 

0 

0

0

1

0

1

0

1

1

0

0

1

1

1

1

0

0

0

t

0

0

1

i

0

i

0

i

0

i

i

1

1

0

0

1

1

0

1

I *

m m

vX vtvtv

0 1

b4

0

b3

0

b2

0

b1

0
\  *

3 4 5 6 7 a 9 10 11 12 13

0 0 @ P P a a a z A
A
A A a

0 0 I 0 1 1 ! 1 A Q a q 4 a at
1

A A A a

0 0 1 0 2 2 8 R b r * i ©
2

E E AE m

0 0 1 1 3 # 3 C S c t * • ° /oo
3

£ E 0 E •

0 1 0 0 4 d 4 0 T d t f i G ♦ r
A
1 A

y . w

0 1 0 1 5 % 5 E U • u ■ • ■ ' i 'i i Y y

0 1 1 0 6 * 6 P V f V o A n n
✓0 / \0 0 o

0 1 1 1 7 • 7 G w 9 w o o o u 0 . 0 0 0

1 0 0 i 0 8 ( 8 H X h >1 u u ir n u
/V
U P P

t 0 0 j 1 9 i 9 1 Y i V u ii «€ c u u 1 1

1 0 I
1 j 0 10 • J z i 2 N n L * R r R r

1 0 1 I 1 11 + K I 1” k
ID

c C
3

C e C c

1 1 oO 12 < L \ 1 s 1 - 1/4 § i S s

1 1 0 1 1
1

13 - = M
1m ■

111
0 3 1 t

i
1/2 2 i z i

1 1 . 1 0 14 > N n i - 3 /4 0 J A

1 1 1 1 15 ' ? 0 o u 'i 1 § L 1 b

l l l l l l  Modification -  see text

* The c h a r a c t e r s  show n i n  p o s i t i o n s  m ark ed  (1 )  i n  t h e  t a b l e  a r e  t h o s e  o f  t h e  
" i n t e r n a t i o n a l  r e f e r e n c e  v e r s i o n "  o f  ISO 646 t h a t  do n o t  a p p e a r  i n  t h e  " c o m p le te  
L a t i n - b a s e d  r e p e r t o i r e "  g iv e n  i n  A p p en d ix  2 o f  EBU d o cu m en t T e c h . 3232 (2 n d  
e d i t i o n ,  1 9 8 2 ) .
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where :

X : unal loca ted bits

P : par i ty bit  (0 = even number  of "1" in bits 1 ... 7)

The D n-B ytes describe  th e  u tiliza tio n  of th e  four m onophonic channels w ith in  one 77-b it 

block. For each  m onophonic channel tw o b its a re  ava ilab le  for th a t purpose. The 

a lloca tion  of th e se  id e n tif ica tio n  b its  to  th e  m onophonic channels is :

Dn (odd)

5th b y te  in th e  S A /P A -fram e

Dn (even)

6th  b y te  in th e  S A /P A -fram e

X X X X X O X P  X X X X X  O X  P

Mono 1 Mono 2 Mono 3 Mono k

LI RI exam ple LII RII

B its No. 5 and 7 of each  D n-byte a re  held in re se rv e  for possible ex tension  of 

id en tifica tio n s  and a re  provisionally  s e t  to  "0".

By m eans of th e  tw o b its four d if fe re n t m odes can be id en tif ied .

mode m eaning

00 m onophonic sound channel 

w ith in  a  77-b it block acco rd ing  to  F ig . 4 

Sound coding as described  in § 2 

add itiona l in fo rm ation  as described  in § 3.5

01 not ye t defined

10 not ye t defined  ,

11 , d a ta  transm ission accord ing  to  APPENDIX V

With an ident i f i ca t ion  o the r  than "0 0" bytes  I ...  ̂ of the  SA/PA-  and the SA/SK-f rarnes  

(F ig . 5) are  not  occupied by p rogramme informat ion or p rogramme source  da t a  and 

a re  f ree for o the r  use.  A safe evaluat ion of the  Dn-bytes  is ensured by 7 consecu t ive  

transmissions of the  SA/PA-f rames  and a major i ty  decision.

The u tiliza tio n  of th e  E n-by tes (bytes No. 5 and 6 in th e  S A /S K -fram e)h as  n o t y e t 

been fixed. They a re  se t to  :

0 0 0 0 0 0 0 0
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One special service fram e SA c o n t a i n s  t h e  program m e iden tifica tion  (PA) and th e  p rog ram m e
source  in fo rm ation  (SK) o f f°ur m ono p h o n ic  o r  tw o ste reophon ic  p rogram m es. T o ca te r fo r all 32 
m onophonic o r 16 ste reophon ic  program m es, eight special service fram es SA/PA  and S A /S K  

m ust be com bined  to  to rm  one special service superfram e SAU/PA o r  SAU/SK.
T he beg inn ing  o f  this superfram e is m arked by the 16-bit W illiard  code w ord  described above (see § 3.3.2) (Sync IX
The rem ain ing  seven special service fram es w ithin the superfram e all sta rt w ith the fo llow ing m odified
sync w ord ( S y n c  2) :

0 0 0 0 0 1 0 1 I I I I I I I I
(see also Fig. 5.)

3.4.3 Structure of the special service superframe SA U

3A A  S tru c tu re  of th e  SA U U -fram e

The specia l se rv ic e  su p e rfram e  SAU/PA and SAU/SK a re  tra n sm itte d  in a l te rn a te  

groups. To th is end an o th er su p e rfram e (SAUU) is fo rm ed co n ta in in g  7 co n sec u tiv e  

SA U /P A -fram es and 8 co n secu tiv e  SA U /S K -fram es. Both groups a re  se p a ra te d  by a 

SAU/LB fra m e  (F ig . 5 ) ,which has th e  s tru c tu re  of a  S A U -fram e in w hich all b y te s  of 

th e  enclosed  8 S A -fram es a re  s e t  to  "0".

The 8 SA U /SK -fram es follow ing th e  S A U /L B -fram es co n ta in  th e  8 c h a ra c te r s  of th e  

p rogram m e sou rce  in fo rm ation  s ta r t in g  w ith th e  u tm ost le f t  c h a ra c te r  o f th e  d isplay . 

In ca se  of sound transm ission  th e  7 co n secu tiv e  S A U /P A -fram es c a rry  id en tica l 

in fo rm ation  thus ensuring d a ta  p ro tec tio n .

3.5 Use o f  the add itional information bits

3.5.1 General

T he process o f  com bin ing  64 m ain  fram es in to  superfram es (see § 3.3) also  leads to  the fo rm atio n
o f  fram es fo r the ad d itio n a l in fo rm atio n  b its Z I. Such a Z I fram e co n ta in s the scale fac to rs fo r tw o au d io
channels . T he rem ain ing  capac ity  is reserved fo r  the fu tu re tran sm iss io n  o f  p rog ram m e-re la ted  in fo rm a­
tio n  (PI) (see F ig . 6).

3.5.2 Scale fa c to r

T he position  o f  the scale fac to rs o f tw o aud io  channels in an  in fo rm a tio n  (Z I) fram e is show n in
F ig. 6. Figure 1 ind icates the a llocation  o f  th e  scale factors to  the  am p litu d e  ranges. In  view o f  th e ir
im po rtan ce , the scale factors requ ire  greater p ro tec tion  against b it e rro rs th an  the  au d io  signal code w ords.
T o  th is end , the tw o 3 b it scale fac to rs o f  a  left a n d  a  right channel are  in se rted , s ta rtin g  w ith the  M SB , 
in to  a system atic abb rev ia ted  BC H  (14,6) code. T he BCH code w ord  is tran sm itted  in trip lica te  (thus 
occup y in g  42 b its o f  the in fo rm atio n  fram e). T o ob ta in  the abb rev ia ted  BCH  code w o rd , the fo llow ing  
steps have to  be carried  out:

a) the two 3 b it scale factors a re  preceded  by a seventh b it with the  value 0;

b) eight check b its are  ob ta in ed  by the gen era to r polynom ial o f a  BCH (15,7) code

g (x )  =  x s +  x 7 +  x 6 +  x* +  x°

and  are ap p en d ed  to the six scale facto r bits. The sequence o f  the  check b its is d e term ined  by the
p ow er o f  the  associated  g en era to r po lynom ial (those with the low est value are a t the end).

T o  facilita te decod ing  o n  the receiving side, the  scale fac to r m ust be received befo re  the so u n d  
signal b lock  from  which it w as derived. F o r techn ical reasons, the  scale fac to r sh o u ld  in fact have a  lead  
o f  tw o so u n d  signal b locks, i.e. transm ission  o f  the scale fac to r in the in fo rm a tio n  fram e ZI shou ld  
com m ence 4 ms before the transm iss ion  o f  the first sound  signal code  w ord  o f  the  associa ted  so u n d  signal 
block.



Scale factors Programme-related information (PI)

BCH code word BCH code word BCH code word

S c  L S c  R Check bits S c  L S c  R Check bits S c  L S c  R Check bits PI

1 4 b its 1 4 b its 14 b i t s

42 b i t s 2 2 b i ts-------------------------------------------------------------------------------— ----------------—

*1 *

64 bits==  2 m s

F IG U R E  6 -  Structure o f  the information frame ZI



Rep. 1228 329

. At 2 ms intervals, resu lting  from  the dete rm in a tio n  an d  transm iss ion  o f  the  scale facto rs, a d a ta  
capacity  o f  22 bits per s te reo p h o n ic  channel is availab le  in the in fo rm a tio n  fram e fo r the transm ission  o f  
add itional p rog ram m e-re la ted  in fo rm ation . These 22 bits shou ld  be used bit transparen tly ,-  i.e. the 22 b it
w ords transm itted  in bursts every 2 ms by the  ------------ earth  s ta tio n  shou ld  reach the in terface*  a t the
receiving end  in bursts o f  22 b its **.

The 22 p rog ram m e-re la ted  in fo rm atio n  b its o f  m o n o p h o n ic  p rog ram m es a re  a llocated  to the tw o 
m o nophon ic  channels on  an  a lte rn a tin g  basis, i.e. a  22 b it p rog ram m e-re la ted  in fo rm atio n  b lock  is only  
transm itted  every 4 ms. T he synch ro n iza tio n  o f  th e  special service su p e r fram e (SA U ) is used to dete rm in e  
the a llocation  o f  the 22 p rog ram m e-re la ted  in fo rm atio n  bits to  the ap p ro p ria te  m o n o p h o n ic  channel. T he 
22 program m e-related  in fo rm a tio n  bits fo llow ing the SAU sync w ord  o f  the special service supe rfram e are 
consequently  assigned to m o n o p h o n ic  channel 1.

3.5.3 Programme-related information (PI)

4. M odulation and R F transm ission

4.1 M odulation technique .

To m ake efficient use o f  the ban d w id th  o f  the tran sp o n d er ch an n e l even at low C / N  values, coheren t 
4 -PS K  m odu la tion  w ithou t bit offset o f  a carrie r is ap p lied . The tw o 10.24 M b it/s  b it stream s derived  from  the 
tw o m ain  fram es form  the inpu t signals. The overall b it rate o f  20.48 M b it/s  perm its 16 ste reo p h o n ic  o r  32 
m o n o p h o n ic  sound  program m e signals to  be transm itted . D ifferential enco d in g  o f  the tw o b it stream s allow s both  
syn ch ro n o u s and  d ifferen tial d em o d u la tio n  at the receiving end. A  com m only  used m o d u la tio n  m ethod  is 
d escribed  in A ppendix  III.

4.2 Scrambling

Scram bling  is app lied  for energy  d ispersal an d  reliab le  clock recovery in m o d u la tio n  pauses o r  in the case 
o f  sta tio n ary  signals fo r pro tection  agains t sync w ord  im itation . As show n  in F ig . 7, the  b it stream s o f  m ain  
fram es A and  B, with the exception  o f  the sync w ords an d  the special service b its, a re  sc ram bled  by m eans o f  a 
c o m b in a tio n  with the pseudo -ran d o m  sequence o f  a sc ram bling  g enera to r. T his is techn ica lly  possib le  u sing  a 
9 d ig it feedback shift register. T he g en e ra to r  po lynom ial is:

g (x )  =  x 9 +  x* +  1

A 308 b it sequence show ing a  m inim um  im ita tion  p robab ility  w ith respect to  the  B arker fram e sync w ord  
is selected from  the  b in ary  sequence o f  511 clocks (29 — 1). The 308 b it sequence is de te rm in ed  by  the  in itia l 
value:

rg, r7 . . .  rQ =  0 1 0 1 1 1 1 0 1

From  the th irteen th  b it o f  th e  m ain  fram e on w ard s, the rem ain in g  308 b its a re  co m bined  w ith the 
p seud o -ran d o m  m odulo-2  as follow s:

— m ain  fram e A with the con ten ts o f  sh ift register cell r0, an d

— m ain  fram e B w ith the con ten ts o f  sh ift register cells an d  /)>.

Subsequently , the  shift register cells a re  reset to the afo rem en tio n ed  in itia l value. S cram bling  then  restarts 
w ith the  th irteen th  b it o f  the next m ain fram e.

4.3 Differential coding

T o be able to  p rov ide d ifferen tia l phase  d em o d u la tio n  instead  o f  the  m ore co m p lica ted  sy nchronous 
m o d u la tio n  a t the receiver, d ifferen tial encod ing  should  be app lied  to  a ll b its o f  m ain  fram es A  an d  B a fte r  
sc ram bling . To do  so, the  tw o scram bled  b it stream s A ' a n d  B' o f m ain  fram es A  a n d  B are  co m b in ed  by m eans 
o f  a  d iffe ren tia l encoder. T he com bination  p rocess app lied  is based  on the  fo llow ing  p rincip le :

* A proposal for a standardized programme-related (PI) information interface in the DSR receiver is contained in 
Appendix I to this Annex.

** A p p e n d i  X I I  ---------   describes a possible packet structure for the transmission of programme-related information.
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FIGURE 7 -  Scrambling in main frames A and B

FIGURE 8 -  Notional block diagram o f  the coherent 4-PSK modulator 
with an encoder for differential encoding
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for A'„ ©  B'n — 0 A ” =  ©  A'„
b " =  b ; _ ,  © b ;  .

fo r A'„© B'„ =  i / i ;  =  b ; _ ,  © /* ;

' B" =  /4 "_ | © b ; .

© :  EX-OR,

X„ : logical sta te  at tim e n, .

Xn_, : logical state at tim e n -  1, i.e. 1 b it earlier.

T he two o u tp u t signals A" and  B" o f  the d ifferen tial encoder form  th e  m o d u la ted  signal (see also Fig. 8).

4.4 Spectrum shaping

T he signal spectrum * prov ided  by the earth  s ta tio n  (linear am p lifica tio n  p o rtio n ) is d escribed  by the  
equ ivalen t represen tation  at b aseband  (50% cos ro ll-off): •

S ( f )  =  1 fo r  0 < /  <  —
4t

fo r  —  <  /  <  —  
4t 4t

S ( f )  =  0 fo r  /  >  —
4t

t  =  b it p a ir  (d ib it) d u ra tio n  =  --------- • 10-6  s
20.48

(The I F /R F  spectrum  is ob ta in ed  by am p litu d e  m od u la tio n  o f  the tw o  o rth o g o n a l ca rr ie rs  w ith a  signal 
co rre sp o n d in g  to the above b aseband  rep resen ta tion .)

4.5 Modulation states

T h e  b it pairs (d ib its) o f  the sc ram bled  b it stream s A ' an d  B' (p r io r  to  d iffe ren tia l encod ing ) in the  
m o d u la ted  4-PSK  signal co rre sp o n d  to the fo llow ing b it p h ase  a llo ca tio n :

Bit information Phase change 
(degrees)

A' B' A<p

0 0 0

1 0 9°

1 1 180

0 1 270

T he phase change is related  to the phase  position  o f  the  carrie r signa l a t each p reced in g  d ib it.**  C o u n tin g  
sh o u ld  tak e  place in an  anti-clockw ise d irec tion  (m athem atica lly  positive).

* Definition of the out-of-band emission in the earth station specifications should conform to the Radio Regulations and the
planning principles for up links (WARC-ORB). The spectrum mask applicable to the 4-PSK signal is shown in 
Appendix IV. •

*• The phase changes and bit allocations indicated here apply to the spectrum of the signal in normal position. The receiver
should automatically recognize whether the spectrum of the signal appears in reverse position as a result of the conversion 
of the signal from the RF range to the IF range at the receiving end and should be able to process the signal accordingly 
(e.g. by exchanging A' and B' according to the associated sync word in the case of differential demodulation).
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A P P E N D IX  I

• PRO G RA M M E-R EL A TED  IN FO R M A T IO N  (PI) IN T E R FA C E
IN TH E DSR SO U N D  BROADCAST R E C E IV E R

T o  be able to identify  the p rog ram m e-re la ted  in fo rm atio n  o f  the p ro g ram m e received, the  receiver fo r 
so und  b ro ad casts  will com prise a  special serial interface. T hree  d ifferen t o u tp u t signals will be app lied  to  the 
in terface . T he logical com bin a tio n  o f  these o u tp u t signals will p erm it the read in g  o f  the p rog ram m e-re la ted  data .

F ig u re  9 show s the o u tp u t fo rm at o f  the th ree signals an d  th e ir  re la tio n sh ip  in tim e fo r s te reophon ic  
p rog ram m es:
— d a ta  stream  o f  the ad d itio n a l in fo rm atio n  relating  to  the  s te reophon ic  ch a n n e l;
— w indow  signal;
— 32 k H z clock.

T he logical co m bination  o f  these signals ensures th a t the  22 b it w ords co n ta in ing  the p rog ram m e-re la ted
in fo rm a tio n  (PI) are  transm itted  in bursts every  2 ms.

T he w indow  signal changes in the  case o f  m o n o p h o n ic  p ro g ram m es. It only  ap p e a rs  every 4 m s;
consequen tly , a 22 b it PI w ord  is only tran sm itted  a t 4 m s in tervals. A llo ca tio n  to the a p p ro p ria te  m on o p h o n ic
chan n e l is described in § 3.5.3.

T he choice o f  p lug  and  its p in  a llo ca tio n  is left to  the m anufac tu re rs  o f  th e  receivers.

a) P I P I Scale factors

22 b its

c) ■

4 2 b its 22 b its

2 m s

F IG U R E  9 -  Programme-related information (PI) interface, ou tput form at and correspondence in tim e (stereo)

a) Additional inform ation (ZI) data stream
b )  Window signal, start o f word with positive slope
c) 32 kHz clock, data o u tp u t with negative clock slope
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A P P E N D IX  II

PACKET STRUCTURE FOR PROGRAMME-RELATED INFORMATION (PI)

T he 22 b it p rogram m e-re la ted  in form ation  w ords occurring  every  2 ms (every 4 ms in m o n o p h o n ic  
p rog ram m es) are used  as follow s: •

1. T he p rog ram m e-re la ted  in fo rm atio n  (PI) is s truc tu red  in packets  w hose leng th  co rresponds to  in tegral
m u ltip les o f  22 bits. •

2. A packet consists o f  a  header  (2 x  22 bits) an d  the packet contents (n  x 22 bits).

3. T he stru c tu re  o f  the header is illustrated  in F ig. 10. T he header beg in s with a  12 b it initia l w ord

0 0 0 0 0 0 1 1 1 1 1 1
T he initia l w ord  is follow ed by tw o bytes fo r packet length indication  an d  ends with two bytes fo r packet 

contents identification.

4. E ight b its o f  the  two bytes fo r packet length indication  a re  used fo r ind ica ting  256 d ifferen t packet lengths. 
C onsequen tly , the  m axim um  packet length, including the header, co rre sp o n d s  to 255 x  22 bits +  2 x 22 b its =  
5654 b its an d  is tran sm itted  over a ste reophon ic  link in 514 ms (1028 m s in  the case o f  m o n o p h o n ic  program m es). 
T he o th e r  8 b its o f  the packet length  indication  are  used for bit e r ro r  p ro tec tio n  (H am m in g  (8,4) code). T he 
en co d in g  an d  deco d in g  schem e for half-bytes is given in T ab le  III.

5. T he tw o bytes for packet contents identification have the sam e stru c tu re  as the packet length ind ica tio n  and  
use the  sam e b it e rro r  pro tection . 256 d ifferen t packet con ten ts iden tifica tio n s are  thus possible.

6. T he packet contents are transm itted  in 22 b it w ords. T he actual n u m b er o f  22 b it w ords is de te rm in ed  by
the pack e t length  ind ica tion . Length 0 is a “dum m y p ack e t” consisting  o n ly  o f  a  header. Length 255 ind icates the 
m ax im um  length o f  255 x 22 bits fo r the packet con ten ts . The stru c tu re  an d  b it e rro r  p ro tection  o f  the 22 bit 
w ords are  left to the  user o f the various possible services an d  need  to  be specified  w hen a new  service is 
in tro d u ced . .

22 bit programme-related information (PI) word 22 bit programme-related information (PI) word

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 1 2 3 4 S 6 7 8 9 tO 11 12 13 14 tS 18 17 18 19 20 21 22

Check bits

m  r  r  i  i i  i t  ~ i

1 2 3 4 S 6 7 8 9

0 0 0 0 0 0 1 1 1 1 1 t |ba|b7|b6|b5|tMlb3lb2|btlMlb7|b6|b5|b4lb3lb2lbllbalb7lb6lbs|b4|b3lb2lbl|ba|b7lb6|b5lb4lb3|b2|b1 x x x x x x x x x
r r i  T  r  i  i  i t
MSB information bits LSB

Packet length indication

n ~ T T  r  i ( r
information bits

Packet contents identification

Packet contents

F IG U R E  10 -  Structure o f  the header o f  the programme-related information (PI)

A P P E N D IX  III 

MODULATION

4-PS K  m o d u la tio n  can  be genera ted  by, fo r exam ple, tw o p h ase  q u a d ra tu re  ca rr ie r  osc illa tions A  an d  B 
w hich  are  2 -PS K -m odu la ted  by b it stream s o f  10.24 M b it/s  an d  finally  ad d ed .

M ain  fram e A generates a  co n tin u a l d a ta  stream  o f  10.24 M b it /s  on  carrie r signal A, w hereas m ain  
f ram e B generates a  con tinual d a ta  stream  o f  10.24 M b it/s  on  c a rr ie r  signal B. By ad d in g  the tw o 2-PSK - 
m o d u la ted  carrie r signals, which have th e  sam e am plitude , the  4-PSK  sig n a l is o b ta in ed  (F ig . 8 ).
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TABLE III -  Encoding and decoding scheme fo r  the bytes protected by a Hamming code

ENCODING information bits

hexadecimal number decimal number b8 b7 b6 b5 b4 b3 b2

0 0 0 0 0 1 0 1 0
1 1 0 0 0 0 0 0 1
2 2 0 1 0 0 1 0 0
3 3 0 1 0 1 1 1 1
4 4 0 1 1 0 0 1 0
5 5 0 1 1 1 0 0 1
6 6 0 0 1 1 1 0 0
7 7 0 0 1 0 1 1 1
8 8 1 1 0 1 0 0 0
9 9 1 1 0 0 0 1 1
A 10 1 0 0 0 1 1 0
B 11 1 0 0 1 1 0 1
C 12 1 0 1 0 0 0 0
D 13 1 0 1 1 0 1 1
E 14 1 1 1 1 1 1 0
F 15 1 1 1 0 1 0 1

bl

1
0
1
0
0
1
0
1
0
1
0

1
1
0
1
0

b7 = b8 ©  b6 ©  b4
b5 = b6 ©  b4 ©  b2
b3 = b4 ©  62 ©  b8
bl = 5 2  ©  b8 ©  b6

protection bits

DECODING 0 =  EXCLUSIVE-OR 
62 = b2 inverted

A  = b8 ©  b6 ©  b2 ©  bl
B - b8 ©  b4 ©  b3 ©  b2
C - b6 ©  b5 ©  b4 ©  b2

i b5 © cr -fc. ©  63 ©  62 ©  61

A B C D interpretation information

1 1 1 1 no error accepted
0 0 1 0 error in b8 corrected
1 1 1 0 error in b7 accepted
0 1 0 0 error in b6 corrected
1 1 0 0 error in b5 accepted
1 0 0 0 error in b4 corrected
1 0 1 0 error in b3 accepted
0 0 0 0 error in b2 corrected
0 1 1 0 error in bl accepted
A  • B • C = 0 1 multiple errors rejected
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APPENDIX IV

SPECTRUM MASK FOR THE EARTH STATION

To avoid adjacent channel interference, the RF spectrum at the output o f the power am plifier of the earth 
station should not exceed the tolerance mask shown in Fig. 11. •

(f - f o ) MHz

FIGURE 11 -  Tolerance mask fo r the Earth station

Out-of-band spectrum mask for the 4-PSK signal at the output of the transmitting 
earth station (4 kHz measuring filter), related to the maximum planned e.i.r.p., 
measured with a pseudo-randon sequence of 2 15 -  1 in length, which modulates 
the two carriers.
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APPENDIX V 

DATA TRANSMISSION

Without changing its structure the DSR-system can also be used for data transmission. 
Each monophonic channel provides a data rate of 448 kbit/s. Each 14-bit code-word 

for transmission of sound signals consists of 11 BCH-protected MSB's and 3 unprotected 

LSB's (Fi&- 4)- Hence the total capacity of a monophonic channel consists of 352 kbit/s 

(BCH-protected) plus 96 kbit/s (unprotected). This has to be taken into account when 

using the channel for data transmission. Possible schemes for data transmission are 
described in [Assmus, 1989] and [Assmus (EBU R eview ), 1989],

For a detailed description of the data transmission service the bytes in the SA/PA- or 

SA/SK-frame allocated to the corresponding monophonic channel can be used. The first 

4 bits of the SA/PA-bytes can be used to describe different data transmission structures. 

Details have not yet been defined.

X X X X X 0 I P

Bit No. 5 may also be used for future identification purposes. Bits No. 6 and 7 are 

set to ”01" in order to maximize coding distance. Bit No. 8 is the parity bit.

Two adjacent monophonic channels can be combined in order to obtain a total data 

rate of 896 kbit/s (704 kbit/s protected, 192 kbit/s unprotected). The occupation of 

the corresponding SA/PA-bytes then is :

X X X X X 0 I P X X X X 0 1 0 P

The capability of identification by means of bit No. 5 in the first channel then refers 

to the pair of channels.

The use of the SA/SK-bytes has not yet been specified, if there is no other request 

they may still be used for programme source information. The structure would be as 

explained under 3.4.2.2.

At the receive end an interface has to be prepared for the whole 77-bit blocks 

(uncorrected) as well as for 63 bit BCH blocks (corrected) and the clock burst. The 

output format and the time relations of this interface are shown in. Fig. 12.
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ANNEX II
TECHNICAL DESCRIPTION OF THE FULL-CHANNEL DIGITAL MODE OF THE MAC/PACKET FAMILY

SYSTEMS

1. I n tro d u c t io n

General description of the MAC/packet family is given in Report 1073 and 
the CCIR Special Publication on the transmission systems to be used in the 12 
GHz BSS band. When the MAC vision signal and its field-blanking interval are 
replaced by one or several data bursts, the MAC/packet system operates in the 
full-channel digital mode. This mode of operation has been recently proposed by 
the EBU and was introduced in the Specification of the systems of the MAC/packet 
family [CCIR, 1986-90a],

This Annex describes only those elements of the Specification which are 
specifically related to the full-channel digital mode of operation. Sound 
coding, signalling and modulation parameters etc are specified in the Special 
Publication and are not repeated here.

2. The t i a e - d i v i s i o n  m u lt ip le x  s t r u c tu r e

In the case of full-channel digital mode of operation, the time-division 
multiplex structure for each line is shown in Fi8-1S-

This Figure assumes that the first data burst is of normal length. If the 
first data burst is reduced in length, the clamping period and the start of the 
second data burst are moved forward accordingly. The first data burst must end 
not later than shown in the Figure.

Examples of multiplex structure for full-channel digital mode of operation 
of C/D- and D2-MAC/packet are given in Figures 14 and 15, respectively. The basic 
television multiplex structure used for normal television transmissions is 
retained for full-channel digital mode of operation, except that the analogue 
vision signal is replaced by digital signals. The data stream of full-channel 
digital mode is divided in time-division multiplex (TDM) components. Each of the 
TDM components may occupy lines 1 to 623*, inclusive, of each frame, leaving 
line 624 free for insertion of a clamp marker and reference signals, and line 
625 free for insertion of a frame synchronization word and the special data 
burst (as specified in the Special Publication). -

In principle, the digital TDM components of the C and D systems are di­
vided in two subframes, one of them being intended to be handed over to a D2 
system. These TDM components are identified by TDMCID codes 01-0E.

However, certain operational requirements for the C and D systems, such as 
high-speed data services, may demand a multiplex structure which is not compati­
ble with the above general principle, i.e the TDM components are not divided in 
two subframes. In this case, a D2 subset of the C and D systems may not exist. 
These components are identified by TDMCID codes 40-4F.

3 . D ata t r a n s m it te d  in  l i n e  625 r e le v a n t  to  th e  f u l l - c h a n n e l  d i g i t a l  mode

Overall structure of line 625 data is given in the Special Publication. 
Specific information related to the full-channel digital mode of operation is 
included in the static data frame (SDF) and the repeated data frame (RDF) as 
follows:

* In the case of full-channel digital mode of operation, the vision insertion 
test line signals and teletext signals in the field blanking interval 
should be omitted.
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(Sec Note 1)
a  '

(Sec Note 2) 
 A _ _

r
Run-In b it  1 
(see Note 3 )
LSW r

Transition 

Clamp interval 

Transition

Run-in b it 2 (see Note 3)

I
Clamp 
marker"” |

TTTT

I

Line
624

I
Line
625

£
I I
! I

1296 7
/ i

-d+7 d+11

j i

i \
d+26 'd+30. Sample numbers.

i
1296

d: duration In b its  of the f ir s t  data burst
LSW: line.-synchronization word (6 bits)

FIGURE 1 4  -  Example of multiplex structure for C and D full-channel d ig ita l  mode 
‘ of operation (not to scale) ‘

Note 1: This part of the frame consists of TDK components with TDMCID codes 01
* and 02 . Its  to ta l duration is  198 b its  (4- one spars b it)  or. le s s . I t

may contain a single TDM component.

Notc2: This part of the frame consists of TDM components divided in two
subframes or not. The TDMCID codes are 03 to 0E and 40 to 47 
resp ectively . The duration of the TDM component l s  signalled  in 
l in e  625.

Note 3: In the esse of full-channel d ig ita l mode of operation, a d ifferen tia l
demodulator for the C system should use run-in b it  2. Run-in b it  1 is
not used for that purpose and can be the la s t  usefu l b it  of the la st  
d ig ita l  TDM component as signalled  in lin e  625.
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Clamp 
(See NoCe i ) p e rio d

rLSW, 4 b ica

(See Mote 2)
_____ z\_____

LSU, 2 b i t s .

1

Clamp
marker

I

Line
624
_ x z
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I iI I
I 1

2296—-9______  2d+10_____2d+25 .. — ——Sample num bers. — — — —1296

d -  duration in b its  of the f ir s t  data burst 
LSW: line synchronization word (6 bits)

FIGURE 15 -  Example of multiplex structure for D2 full-channel d ig ita l mode of 
operaeion (not to sca le)

Hote  1 This part of the frame consists of TDM components with TDMCID codes 01 
or 02. I ts  to ta l duration i s  99 b its .

Mote 2 This part of the frame consiate of TDM components with TDMCID codes in  
the range 03 to 0E and/or 40 to 4 f. The duration of the TDM component 
i s  signallsd  in lin e  625.
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(MVSCG) M u ltip le x  and v id eo  scram bling  c o n tr o l group gives information on 
the physical signal organisation within the satellite channel. Bits 1 to 4 con­
stitute the Time division multiplex configuration (TDMC) sub-group and take the 
following values in the full-channel digital mode:
Bit 1: bj - 0
Bit 2 ' bm - sound/data multiplex format: if bm - 1, the sound/data multi-

, plex is compatible with decoders intended for the normal burst mul­
tiplex, defined in this specification; if bm - 0, the sound/data
multiplex is not compatible.

Bit 3: b? ~ sound/data multiplex transcoding recommendation; if this bit
is "1", then the subframe characterised by TDMCID - 01 is the only 
one that is recommended by the broadcaster to be handed on from C 
or D-MAC/packet system into a D2-MAC/packet system; if this bit is 
"0", then either of the subframes with TDMCID codes 01 and 02 may 
be handed on at the choice of the cable operators. For satellite 
broadcast of a D2-MAC/packet signal, bit 3 has no significance. For

■ fu l l - c h a n n e l  d ig i t a l  mode o f  o p e r a t io n , t h i s  b i t  i s  o n ly  r e le v a n t
to  th e  f i r s t  data  b u r s t .

3.1 S ta tic  data frame (SDF)

Bit 4: b4 - 0
For full-channel digital mode, bits 5-8 of MVSCG have no function in the user's 
decoder.
3.2 R epeated  da ta  fram e (RDF)

- The repeated data frame transmits Time D iv is io n  M u lt ip le x  C on tro l (TDMCTL) 
information that describes the individual components of the time division multi­
plex. In particular, parameter TDMCID (TDM component identification) carries 
a unique code for every type of TDM component as follows (hexadecimal 
notation): •
01-0E: For C- or D-MAC/packet systems, these codes are allocated to areas

reserved for data bursts organized as two related subframes; the 
odd TDMCID codes refer to the first subframe in each data burst,

. the even codes to the second subframe. For a D2-MAC/packet system,
these codes are allocated to areas reserved for data bursts.
The data burst immediately following the line synchronization word 
is always identified by TDMCID codes 01 and 02 for C- or D- 
MAC/packet systems, and by the codes 01 or 02 for the D2-MAC/packet 
system.
For C- or D-MAC/packet systems, the data bursts following the 
clamping interval are labelled by TDMCID code pairs, i.e. 03 and
04 0D and 0E. For the D2-MAC/packet system, these data bursts
are labelled with TDMCID codes 03 or 04, ..., 0D or 0E.

40-4F: Allocated to areas reserved for data bursts not divided in two re­
lated subframes.
Parameter TDMS (Time D iv is io n  M u lt ip le x  S t r u c tu r e ) : defines the 

horizontal and vertical boundaries of subframes* allocated to a TDM component in 
terms of line numbers and clock periods, respectively. One TDM component may

* A subframe is any rectangular shaped area within the television frame.
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comprise one or more subframes, and each TDMS field can define two separate 
subframes, if required. These must occupy identical clock periods (e.g. in the 
definition of the luminance component in fields 1 and 2 of the television 
frame). The format of the TDMS field is as follows:

(FLN1) 10 bits: first line number of TDM component subframe 1 
(LLN1) 10 bits: last line number of TDM component subframe 1 
(FLN2) 10 bits: first line number of TDM component subframe 2 
(LLN2) 10 bits: last line number of TDM component subframe 2 
(FCP) 11 bits: first clock period of TDM component subframe(s)
(LCP) 11 bits: last clock period of TDM component subframe(s)
Line number 1 is coded as binary 0, clock period 1 is coded as 
binary 0; higher numbers are coded correspondingly. All l's in 
FLN1, FLN2, etc. represent invalid codes and are used to signal 
undefined subframes. Thus, a TDMS field defining only one subframe 
has all l's in FLN2 and LLN2.

Parameter LINKS (L inked s t r u c tu r e ) : one-bit switch used to link the group 
of TDMS field(s) needed to fully define one TDM component. This bit changes on 
each repetition of the linked TDMS field(s).

TDMCTL data for different TDM components can be sent in any order in suc­
cessive television frames. Linked structures must be described in increasing or­
der of FLN1. TDMS fields having the same value of FLN1 must be transmitted in 
increasing order of FCP. The maximum number of different TDM components in one 
satellite channel must never exceed 128*.

Any change of the TDM configuration is synchronized by the frame 
counter. New TDMS data, which is flagged by the UDF (up-date flag) bit, is 
transmitted prior to the change. New and old TDMS data can be interleaved in any 
order in successive data frames. The actual change of configuration starts from 
the beginning of line 1 of the second frame following the frame in which 
FCNT (frame counter) code 0 (modulo 128) is sent.

A TDM component that is to be deleted is flagged by the UDF bit, and the 
TDMS data is set to all l's. The component is deleted after the next change of 
configuration as described above. The procedure can be repeated several times to 
increase the probability that no receiver has failed to recognize the deletion.

It is recommended that new TDMCTL data be sent shortly before any change 
of configuration in order t6 minimise the acquisition delay for those receivers 
which are turned on during this process.
4. Service identification (SI) channel in the full-channel digital mode

Chapter 5, part 5 of the Special Publication gives the specification of 
the data broadcast in the service identification channel. This channel is formed 
by packets in the sound/data multiplex with the packet address "0". For normal 
television transmissions, the information broadcasting this channel gives the 
user access to the various television, sound, and data services, that may co-ex­
ist in a channel carrying a signal of the MAC/packet family. In  th e  case  o f  
fu l l - c h a n n e l  d i g i t a l  mode o f  o p e ra tio n , each d i g i t a l  TDM component c a r r ie s  i t s  
own S I  c h a n n e l. I t  p ro v id e s  th e  in fo rm a tio n  needed by th e  u s e r  to  a c c e ss  th e  
sound s e r v ic e s  and th e  da ta  s e r v ic e s  p r e s e n t  in  th a t  TDM com ponent.

. REFERENCES
CCIR Documents

[1986-90] a. JIWP 10-11/3-51 (EBU)

* This number corresponds to a maximum acquisition time of about 5 seconds for a 
particular TDM component.
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SECTION 1 0 /1 1 C: TECHNOLOGY

REPORT 8 1 0 -3 *

BROADCASTING-SATELLITE SERVICE 
(SOUND AND TELEVISION)

Reference patterns and technology 
for transmitting and receiving antennas

(Question 2/10 and 11, Study Programme 2D/10 and 11)
(1978-1982-1986-1990)

1. Introduction ,

The WARC-BS-77 agreed to reference patte ns for satellite transm itting and earth-station receiving 
antennas for planning the 12 GHz broadcasting-satellite service in Regions 1 and 3. The adopted patterns are 
contained in Annex 8 to the Final Acts of the WARC-BS-77. Similarly, antenna reference patterns were adopted 
at the RARC SAT-83 for planning the 12 GHz broadcasting-satellite service in Region 2. These patterns are found 
in Annex 5, § 3 of Part I of the Final Acts o f the RARC SAT-83. (See also § 3 o f Annex 5 of Appendix 30 
(ORB-85) of the Radio Regulations.)

The purpose of this Report is to introduce new reference antenna patterns for spacecraft transm itting and 
ground receiving equipment. This inform ation can be used in system planning. The reference patterns are 
presented in § 2 and a description of the present state of technology, including experimental data which justifies 
the reference patterns, is presented in § 3.

2. Reference patterns

For planning the broadcasting-satellite service, it is necessary to make certain assumptions concerning the 
maximum gain of the antenna (both for transm itting and receiving), and the way in which the gain decreases as a 
function of the angle measured from the axis of the beam. This inform ation is essential for calculating interference 
between the transm issions for different service areasA

This section proposes reference patterns which can be used for this purpose. They are not intended to 
represent specifications of the best perform ance which may be possible, but they are reasonable practical targets 
which should be feasible when good design techniques are used.

The patterns are given as functions of the relative angle q>/<p0, where (p is the angle measured from the
axis o f the beam, and (p0 is the angular width of the beam measured between the — 3 dB levels. The levels are
expressed in dB relative to the maximum (on-axis) gain o f the antenna.

Patterns are specified separately for the co-polar and the cross-polar com ponent. They apply equally to 
linear and circular polarization. It is intended that they should be applicable throughout the whole of the 
broadcasting band under consideration, and for all angles of azimuth.

2.1 S a te llite  transm ittin g  antenna

It is likely that initial planning will be based on the assumption that the beams emitted from the satellite 
have elliptical or circular cross-sections, and the reference patterns in this Report are based on this case.

N ote. — Nevertheless, antennas with specially-shaped beams may be very useful for broadcasting satellites, 
because they would facilitate the suppression of undesirable spillover to neighbouring countries, while maintaining 
an effective coverage in the intended area. Information on one such antenna is given in § 3 and in Report 676.

* This R eport should be brought to  the  a tte n tio n  o f th e  IEC.
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2.1.1 C o-polar com ponent

It is convenient to consider the reference pattern as comprising three sections, namely:

— the main lobe, corresponding approximately to 0 < cp/<p0 < 1.6;

— the near sidelobes, corresponding approxim ately to 1.6 < (p/<Po < 3.2;

— the far sidelobes, corresponding approxim ately to tp/tp0 > 3.2.

As discussed in Report 558, the envelope of the main lobe can be satisfactorily approxim ated by a
curve of the form — 12((p/(p0)2 (dB). This is confirmed by measurements on a number of antennas already 
produced in the USA [CCIR, 1974-78a).

The level of radiation in the region of the near sidelobes is particularly im portant for broadcasting 
satellites, because it will have a significant effect upon the interference between different service areas. For 
this reason, it will be essential to employ antennas which are designed to reduce the level of the near 
sidelobes.

Through the use of offset-feed configurations, such as a Cassegrain horn, sidelobe levels less than
— 30 dB can be achieved [Janky and Barewald, 1977].

For the far sidelobes, the measurements made in the USA show that, with current technology, the 
level can be kept within an envelope defined by the curve:

-[17.5  +  25 log (<p/<Po)] dB .

The studies made by ESA show that, if necessary, it would be possible to design antennas in which 
the level o f the far sidelobes falls off more rapidly, with respect to <p/<p0, than indicated by the above 
expression.

It is recognized that, in practice, there must be some lower limit to which the level asymptotes. For 
the reference pattern, this is taken as being equal to minus the on-axis gain of the antenna.

Taking account of the above discussion, the proposed reference pattern for the co-polar com ponent 
of the satellite transm itting antenna is defined in Fig. 1. In practice, the values near <p/<Po =  1.5 may be 
difficult to achieve [CCIR, 1978-82a]. One method to improve this situation is to use a larger reflector with 
tapered illumination.

2.1.2 C ross-polar com ponen t

A study by the European Broadcasting Union [CCIR, 1974-78b] suggests that the upper limit for 
the cross-polar com ponent can be expressed in the form:

- ( a  +  b l o g  |(<p/(p0) - 1  |) dB (1)

where a  and b  are constants.

Account is taken of the discontinuity which occurs at (p/cpo =  1 by applying a limit to the 
permitted values of the envelope.

Theoretically, the level can be kept arbitrarily low at all angles, and some studies have indicated 
that this could be as low as —40 dB [CCIR, 1974-78c]. However, until more practical experience is 
obtained in the design and construction o f antennas with a very low cross-polar radiation, it is prudent to 
adopt, for a reference pattern, a somewhat less stringent specification.

In practice, the level of cross-polar response depends primarily on the characteristics of the feed. If 
the feed for the transm itting antenna is used exclusively for transm ission and does not have to be part o f a 
multi-function feed assembly, then excellent cross-polar responses can be obtained in the range of —35 to
— 40 dB over the main beam [Janky and Barewald, 1977].

Taking account o f the limited am ount of inform ation on measured results which is so far available, 
it is proposed to make a  and b  equal to 40, in expression (1), with an upper limit o f —33 at (p/<Po <  1 -5, 
and a limit equal to minus the on-axis gain at <p/<po >  1.5.

This proposed pattern is shown in Fig. 1. In practice, the values around boresight may be difficult 
to achieve [CCIR, 1978-82a].

If the feed assembly is used for both transm itting and receiving, Or if a multiple-feed assembly is 
used to generate an irregularly-shaped beam, then it may not be possible to achieve the cross-polar 
performance indicated in Fig. 1.
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2.2.1 C o-polar com ponent

Because broadcasting systems involve the use of num erous receiving antennas (whether for 
individual or community reception), the standards of perform ance that are reasonable on economic 
grounds will tend to be poorer than for transm itting antennas. M oreover, when specifying the reference 
pattern, account must be taken of the probable inaccuracy of pointing the antenna towards the wanted 
satellite.

It is suggested that, to take account of the pointing error, the reference pattern should correspond 
to a relative gain of 0 dB for relative angles up to cp/cpo =  0.25. Thereafter, the curve may be expected to 
follow a square-law (that is, the relative level is equal to - 1 2  (<p/cp0 )2 dB), in the same way as in the case 
of the transm itting antenna discussed above in § 2.1, to a level of — 6 dB.

Earth-station receiving antenna
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FIGURE 1 -  Reference patterns fo r  co-polar an d  cross-polar com po­
nents fo r  a single-feed satellite transm itting antenna producing a beam  

o f  circular or elliptical cross-section

Curve A: Co-polar component (dB)
-  12(<p/<p0)2 forO<<p<1.58<p0
-  30 for 1.58 <p0 <<p< 3.16 <p0 

* -  [17.5 +  25 log (<p/<p0)J for 3.16 <p0<<p
After intersection with Curve C : as Curve C 

B: Cross-polar component (dB)
-  (40 +  40 log|(<p/<p0) -  1|) fo r0*< p< 0 .33  <p0
-  33 for 0.33 <p0 < <p < 1.67 <p0
-  (40 +  40 log |(<p/<p0) -  11) for 1.67 <p0 <  <p 
After intersection with Curve C : as Curve C

C : minus the on-axis gain (dB)

At larger angles, the relative level will depend on the degree to which sidelobe reduction techniques 
are used.

For individual-reception antennas, w ithout the use o f such techniques, the upper limit of the 
relative level decreases from the -  6 dB point at a rate given by the expression

' - [ 9  +  20 log (cp/cpo)) d B .

up to tp/<po =  1.26, and from this point decreases at a faster rate given by

— [8.5 +  25 log (cp/cpo)] dB

up to (p/<po =  9.55. Beyond this point, a constant level o f - 3 3  dB is taken for the rem ainder o f the 
envelope.
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According to the WARC-BS-77, Curve A of Fig. 2 for individual reception (in Region 2) is 
extended up to a value of <p/<po =  15.14 and has a constant value of - 3 8  dB beyond that (see Annex 8 to 

;the Final Acts o f the WARC-BS-77).

For community reception, without sidelobe-suppression techniques, the relative level is given by the 
^expression

-[10 .5  -I- 25 log (<p/<p0)] dB

starting from cp/cp0 =  0.86, and continuing until the level corresponding to minus the on-axis gain is 
reached. The pattern corresponding to a community receiver without sidelobe-suppression is given in 
Curve A' of Fig. 2.

If sidelobe-suppression techniques are employed, the curve —12 (<p/<p0)2 could be continued to a 
relative angle of <p/<po =  1.44, corresponding to a relative level o f —25 dB. The sidelobes could be 
contained at less than this level to a relative angle o f <p/<po =  3.8, and thereafter the level falls according 
to a curve defined by

— [10.5 +  25 log (tp /c p o )]  dB

The pattern corresponding to the use o f sidelobe-suppression is shown as curve A" in Fig. 2. This 
curve may be feasible for both individual and community reception when sidelobe-suppression techniques 
are used.

2.2.2 C ross-po lar com pon en t

The level o f the cross-polar com ponent can be defined in the same way as in the case of the 
transm itting antenna, but a less stringent perform ance must be expected. Moreover, account must be taken 
o f the probable pointing inaccuracy o f the antenna. Thus, it is proposed that the level should be —25 dB 
to a relative angle (p/<Po =  0.25. It then rises according to the curve

— (30 -h 40 log | ((p/<Po) — 1 |) dB

to a maximum of —20 dB, which is m aintained to a relative angle (p/cp0 =  1.4. It then decreases according 
to the curve

- ( 3 0  -I- 25 log | (<p/(p0) - 1  I) dB

to a level o f —30 dB. It m aintains the —30 dB level until it intersects with the co-polar com ponent curve 
which it then follows. The resultant pattern is shown in Fig. 2 as Curve B. It may be taken as applying to 
both individual and com munity reception.

2.3 S u g g es ted  values o f  <p0

The suggested values o f cpo to be assumed for different types of broadcasting service are given in Table I.

Higher-gain antennas may be used in some receiving installations, for example, to obtain a better 
signal-to-noise ratio, but the Table is intended to indicate the values of cp0 for the types of antenna expected to be 
used in the majority of receiving installations.

Attention is drawn to the fact that antennas with smaller beamwidths will require careful alignment and 
careful mounting to prevent degradation in reception, and that they may also call for a specification of maximum 
satellite m otion more dem anding than that of satellites for other services.

3. Antenna technology and experimental data

This section presents a summary o f the docum ents submitted on spacecraft and ground-station antenna 
technology. New sidelobe envelopes have been presented in § 2, and the salient experimental data justifying these 
envelopes are also included.
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Relative angle (cp/<p0)

20 50 100

Relative antenna gain (dB):

Co-polar component

A: individual reception without sidelobe suppression
0 for 0<q>< 0.25 <p0
-  12 (<p/<fb)2 for 0.25 cp0<<p< 0.707 (p0
-  [9.0 -f 20 log (<p/<p0)] f ° r °-707 <Po < <P <  • -26 <p0
-  [8.5 +  25 log (tp/tpo)] for 1.26 <p0<<p<9.55 <p0
-  33 for 9.55 <p0 <  <p

A': community reception without sideiobe suppression 
0 for 0<q> <0 .25
-  12 (qj/q^)2 for 0.25 q>0 <  q> <  0.86 q̂
-  [10.5 +  25 log (q>/q>o)] for 0.86 q\) <q>
After intersection with curve C: as curve C

A": feasible for community and possibly for individual reception 
when sidelobe-suppression techniques are used 
0 for 0 <  q><0.25 q\)
-■ 12 (qj/q*,)2 for 0.25 q>0<q>< 1.44 q̂
-  25 for 1.44 q)o<q><3.8 qiQ
-  [10.5 +  25 log (q>/q>0)) for 3 8  <Po <  <P

B : Cross-polar component (both types o f  reception)
-  25 for 0 < <p<0.25 (p0
-  (30 +  40 log |(<p/<p0) -  1|) for 0.25 <p0<(p< 0.44 <p0
-  20for0.44<p0<<p<1.4<p0 -
-  (30 +  25 log |((p/<p0) -  1|) for 1.4 <p0<qx2<p0
-  30 until intersection with co-polar component curve; then as 

for co-polar component

C : Minus the on-axis gain

FIGURE 2 -  Reference patterns fo r  co-polar and cross-polar 
components fo r  receiving antenna

Note. — The flat portion of the curves up to <p/<p0 = 0.25 takes 
account of the pointing error of the antenna.
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TABLE I -  Half-power beamwidths, <p0 o f  ground receiving antennas 

(typical diameters are given in brackets)

Frequency

Broadcasting-satellite service

Terrestrial broadcasting serviceCommunity
reception

Individual
reception

2.0° (Regions 1 and 3)
12 GHz(') 1.0° (0.9 m) 3.0°(2)

(1.8 m) 1.7° (Region 2) (0.6 m)

(Regions 1 and 3) (1 m)

2600 MHz 2.7° 8°
(3 m) (1 m)

700 MHz 9° 15° (2 m parabola) See
(3.4 m) 30° (Yagi) Recommendation 419

(1) These are the values of adopted at the WARC-BS-77 for planning of the 12 GHz broadcasting-satellite service in Regions 1 and 3 and 
at the RARC SAT-83 for planning of the 12 GHz broadcasting-satellite service in Region 2.

(2) Some Administrations propose a different value for this parameter.

3.1 Spacecraft transm itting an tenn as

3.1.1 S ide lobe  levels

Effective spectrum utilization of the geostationary orbit for broadcasting satellite transmission 
depends to a large extent upon directional control of the antenna radiation. The most effective means of 
serving a desired broadcasting service area with the required e.i.r.p. while m aintaining low levels of 
radiation outside of this area is through active or passive control o f the satellite antenna radiation pattern, 
particularly in the areas of the near-in sidelobes. This applies to both the co-polar and cross-polar patterns. 
(The Earth’s disc as seen from the geostationary orbit subtends approxim ately 17.5 degrees, and it is in this 
region that the reduction of sidelobes is most advantageous.) Much effort has been directed toward this 
vital aspect o f effective spectrum usage.

3.1.2 R eflectors a n d  lenses

It is a standard practice to taper the illumination of parabolic reflectors to increase sidelobe 
suppression. Extension of this technique in conjunction with other techniques has shown [Thomas 
e t al., 1970] that with deliberate design, first sidelobe levels can be held to the —40 dB level relative to the 
main beam through application of aperture blockage compensation and active zone suppression techni­
ques.

Passive techniques are also used to control sidelobe levels in reflectors. A common technique uses a 
stepped zone in the reflector, usually at the centre or outer edge. The height o f the step produces the 
desired phase change and determines the width and position of the desired cancellation pattern.

In principle, any desired degree of lobe suppression can be obtained with these techniques. 
Practically, however, cumulative errors in am plitude, phase and position, limit the degree of lobe 
suppression to approxim ately —40 dB referred to the peak of the main beam. This degree of suppression, 
however, has not been dem onstrated in space qualified hardware. For this reason, a higher level has been 
adopted in the reference pattern.

An effective design technique for a horn-reflector antenna of arbitrary beam cross-section has been 
recently presented [Katagi and Takeichi, 1975]. The technique is simple in nature. The shape of the 
wave-front near the aperture is first determined, for a desired beam shape, and the reflector shape is then 
based on optical path considerations. Such antennas may be useful in the design of broadcasting satellites.
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Several studies have been performed concerning the applicability o f satellite-borne multi-element 
arrays to the solution of broadcast and communication coverage requirements.

Active arrays appear to offer a capability of providing greatly reduced interference effects and 
increased spectrum re-usability because of the greater flexibility and efficiency with which they can be 
made to operate.

Phased arrays allow virtually unlimited control over the am plitude and phase o f aperture 
illumination, and a single aperture can be used to provide any desired num ber of parallel beams (assuming 
a separate phasing matrix for each beam to be generated). Arbitrarily shaped portions o f the aperture can 
be selected to provide arbitrarily shaped beam cross sections such that a geographical boundary may be 
closely approxim ated. Arrays appear to be capable of providing first sidelobe isolation to the - 4 0  dB 
level from the main beam [Hult e t al., 1968].

Other approaches to the shaped beam antenna involve the use o f multiple-feed reflectors and 
lenses. In these devices, each feed element o f a multiple-element feed array separately illuminates the 
reflector or lens to generate a com ponent beam in the far field. By properly adjusting the main aperture 
distribution phase and am plitude from each feed and summing the feed inputs in hybrids, the secondary 
pattern can be shaped to provide arbitrary area coverage. Several engineering models o f these antennas 
have been built, and satellite antennas now in orbit (Intelsat IV-A) and planned (DSCS-III) make use o f 
such techniques. There are a number of sophisticated com puter program s available for calculating phase 
and amplitude distribution for the feed element array. Additional inform ation on developm ent o f these 
techniques in the USA is given in Report 676.

An antenna with specially-shaped beams developed in Japan  for the Broadcasting Satellite for 
Experimental Purposes (BSE) consists of an elliptical reflector and three prim ary feed horns to conform  to 
the shape of the service area in which the mainland and the remote islands o f Japan  are included 
[CCIR, 1974-78d]. The frequency of the down link is 12 GHz. The measured patterns were in good 
agreement with the theoretical calculations. Such an antenna would facilitate the suppression o f undesir­
able spillover to neighbouring countries, while m aintaining an effective coverage in the intended area.

A nother study indicates that an improvement in sidelobe suppression can be obtained by the use of 
offset feed horns for this type o f antenna [CCIR, 1974-78e]. A circularly polarized shaped beam antenna 
which is similar to the above configuration has also been developed. M easured results show that 
cross-polar discrimination of better than 33 dB (referenced to the boresight co-polar gain) could be 
maintained in most directions.

However, it was found that a requirement of 40 dB discrim ination around the boresight is difficult 
considering current technology for medium scale broadcasting satellites [CCIR, 1978-82b]. Further study of 
this matter is desirable.

It is possible to use beam-shaping techniques with multiple feeds to achieve a main lobe pattern
which is different from the conventional Gaussian shape. Specifically, it is possible to m aintain a more
uniform am plitude level over the intended service area. Such equalization of the radiation pattern may 
have distinct advantages under some circumstances. The principal advantage is that less spacecraft prime 
power is needed to provide the minimum e.i.r.p. required at the edge of the service area. This means that a 
smaller transm itter and smaller solar cell panels could be used, with consequent economic savings. For 
some applications, these savings could be significant.

A disadvantage of this technique is that the more uniform pattern may slightly exceed the present
Gaussian envelope within the desired service area, but not outside the intended — 3 dB contour. In this
event, an adm inistration which desired to use such beam-shaping techniques would have to co-ordinate 
with its neighbour in advance. Further study of this technique is desirable.

3.1.3 Beam shaping
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Analytical and measured results at 12 GHz [Chen and Franklin, 1980] were obtained for a shaped 
beam coverage of the US Eastern Time Zone (ETZ) using linear polarization. The 25-horn feed reflects the 
use of additional horns at the zone periphery for sidelobe cancellation. Comparisons of calculated and 
measured results for transmit frequencies at 11.7 and 11.95 GHz showed excellent agreement.

The antenna implementations covering the 11.7 to 14.5 GHz band provided quite uniform 
performance. For the 12.2/18.1 GHz receive/transmit band, use of the same antenna would result in some 
performance compromise. Although the reflector could be compensated by making the outer 1/3 portion 
dichroic (i.e., transparent) to the frequencies near 18 GHz, the bandwidth limitation of the feeds and 
polarizer would result in degraded performance.

Broadcast systems generally are not amenable to relocation of satellites to new orbital locations 
because of the change of coverage area in size and shape. If the longitude shift is small, say less than 5°, 
and specified during antenna development, then the coverage can be designed for the composite pattern 
(which is larger than either one) at a small loss in gain of 0.3 to 0.5 dB. The spacecraft can easily be 
repointed in the east-west direction to provide additional flexibility.

If the change in orbital longitude is large, say a shift from 100° W to 115° W, it may be 
impractical to design using the composite pattern because of the loss in gain. The difference in gain for an 
antenna designed for 115° and used at 100° could be as large as 3 dB for selected areas. This effect will 
generally be less severe for a broader coverage shaped-beam antenna, i.e., where coverage is provided at 
the — 2 dB contour rather than at the —3 to — 4dB  contour or with a shaped beam not as closely 
matched to the coverage contour.

If two discrete longitudes are specified, a design could be synthesized using some combination of 
variable power dividers or switchable horns to reconfigure the antenna feed in orbit. This is generally 
undesirable from the standpoint of complexity and reliability.

3.1.4 Multiple beams

The use of multiple beams to provide multiple independent coverages within a desired service area 
has been shown to increase the total spectrum capacity through frequency re-use.

Multiples beams can be produced from a single aperture by employing reflector, lens or array 
technologies.

Multiple off-set horn feeds operating in conjunction with a reflector or a lens provide a viable 
solution to the broadcasting-satellite service’s performance requirements, for spacecraft as well as earth 
station antennas. Allowing a separate beam to be devoted to each group of users permits the desirable 
re-use of frequency bands. A proposed multi-beam microwave antenna [Ohm, 1974] using an off-set 
multiple horn feed system and Cassegrain reflector has been shown to essentially eliminate aperture 
blockage, reduce coma aberrations and provide good isolation between beams (40-45 dB).

Much effort has been devoted to studies of the zoned lens for producing multiple independent 
beams. Analytical techniques and some experimental results of a wave guide lens antenna have been 
presented [Dion and Ricardi, 1971] indicating the capability of providing a variable coverage radiation 
pattern. This variable coverage is obtained through selective excitation of derived feeds to produce the 
proper aperture illumination and phase distribution.

Phased arrays offer good potential for future satellite antennas in the higher frequency ranges. 
Multiple independent beams can be produced through selective element excitations.

Phased array antennas of the lens type have been developed for ECM and telemetry applications, 
and designs producing several independently steerable beams over octave bandwidths have been demons­
trated. Selective summing of groups of beams produces even narrower beams which are independently 
“steerable”.
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Most communication satellite systems in operation today employ spacecraft antennas which 
provide footprints which straddle the service area, and the generation of their footprints is orbit-location 
dependent. In the future a need will arise to change the footprint shape or size while the satellite is in orbit 
and at a fixed location. Another more complicated footprint change would be required if the satellite is to 
be relocated (while in orbit) to another location, or a spare built whose location in orbit may not be 
known since it would replace one of several satellites already there. Both of these situations would require 
an in-orbit antenna reconfiguration in order to match the footprint to the service area.

In the discussion which follows, it is assumed that a shaped beam(s) will be used and the antenna 
aperture is driven by a cluster of feed horns.

The first form of reconfigurable antenna would be to service several areas from a single orbital 
position. For example, the sketch in Fig. 3a shows three possible service areas which can be served from a 
single orbital position. That is, the antenna power can go to footprint A or footprint B or the composite 
footprint C. The power division between area A and area B is generally not equal, with the larger area 
receiving more power to equalize the pfd. Another scenario would be that one area receives more power to 
reduce the earth station requirements in that area.

Implementation of these ground illumination patterns can be made by the beam forming networks 
and feed clusters shown in Fig. 3b. The ground-controlled variable power divider (VPD) partitions the 
power to the two sub-arrays which individually produce footprints A and B. Suitable power division 
between the two sub-arrays produces footprint C. There may be additional circuitry in the labyrinth such 
as phasing devices to ensure uniform phasing across the aperture. A schematic diagram of a VPD is shown 
in Fig. 3c. The phase shifters have a maximum phase shift of jt/2 radians and are incrementally stepped to 
this value with a resolution of 4 bits. This corresponds to rc/32 radians. The output power at each port will 
be the same when the phaser states are identical. The output of either port will be zero when the phase 
difference is 90°. Therefore, all divisions are possible within the increments set by the number of bits.

Another form of reconfigurable antenna, which presents more practical problems than the structure 
above, is for use in the case in which reconfiguration is required when a satellite is relocated from its 
present longitude, or a spare is required which can assume several possible orbital positions. The final 
orbital position is not known a priori, since which satellite will fail first is unknown.

For antennas which are designed to follow the contour of the service area and produce little 
radiation outside this area, the migration of the satellite will no longer produce an optimum shaped 
footprint for that area. This is because the satellite “sees” the service area from a different perspective. 
Especially for shaped beams, the service area coverage at the beam periphery is satellite location sensitive. 
It would therefore be necessary to reconfigure the antenna feed arrangement to return it to the optimum 
illumination of the service area. It is clear that dividing up the power amongst the feeds is not adequate 
since the original footprints would prevail, as indicated in the previously-described antenna reconfigura­
tion. It is therefore necessary to have a multiplicity of feeds in the feed cluster which can be driven by 
varying amounts of power. Some feeds, depending on the satellite location and area to be contoured, may 
receive more power or less power or none at all.

A reconfigurable antenna system is being investigated in the United States which can be 
programmed to provide optimum footprints to the 50 states for a satellite location in the range of 66° W 
to 129° W longitude. Typical footprints which can be generated for three different locations are depicted in 
Fig. 4.

It is noticed that the reconfigurable antenna network will generally be more complicated and may 
contribute more weight than a simpler beam shaping network. Another factor to consider is that the added 
circuitry will introduce more losses in parts of the transponder where losses are critical. In addition, one 
would expect an additional cost to the spacecraft, but this is less important than the weight and 
performance factors.

3.1.5 In-orbit satellite antenna reconfiguration [CCIR, 1982-86a]
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a) Assumed service areas

Ground controlled 
commands

b) Beam-forming network

Ei

Co-phasal
divider

Digital 
phase shifters

Quadrature 
hybrid coupler

c) Variable power divider (VPD)

FIGURE 3 -  Reconfigurable antenna to  service several service areas from  a single orbital position
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b) 119° W (CONUS/Alaska/Hawaii)

c) 139° W (Alaska only)

FIGURE 4 -  Typical foo tprin ts fo r different orbital positions 

CONUS: contiguous United States



356 Rep. 810-3

.3 .2 Antennas for earth receiving equipment

This section gives the resuits of some measurements on antennas of a type suitable for individual or 
community reception. In addition, the results of some sidelobe-suppression experiments are presented to justify the 
recommended -  25 dB level for community-reception in the reference pattern.

3.2.1 Antenna sizes and types
In the 12 GHz band, a common form of antenna for individual reception is 

one with a conventional or .offset parabolic reflector 0.3 to 1 m in diameter. 
Larger diameters may, however, be used for community reception. Two feed 
arrangements are possible; either an antenna with direct illumination, or a dual 
reflector assembly. The choice of diameter and of feed device may depend on 
economic considerations since for a given figure of merit (G/T), a lower antenna 
gain would necessitate a lower noise temperature for the receiving equipment.
The antenna may be either of aluminum or a composite moulding, e.g., of plastics 
with a conductive coating or an embedded wire mesh. An effective surface 
accuracy of about 1 mm r.m.s. under all weather conditions is adequate, and the 
mounting must be sufficiently rigid to maintain correct pointing, e.g. better 
than 0.5° or 0.6° for the antenna dimensions envisaged (0.3 to 1 m).

"Flat-plate* antennas are also now of interest. They may have broadside 
or steerable beams. The advantage of such antennas is that they may be easier to 
support and maintain correctly pointed in high winds, and less susceptible to
loss of gain from snow deposits on the antenna face. This would be particularly
true of an antenna with a steered beam to provide the required elevation angle 
while the antenna is mounted in a vertical plane. A further refinement, whereby 
a phased-array antenna has a beam which may be steered away from broadside,
permits the antenna to be mounted flat against the most suitable wall or roof of
a building having arbitrary orientation. This arrangement would be less 
obtrusive and simple to install.

Broadside*beam flat-plate antennas have reached the stage whereby they 
are likely to be an economic alternative to dish antennas, and, in the smaller 
sizes at least, can offer an antenna efficiency comparable to that of a dish of 
similar size. At present the efficiency of larger arrays and steerable arrays 
tends to be lower than that of comparable dishes. In the future the lcw-noise amplifier 
may be incorporated into the antenna, with the first amplifier stages 
distributed through the feed structure to improve the loss performance.

The broadeide-beam flat-plate antenna can offer gain and side lobe 
performance equivalent to that of a parabola of comparable size. For many home 
installations, it also provides advantages over a parabolic antenna in terms of 
unobtrusive appearance, light weight and ease of installation.

Recent development work in the United States, the United Kingdom and 
Japan has led to BSS receiving antenna designs using planar phased arrays 
[Sorbello et al.. 1988; Wells, 1989; Sorbello and Zaghloul, 1989; Griffiths 
et al.. 1989; Madcbcks, 1988]. The characteristics of these "flat antennas", 
including measured data on their co-polar and cross-polar patterns are described 
in § 3.2.3.

Along with various types of offset parabolic antennas, some flat-plate 
antennas have appeared in the market in Japan. The flat antenna offers 
advantages in shape and in convenience of installation to the wall of the 
houses, preventing snow accumulation, although there are many items to be 
studied,, such as efficiency.
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Data extracted from measured antenna patterns for the co-polar component of 
parabolic antennas are shown in Fig. 5a. All the antennas were linearly 
polarized. The list of antennas from which the data was taken is given in Table 
II. The data is presented in groups. Each group is represented by a vertical bar 
spanning the range of gain variation of the sample of data points in that group. 
Such partitioning into groups is done with due caution to ensure that sufficient 
data is encompassed by each group. The upper circle on each vertical bar 
represents that point above which 20% of the data lies. The lower circle is the 
corresponding lower 20% point. The median is shown as an open circle. In 
addition to the measured data, Fig. 5a also includes a plot of the reference 
antenna pattern given in § 2.

Similar data extracted from a group of 3.3 m antennas at 12 GHz are shown in Fig. 5b. The 
antennas were linearly polarized. Median values fall well below curve A of Fig. 2 at all angles measured, 
and peak values fall below the reference pattern out to six or eight times the half-power beamwidth. These 
data were generated with no efforts made toward sidelobe suppression.

For antennas in the size and cost range considered suitable for broadcasting-satellite applications, 
it is unlikely that gains below isotropic will be consistently achieved in the far sidelobes and backlobes.

Measurement of radiation patterns of linearly polarized receiving antennas with a diameter of 
40 cm to 1.6 m were carried out in Japan [CCIR, 1974-78f]. Figure 6 shows some measured data for a 
parabolic antenna with a diameter of 60 cm.

These results, and the test results obtained by the measurements of the patterns of antennas with
1.0 and 1.6 m diameters, which were manufactured with the objectives of high efficiency, light weight and 
low cost, show that the patterns for the co-polar components fall within the reference pattern for 
individual reception.

Measurements of the cross-polarized component were made on various kinds of 
parabolic antennas for d / X between 40 and 100. The results are shown in Fig. 7. 
The data are presented in the same way as in Figs. 5a and 5b.

3.2.2 Measured data for parabolic antennas

Measurements were performed in C anada on a centre-fed parabolic antenna. The antenna 
had a diam eter of 1.2 m and was linearly polarized. The sidelobe patterns were measured in 1982 for the 
frequency band 11.7-12.2 GHz. The m id-band efficiency was found to be 72% and a scatter plot o f the 
sidelobe peaks is shown in Fig. 8. The antenna sidelobe patterns were taken at 3 frequencies (edge and 
centre of the frequency band) and for two azimuthal profiles (E-plane and H-plane). The reference pattern 
adopted for Region 2 at the RARC SAT-83 is also shown for purposes o f comparison [CCIR, 1982-86b).

Analysis o f limited data on the cross-polarized response o f sm all-aperture antennas, where nc 
special attention was paid to sideiobe levels, indicates that a minimum discrim ination level of 20 dB if 
attainable, and the maximum level is 32 dB both on-axis and elsewhere. In the case where sidelobe 
suppression techniques are employed, .ne minimum level o f discrim ination can be reduced to 25 dB.

3.2.3 Characteristics and measured data for flat-plate antennas
The basic, single-polarized flat-plate antenna is constructed from three 

layers, as shown schematically in Figure 9. There are two etched layers, one 
containing the receiving elements and the other the power divider or combining
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Relative angle (<p/tp0)

FIGURE 5 a — M easured co-polar peak sidelobe levels and  
reference antenna pattern

  upper limit

 ---------------- upper 20% point

 __________  median point

,   lower 20% point

-------------------  lower limit

Curve A: reference pattern for individual reception
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Relative angle (<p/<p0)

FIGURE 5 b — M easured co-polar peak sidelobe levels an d  reference earth station  antenna
pattern  a t 12 GHz

Curves A: reference pattern for individual reception 
B: Regions 1 and 3 
C: Region 2

—  upper limit
—  upper 20% point
—  median point
—  lower 20% point
—  lower limit

Relative angle (<p/<p0)

FIGURE 6 — An exam ple o f  co-polar pattern o f  a terrestrial 
parabolic antenna (12 GHz)

Curves A: reference pattern for individual reception
M: measured results for a 60 cm parabolic antenna
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FIGURE 7 — Measured data for cross-polar response

reference pattern
y —------- upper limit

   upper 20% point
q ---------  median point

  lower 20% point
..   lower limit

FIGURE 8 -  Co-polar sidelobe levels measured on a 1.2 m centre-fed antenna a t 12 GHz (y 0 = 1.46°)

Curve A: co-polar component of the antenna reference pattern 
adopted at the RARC SAT-83 for Region 2
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network. These layers are separated by plastic foam spacers, and a foam spacer 
also separates the power divider network layer from the ground plane.

Two aspects of this construction lend themselves to the low 
manufacturing costs that are essential for a consumer electronics 
product. One is the etched layers, which are easily mass produced.
The other is the capacitive coupling between the receiving elements 
and the power divider, which avoids the requirement of physical 
connections. ■

The physical and principal electrical characteristics of a 
family of commercially available models of the flat-plate antenna are 
given in Table n .  It will be noted that the gain and efficiency 
of these antennas are comparable to those of parabolic antennas of the
same cross-section. Sidelobe performance is also comparable to that of parabolic 
antennas as discussed below.

FIGURE 9
Schematic representation of the construction of a flat 
antenna array for reception of satellite broadcasts

M easu red  d a ta  on t h e  co-poiar and c r o s s - p o l a r  p a t t e r n s  o f  
p r o d u c t io n  m o d e ls  o f  t h e  2 5 6 - e le m e n t ,  41 cm s q u a r e  a r r a y  a r e  shown  
an d  com p ared  w i t h  t h e  r e f e r e n c e  p a t t e r n s  o f  R ec . 652 i n  F ig u r e  10. 
The 2 5 6 - e le m e n t  a n te n n a  i s  c h o s e n  f o r  i l l u s t r a t i o n  b e c a u s e ,  a s  t h e  
s m a l l e s t  o f  t h e  f a m i ly  o f  fiat-piate array**, i t  i s  t h e  o n e  m o st v u ln e r ­
a b l e  t o  i n t e r f e r e n c e  from  a d j a c e n t  s a t e l l i t e s .

The p a t t e r n s  i n  F ig u r e  10 a r e  m ea su red  i n  a p la n e  t h a t  c o n t a in s  
t h e  beam a x i s  and i s  45* t o  t h e  p r i n c i p a l  p la n e s  o f  t h e  a r r a y .  
T h ey a r e  r e p r e s e n t a t i v e  o f  t h e  p a t t e r n s  m easu red  i n  a l l  p la n e s  
c o n t a in i n g  t h e  beam a x i s  t h a t  a r e  m ore th a n  15* away from  t h e  
p r i n c i p a l  p l a n e s .  T h e se  a r e  t h e  p a t t e r n s  o f  m ost i n t e r e s t  from  an  
i n t e r f e r e n c e  s t a n d p o in t  b e c a u s e ,  w i t h  c i r c u l a r  p o l a r i z a t i o n  a s  
p r e s c r i b e d  i n  t h e  P la n s  f o r  t h e  BSS a t  12 GHz, t h e  a n te n n a  ca n  
a lw a y s  be m ounted  s o  t h a t  a l l  s i g n i f i c a n t  s o u r c e s  o f  s a t e l l i t e  
i n t e r f e r e n c e  l i e  a t  l e a s t  15* from  t h e  p r i n c i p a l  p l a n e s .  In d e e d ,  
t h i s  w i l l  n o r m a lly  b e  t h e  c a s e  i f  t h e  a n te n n a  i s  m ounted  w ith  i t s  
e d g e s  h o r i z o n t a l  and v e r t i c a l ,  b e c a u s e  t h e  o r b i t a l  p o s i t i o n  
a s s ig n e d  t o  e a c h  c o u n t r y  i n  t h e  BSS P la n s  l i e s  from  15 t o  40* v e s t  
o f  t h e  L o n g itu d e  o f  t h e  s e r v i c e  a r e a  f o r  t h a t  c o u n t r y .
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TABLE II - Characteristics of a family of flat-plate antennas

Characteristic 255
Number of radiatinc elements 

384 255 1024

Frecuency range (GHz) 11.7-12.2 11.7-12.0 11.7-12.5 11.2-11.45
Dimensions of panel (cm)** 41 x 41 42 x 60 41 x 41 73 x 73
Thickness (cm) 2 2.5 2 2.5
Weicnt (kg) 2.3 5 2.3 c

Gain (dBi) ■ 32.5 34.5 31 37
Efficiency (%) > 65 > 60 > 55 > 50
Polarization* R or L R or L R or L V & H
On-axis cross-pol discrim (dB) - 2 0 -2 0 -2 5 -2 5
Beam squint angle (°) 0 0 or 12 0 0
Half power beam widths (°) 4 x 4 4 x 2 .7 4 x 4 2 x 2
Noise figure o f  LNB (dS) 1.5 1.5 1.6 1.5
G/T ant (dB(K)- 1 ) 9.8 11.4 8.5 12.2

* R = r i g h t - h a n d  c i r c u l a r ; L «  l e f t -h a n d  c i r c u l a r ;  V = v e r t i c a l
linear; H =* horizontal linear.
** These are the overall dimensions of the panel including the supporting

frame; the dimensions of the active area of the array are about 4 cm 
less.

FIGURE 10
Measured side lobe patterns of 256-element flat antenna in 

a plane which contains the beam avis but is 45° 
to the principal planes of array
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Figure 10 also displays the co-polar and cross-polar reference patterns 
for individual reception earth station antennas in Regions 1 and 3 as given in 

Recommendation 652 and section 3.7.2 of Appendix 30 (ORB-85) of the Radio 
Regulations.

These reference patterns assume a half-power beamwidth <p0 - 2°, the 
half power beamwidth assumed for interference calculations in constructing the 
Regions 1 and 3 Plan at WARC-77.

It is seen that, even though the 256-element flat-plate antenna has a half­
power beamwidth of 4°, its cross-polar side lobe pattern conforms to the <pQ - 2° 
reference at all off-axis angles greater than 0.5° (except at 27° where it 
exceeds the reference by 1.6 dB), and the co-polar pattern conforms out to an 
off-axis angle of 18°. Even beyond this angle, where adjacent satellite power 
flux-densities are expected to be low, the flat-plate antenna exceeds the reference by 
only about 3 dB.

3 . 2 . 4  Sidelobe suppression techniques for  p arab o lic  antennas

There are numerous ways to reduce sidelobes, ranging from extremely simple to extremely 
complicated [Han, 1972].

A reduction can be achieved by increasing the taper of the feed pattern across the aperture of the 
reflector [Han, 1972; Silver, 1949]. The penalty paid is a loss of on-axis gain, but overall efficiencies of 
50% are still achievable. With simple under-illumination, the sidelobe levels are reduced in all planes of 
rotation about the boresight.

Recent analyses in Italy have demonstrated the effect of using 
corrugated surfaces on the performance of parabolic antennas. With such 
surfaces, it is possible to obtain radiation patterns equal in the two main
planes, high cross-polar isolation, reduced side lobes, low spillover, and
correspondingly lower antenna noise temperatures and higher aperture 
efficiencies (sometimes higher than 70X). -

The computed co-polar radiation pattern for a 60 cm parabolic antenna 
with a corrugated flange is shown in Figure 11. This pattern is seen to lie at 
least 3.5 dB below the corresponding WARC-77 reference for all relative angles 
v /V o greater than 1 [Pacini, 1985].

In theory, a circular aperture with uniform illumination results in sidelobes some 15 dB below the 
peak of the secondary pattern. With an aperture distribution proportional to (1 — y/2), where y is the 
radial function normalized to the aperture radius, the sidelobes drop to 24.5 dB below the pattern peak. 
Patterns at 6 GHz using a 1.22 m dish with an aperture edge illumination of —12 dB, show first sidelobes
26 dB below the mainlobe peak [Silver, 1949]. If the feed remains at the focus of the reflector and a
portion of the reflector is removed, thereby creating an offset-fed reflector, the sidelobes can be lowered an 
additional several dB because the aperture blockage is reduced. However, the aperture is also reduced so 
that the main beam is broadened and reduction in gain occurs. This can be compensated for by increasing 
the size of the reflector. Sidelobe data measured on several offset-fed reflectors is shown in Fig. 12.The 
curves represent the peak sidelobe envelope for each antenna. All of the data lies substantially below 
Curve A' of Fig. 2. The antennas had efficiencies ranging from 63% to 70% [CCIR, 1982-86c].
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Radiation pattern computed for a 60 cm diameter parabolic dish 

implemented with corrugated flange
Note - Curve A is the WARC-77 co-polar reference pattern for individual 
reception.
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Figure 12 -  Composite sidelobe envelopes fo r  offset-fed reflectors
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Another method of sidelobe reduction in one plane is through the use of a duopod feed support. 
The duopod is a two-armed rigid feed support oriented in one plane with guy-wire support in the 
orthogonal plane. In operation, the low sidelobe plane is aligned with the equatorial plane, thus reducing 
sidelobe levels in the direction of neighbouring satellites. This duopod construction provides low sidelobes 
in the plane of the supports because the blockage discontinuity in the aperture plane is smallest in this 
plane [EDUTEL, 1977]. Envelope A" of Fig. 2 can be met easily in the equatorial plane with a 
duopod-supported feed antenna.
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REPORT 4 7 3 -5 *

CHARACTERISTICS OF RECEIVING EQUIPMENT 
FOR THE BROADCASTING-SATELLITE SERVICE**

(Question 2/10 and 11, Study Programme 2H/10 and 11)
(1970-1974-1978-1982-1986-1990)

1. Introduction

The characteristics to be adopted for receiving equipment for broadcasting-satellite systems offer a 
wide range of choice. These characteristics influence the size, mass and complexity of the satellite required to 
provide a given quality of service because of the compromise that must be made between receiver sensitivity and 
the power radiated by the satellite. They themselves are affected by the broadcasting standards selected. In 
particular, the characteristics of the receiving equipment will depend on whether it is required to receive 
only television signals (with only one or with more than one, accompanying sound signal), or only sound signals, 
or both. The present Report gives information about the most important of these characteristics on the basis of the 
results presented in the documents listed in the references of this Report. Many of the contributions received relate 
to equipment operating in the 12 GHz frequency band.

It appears that signals broadcast from satellites could be received, not only by equipments of new design, 
but in some cases by existing receivers fitted with adaptive devices.

As satellite broadcasting is capable of delivering a high quality TV signal to the general public, 
comparable to that of the studio, it seems practicable to set a higher quality target for receivers.

A distinction should be made between installations intended for community reception and for individual 
reception.

2. Overall characteristics of receiving equipment [CCIR, 1 9 8 2 -8 6 a , b and c ]

A typical receiving system for individual reception is comprised of an antenna, a low-noise receiver front 
end, an indoor unit containing intermediate frequency stages, programme selector, demodulation or adaptor 
stages, and a television monitor or television receiver.

As an example, major target performance objectives of a composite video system for a satellite
broadcasting chain and receiving equipment are shown in T a b le  IV o f  R ep o r t 2 1 5 .

It would seem desirable to specify the overall characteristics of receiving equipment by the figure of merit 
G/ T,  which is the ratio expressed in dB(K-1), between the gain of the receiving antenna (including losses) and the 
total noise temperature expressed in Kelvin, referred to the point of measurement of the antenna gain. The 
advantage of introducing the figure of merit parameter is that it is no longer necessary to specify separately the 
performance of the various parts of the installation, such as the noise figure, coupling loss, antenna gain, etc. The 
latter parameters may then be chosen by the receiver manufacturers so as to obtain the required overall 
performance at lowest cost.

Two different types of figure of merit ( G / T )  are considered:

-  the “nominal G / T "  is considered as a parameter characterizing the intrinsic quality of the equipment. It can 
be directly obtained by measuring the on-axis gain of the antenna, the “clear-sky” antenna temperature at a 
given elevation angle, the total receiver noise temperature and the coupling loss. No operational margins are 
included. This figure of merit, widely used in fixed-satellite service earth stations, is defined in Report 390. It 
corresponds to the highest value of the G / T  ratio and allows a qualitative comparison between different 
receivers;

* Section 11 of this Report (Susceptibility to certain types o f  interference) should be brought to the attention of Study 
Group 8.

*• It is noted that work of IEC-TC12, especially SC 12A, D and G is related to receiver characteristics for satellite 
broadcasting. -
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-  the “usable G / T ” is considered as the parameter directly characterizing the in-service performance of the 
receiving system. It therefore takes into account operational factors such as the effects of pointing errors, 

' ageing and the increase in sky noise temperature for a given percentage of the time. This figure may thus be 
used directly in a link budget. Care should be taken to specify the conditions assumed for the evaluation.

A detailed definition of the figure of merit ( G / T )  and an example of how to calculate it are given in 
Annex I to this Report.

Receiving equipment suitable for Japan’s satellite broadcasting system is commercially produced by many 
manufacturers. Most receivers are constructed as stated above. Antennas used are of the offset-feed type with 
diameters of less than 1 m. The outdoor unit is directly connected to the primary radiator of the antenna without 
exception. The indoor units are mostly of an adaptor type. Some units are incorporated in the main TV receiver.

Annex II indicates preferred characteristics of satellite broadcasting 
receivers now being produced in Japan and their present average performance .

Annex III shows examples of characteristics for receiving equipment in 
Italy and also gives the signal quality obtained in a satellite bandwidth of 27 
MHz.

A range of equipment has come onto the market following the launching 
of TDF-1 in France. The antennas used are either parabolic with diameters of 30 
to 55 cm, or slightly larger flat antennas. The D2-MAC/packet decoding equipment 
for indoor use is either housed in a separate unit or incorporated in the 
television set itself.

Annex IV gives examples of the characteristics of receiving systems used 
for reception pf TDF-1.
3. Antenna systems [CCIR, 1982-86a;]

In the 12 GHz band, a common form of antenna for individual reception 
is one with a conventional or offset parabolic reflector, 0.3 to 1 m in 
diameter. Large diameters may, however, be used for community reception. Small, 
flat-plate antennas are also now of interest and becoming available for direct 
reception. Antenna technology is discussed in Report 810.

Any antenna is subject to mispointing caused by ageing and wind pressure as well as the unavoidable 
pointing error referred to above. The relationship between the antenna diameter and the “usable” figure of merit 
was studied by taking into account the loss in gain introduced by the antenna pointing error and is indicated in 
Fig. 1. From this figure, it is apparent that the use of antennas larger than 1 m in diameter may have significant 
disadvantages if the total pointing error due to the ageing, wind pressure, and other factors which produce a 
deflection of about ±  1°, is taken into account. The larger the antenna diameter, the greater its mispointing under 
wind pressure. In addition, a large antenna requires additional space for installation.

Receiving systems using a relatively small diameter antenna are now capable of offering the figure of merit 
and directivity established in the 12 GHz Plans. This capability has been achieved because:

— the noise figure of the low-noise front end has been improved far below
(e.g. 1.8 dB is a typical value, currently available) the level previously

. expected at the WARC-BS-77;
— the antenna efficiency has been enhanced from 55% to 70%; and

— the side-lobe level has been markedly reduced through the use of the ofTset-feed type antenna.

For example, in the case of the BS-2 in Japan with maximum 
satellite e.i.r.p. of about 58 dBW, 45 to 60 cm diameter antennas are generally 
used for home receiving equipment.

In the case of a linearly polarized system it will also be necessary to ensure correct rotational orientation, 
better than 2°, for example, in order to provide adequate protection against orthogonally polarized signals. From 
the point of view of aligning the antenna, it will be advantageous to use circular polarization. In this case, the 
antenna feed may be a little more complex to manufacture than if linear polarization were used.
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FIGURE 1 -  "Usable” figure o f  m erit (G/T) considering various causes o f  pointing error 

_______ a@Gr______
a T a + (1 - a ) T 0 + (n -  1) 7 0 (These parameters are defined in Annex I)

where for curves A: a = 0.9
J3 = losses due to overall pointing error A0 (see Note 1)
Ta = 150 K
T0 = 290 K
n = 2.51 (noise figure = 4 dB)
/  = 12 GHz
V = 0.6 (see Note 2)

and for curve B: = 1
1(A0 =0)
1.78 (noise figure = 2.5 dB) 
0.7

N o te  1. -  Overall pointing error includes positioning error of the satellite (±0.16°), setting 
error of the antenna (approximately 10 to 20% of the half-power beamwidth of the antenna) 
and additional pointing error due to wind pressure and ageing etc.

N ote  2. -  The effect of antenna efficiency on G /T  for a given antenna diameter is given by 
10 log (17/O.5 5 ) (dB), i.e.f increasing the antenna efficiency from 0.55 as given inTable iv o f  
Annex 1 to 0.70 will increase the GIT  by 0.4 dB.



370 Rep. 473-5

Receiving antenna diagrams for various frequency ranges are given in Report 810 indicating the upper
limit of the relative gain as a function of the angle, to be assumed for planning purposes.

The choice of the feed arrangement may also be influenced by the associated feeder losses. In the 12 GHz 
band, to minimize the feeder loss, it is likely that the input stages will be located at or near the focus of the 
antenna. Thus a dual reflector or offset antenna could be preferred because of high aperture efficiency (65 to 70%) 
and low feeder losses. On the other hand, with developments in microwave electronics, similar efficiencies are now 
possible with a normal focal feed. Successful designs in respect of cost and reliability were used in Canadian
experiments at 12 GHz with linear polarization (H e rm es a n d  A n ik -B  e x p e r i m e n t s )  , a
field-effect transistor (FET) amplifier and frequency changer unit are mounted at the focal point with a 
high-efficiency feed. Units with 1.2 m and 1.8 m diameter reflectors gave worst-case values of G / T  of 11 dB(K_l) 
and 15 dB(K_l) respectively, including losses and an ageing allowance of 1 dB [CCIR, 1978-82a]. With the same 
technology the corresponding G / T  for a 0.9 m reflector would be 9 dB(K~'). These values are significantly greater 
than the 6 dB(K-1) value used for planning at the WARC-BS-77. This Conference adopted the use of circular 
polarization for broadcasting satellites at 12 GHz. A short microwave feeder may be desirable to establish the 
polarization and/or give useful first-converter image attenuation; this would contribute a small additional 
coupling loss.

4. Input stages

These stages are an im portant part o f the receiver. They should consist of a frequency down-converter 
which may or may not be preceded by low noise radio-frequency amplifier stages a n d  a  l o c a l  o s c i l l a t o r .

If low noise pre-amplifiers are required, the field effect transistor 
(FET) is now widely used. For higher frequency bands such as 23 GHz, the low 
noise high electron mobility transistor (HEMT) has been developed, and because 
the cost has been greatly reduced, they are being introduced.

Hybrid MIC (microwave Integrated circuit) amplifiers are generally used 
for low noise amplifiers to achieve lower noise figures and stable performance.
In addition to this technique, monolithic GaAs FET amplifiers have been developed which will reduce the cost in the case of mass production.

Various data have been reported at present concerning noise performance 
for low noise elements, amplifiers and receivers for satellite broadcasting as
shown in Annex V . As a summary, Table I shows the noise figure of receivers for 
frequency bands assigned to the BSS.

TABLE I
Summary of typical noise figures reported 

for present-dav receivers (1989)

Frequency band (GHz) 0.7 2.6 12 23

Typical noise figure (dB) 1.5 1.5 1‘* 5.0

It is noted that the configuration used to obtain the value of the 
noise figure.should be clearly identified because the noise figure may be 
expressed for various configurations, e.g.: single element, amplifier or 
receiver. It is also noted that for consumer equipment used in the home, after 
ageing, characteristics such as the noise figure may be different from those 
available in laboratories.



Rep. 473-5 371

A measurement of the distribution of the characteristics of direct converter 12 GHz receivers, which were
selected among about 100 receivers developed for the BSE experiment,was c a r r i e d  out in  Japan in  1980. As for
distribution of the noise figure, results show that the initial value was 4.1 dB on average with a standard deviation '
of 0.25 dB. The degradation during two years was 0.15 dB [CCIR, 1 9 7 8 -8 2 b ] .

For the f i r s t  lo c a l  o s c i l la t o r ,  a s o l id  s ta te  d ir e c t  lo c a l  o s c i l l a t o r  
sou rce , such as a Gunn d e v ic e , or a f i e l d - e f f e c t  t r a n s is to r  (FET), may be u sed .
To s t a b i l i z e  o s c i l l a t o r  frequency, a phase locked  o s c i l l a t o r  (PLO) re feren ced  by a 
c r y s ta l  c o n tr o lle d  o s c i l la t o r  or d ie le c t r ic  reson ator o s c i l l a t o r  (DRO) w ith  
h igh  Q d ie l e c t r i c  reson ator Is  commonly used. However, even i f  some form o f
autom atic frequency co n tro l o f  th is  or any subsequent lo c a l  o s c i l l a t o r  can be
assumed, some care w i l l  s t i l l  be necessary  to  minimize freq u en cy  d r i f t  w ith
tem perature. The d esign  o f  the a . f . c .  loop w i l l  depend on w hether d .c .  or
a .c .  co u p lin g  l s  used in  the frequency-m odulation tr a n sm itte r  m odulator.

There i s  a p r o sp e c t  o f  red u c in g  the number o f  com ponents in  th e  outdoor
u n it  and hence th e  c o s t  o f  th e r e c e iv e r ,  by a p p ly in g  such t e c h n o lo g ie s  as u se  o f
a c t iv e  m ix ers , a n d /or  s e l f - o s c i l l a t i n g  m ixers which e l im in a te s  a s e p a r a te  
o s c i l l a t o r .  In tr o d u c t io n  o f  p lan ar  g eo m etr ies  to  th e  in te g r a te d  typ e o f  antenna  
and low n o is e  in p u t s ta g e s  u s in g  m ic r o s tr ip  l i n e s  w ith  c o -p la n a r  and s l o t  
s t r u c tu r e s  would f a c i l i t a t e  the m an u factu rin g  p r o c e ss  [CCIR, 1 9 8 6 -9 0 a ]  .

5. Intermediate-frequency stages [CCIR, 1974-78b, d, f and g]

For reception at 12 GHz the design will probably entail two frequency changes to ease problems of 
selectivity, image rejection and local oscillator radiation, but installations with only one frequency change cannot 
be ruled out. For the 700 MHz and 2600 MHz bands either arrangement may be attractive. When there is more 
than one frequency change, the first down-converter, equipped with a fixed frequency oscillator, should be placed 
close to, or on, the antenna. For 12 GHz reception, the choice of the value of the first intermediate frequency 
presents some difficulties, since these frequencies must be chosen so as to avoid interference by terrestrial 
broadcasting transmitters or by other services using radio transmissions of significant power.

Apart from this constraint the intermediate frequency should not be too high because, if a suitably low 
noise figure is to be maintained in the intermediate frequency amplifier, its cost increases significantly with 
frequency; likewise the down-lead coaxial cable tends to cost more for higher frequencies.

On the other hand, if the intermediate frequency is too low, it will be difficult to eliminate the image 
frequency. As, in the WARC-BS Plan for Regions 1 and 3, the frequency channels for most service areas form a 
group of four or five, lying within a bandwidth of up to 400 MHz, the tuning range of the receiver and 
consequently the range of the first intermediate frequency must cover at least 400 MHz and in some cases 
800 MHz. Under those conditions, the first intermediate frequency may be chosen within the band 900 to 
1700 MHz. However, as summarized in § 11.3, it may be helpful in some countries to use a higher intermediate 
frequency (e.g. 1500-2300 MHz) to avoid interference from radionavigation radars.

With a local-oscillator frequency lower than the signal frequency, the first image frequency might lie, in 
Region 1, within the band 9.1 to 10.3 GHz; an iris filter incorporated in the waveguide of the antenna connection 
would make it possible to obtain an attenuation of 80 dB of that image frequency, which may be necessary in 
some areas to give protection against maritime radar and other high-power navigational systems (see § 11.2).

Another factor in determining the first intermediate frequency is the selection of the first local oscillator 
frequency. In Japan, a first local oscillator frequency of 10.678 GHz is considered appropriate for the following 
reasons:

— emission of radio waves in the band 10.68 GHz to 10.7 GHz is prohibited, as a general rule (Article 8, 
Nos. 833 and 834 of the Radio Regulations, 198 8 ) ;

— the maximum leakage power of the first local oscillator is assumed to be —40 dBW as the worst case, when a 
conventional direct converter is used;

— in Japan, radio-relay systems operating above 10.7 GHz and outside broadcasting links operating in the band 
10.55 GHz to 10.675 GHz should be protected from possible interference by the leakage power of the first 
local oscillator.
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In France, the frequency 10.750 GHz is normally used as first local 
.oscillator; this corresponds to a first IF of between 950 and 1 750 MHz.

In the event that a radionavigation radar should cause interference to 
reception of a satellite channel, the frequency of the first local oscillator 
would be displaced by a multiple of 19.18 MHz.

A further discussion of unwanted radiation from receiving equipment is given in § 12.

Another item to be considered is the selection of the second intermediate frequency. The frequency must 
be chosen so as to avoid interference by terrestrial broadcasting and other transmitters. In this regard, use of 
frequencies near 130, 400 MHz and other possibilities are studied. The home receiver designed mainly for 
individual reception may possibly be applied to group reception; in this case a common front end is connected to 
more than one indoor unit. When the selected value of the second intermediate frequency is smaller than the value 
of the total frequency bandwidth at 12 GHz allocated for satellite broadcasting in a service area, local oscillator 
frequencies coincide with part of the first intermediate frequency band. Depending on the level of the received 
signal and leakage power, attention has to be given to mutual interference between indoor units caused by the 
local oscillator leakage. To make this interference as low as possible by arranging the second local oscillator 
frequencies between any two adjacent channels allocated to that area, the following relationship is desirable for 
the second intermediate frequency:

/  = 38.36 (n +  Vi) MHz (in Regions 1 and 3)

/  = 29.16 (n + Vi) MHz (in Region 2) 

where rt is an integer.

This relationship is valid when the selected frequency /  is smaller than the value of the total frequency 
bandwidth to that area. However, if 2 /  is smaller than the total bandwidth there is the possibility of image 
frequency interference, and a small adjustment of the value of / may be beneficial.

The second intermediate frequency, having a bandwidth of 27 MHz, might be chosen in the vicinity of 
70 to 400 MHz, which would again make it possible to avoid the broadcasting bands. For a receiver used in 
Regions 1 or 3, this could be achieved through use of a 27 MHz four-pole filter. The attenuation at the second 
image frequency should be at least 30 dB [CCIR, 1 9 7 8 -8 2 c ]  .

Recent designs of home terminal receivers have shown that it may be practical to use surface acoustic 
wave (SAW) filters for the second IF. These filters are practical in the frequency range between 35 and 600 MHz 
and have very desirable properties of linear phase and sharp filter roll-off. Examples of the achievable amplitude 
versus frequency response of SAW filters are shown in Figs. 2a, b and c.

On the other hand most of the 4 GHz satellite television receivers in the fixed-satellite service in use in the 
United States use a second intermediate frequency of 70 MHz. A considerable amount of operating experience has 
been accumulated, and in addition a number of circuit designs have been developed and field tested. This 
technology should be directly applicable to 12 GHz receivers and receivers operating in other bands 
[CCJR, 1978-82d].

An alternative approach is the use of a phase-locked loop to obtain the video signal. If this can operate 
directly at the first intermediate frequency it avoids the need for a second intermediate frequency 
[CCIR, 1978-82c]. It should be noted, however, that the loop bandwidth of some phase-locked-loop designs is 
comparatively wide and may result in the demodulation of adjacent channels. Therefore, use of some phase- 
locked-loop designs as described may be limited to areas where the received BSS channels are separated by a 
sufficient spacing and where signals from transmitters operating in other services, the fixed service for example, 
do not lie too near the desired BSS channels. A large percentage of 4 GHz satellite television receivers in use in 
the United States use a phase-locked-loop to demodulate the TV carrier at the second IF [CCIR, 1978-82d].
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FIGURE 2a -  A m plitude versus frequency response o f  SA W  filters Isecond IF)
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C entre frequency = 134.3 MHz 
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FIGU RE 2b -  A m p litu d e  versus frequency  response o f  SA W filte r

C entre  frequency = 140 MHz 
Bandw idth  = 23 MHz

FIGURE 2c -  A m p litu d e  versus frequency  response o f  SA W filte r
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6. Demodulation or adaptor stages

For television, use can be made of a frequency dem odulator which will deliver the video signal (and 
possibly frequency- or digitally-modulated sound signals on sub-carriers, if sub-carriers are used for sound 
com ponent transmission). In the long term it is expected that these stages, together with the programme selection 
stages referred to in § 5, would be incorporated into television receivers designed for reception of both 
frequency-modulation satellite and am plitude-m odulation terrestrial emissions. In the interim period, the video 
signal can directly feed a receiver at video frequency, or amplitude modulate a carrier, to produce a conventional 
signal which then feeds an ordinary type of domestic receiver. In the latter case, generation of a standard 
vestigial-sideband signal is ideally desirable, but in practice is not essential. Devices for direct FM-AM conversion 
without intermediate dem odulation are under study but the possible use of signal pre-emphasis an d /o r  energy 
dispersal may complicate their design.

Integrated circuit and discrete com ponent threshold extension demodulators comparable in complexity to 
conventional FM demodulators but using phase lock loops, FM feedback or tracking filters may be cost effective 
for some BSS applications. Dynamic thresholds occurring at carrier-to-noise ratios of approxim ately 8 dB are 
presently achievable with average programme level modulated colour signals.

In order to reduce the possibility of interference to other services, a measure of energy dispersal is often 
required for satellite broadcast signals. For individual reception in the 12 GHz band, the WARC-BS-77 adopted 
the use of energy dispersal to ensure that the energy in any 4 kHz band is at least 22 dB below the total assigned 
power. For television signals, such dispersal may be achieved by adding to the video signal, before application to 
the feeder link, a periodic sawtooth or symmetrical triangular waveform with a repetition frequency equal to a 
half, or a quarter, of the field frequency. A peak-to-peak carrier deviation of 600 kHz arising from the dispersal 
waveform is sufficient to meet the requirement. The dispersal waveform must be removed from the video ’’signal 
obtained from the dem odulator if it is not to cause visible effects on the displayed picture. Experience suggests 
that a simple low-cost d.c. restorer will be adequate for this purpose when using a dispersal waveform of the 
magnitude indicated.

In Region 2 an energy dispersal technique appears to be particularly suitable for 
community reception type receivers operating in the 12 GHz band. However, further study is required to
determine the impact of its use on the design complexity and cost of the dem odulator or adaptor stages.

As for the distribution of video signal impairments, measurements on receivers used for the BSE 
experiment showed that the differential gain and phase had average values of 2.1% and 1.8° with a standard 
deviation of 0.9% and 0.8° respectively. The measurements also indicated that degradations in differential gain and 
phase were 1% and 0.5° during two years [C C IR , 1 9 7 8 - 8 2 b ]  .

The dem odulation stages of home receivers intended for reception of a digitally-modulated sub-carrier 
system may consist of an FM dem odulator, a 4-PSK dem odulator and a PCM signal processor. .

The sound sub-carrier signals are fed to the PSK dem odulator through the bandpass filter. The PSK 
dem odulator, performing phase lock detection of the 4-PSK signal, regenerates PCM signals and the clock
frequency synchronized to them. The PCM signal processor performs de-interleave, error correction and other
PCM signal processing, if necessary, and then converts digital signal into analogue signal through the D /A  
converter. And if necessary, all PCM bit-stream signals with error correction may be provided for the use of 
independent data and sound broadcasting, in order to meet the needs of the various services of satellite 
broadcasting.

There is a trend to provide an increasing number of consumer 
television receivers equipped with RGB interfaces. Demodulators and decoders 
generating RGB signals are now made available to provide high picture quality.
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7. Community reception and distribution techniques

In satellite broadcasting, the concept of signal reception, not only for individual reception but also for 
community receiving installations, has been established. To this end it is necessary to use suitable reception and 
distribution techniques satisfying, as much as possible, the requirements of maximum commonality between 
individual and community receivers.

For example, in Japan about half of the 1.7 million households that 
were receiving satellite-broadcasting programmes in mid-1989 were receiving 
these programmes via cable networks using either AM or FM distribution 
techniques. Moreover, small community reception installations using FM 
distribution techniques are increasing in number.
7.1 Distribution techniques

According to studies conducted in Italy and Japan, two possible FM 
distribution techniques for community reception can be envisaged [Mussino 
1984; REEA, 1987; CCIR, 1982-86c]: ’
(a) Distribution in the first IF band (e.g.: 0.95-1.75 GHz) of up to 20 FM 

channels spaced 38.36 MHz (or more), without changing the RF modulation 
parameters of BSS signals.
This technique is applicable to the case where constraints from spectrum occupation or use of high 
frequencies do not exist.

(b) Distribution in the VHF or UHF TV broadcasting bands including the extended 
UHF band (e.g: 230-470 MHz) of a few selected FM channels, spaced 38.36 MHz 
(or more), without changing the RF modulation parameters of BSS signals.
This technique can be used when the availability of a limited number of channels is acceptable to the users.

Appropriate safeguards may be necessary against accidental leakage in order to prevent interference to other 
services, in particular in the allocation for emergency position-indicating radiobeacons (EPIRBs) at 243 MHz 
and 406-406.1 MHz.

Examples of practical implementation of distribution techniques (a) 
ahd (b) are shown in Figs. 3a) and b) and 4a) and b), respectively.

For the techniques illustrated in F i g .  3 ( b ) ,  c h a n n e l  c o n v e r t e r s  a n d  band-Stop f i l t e r s  a r e  u s e d  t o  s e l e c t  an*

combine the 20 wanted channels among those (up to 40) received from each satellite orbital position. In this 
example, channels 1, 5 and 9 are converted and distributed in place of channels 12, 16 and 20, which are
suppressed by the band-stop filters. For the techniques illustrated in F i g .  4 ( b ) ,  c h a n n e l s  l ,  5 a n d  9 a n d  c h a n n e l s  2 4 ,

28 and 32 are converted into the band 230-470 MHz. In the indoor unit, the 230-470 MHz band i s  s e l e c t e d  
and c o n v e r te d  in t o  a s u i t a b l e  p a r t  o f  th e  f i r s t  IF  b and .

In the case of community-receiving installations, where the above distribution techniques (a) and (b) 
cannot be used, the use of AM /VSB remodulation may be necessary in order to minimize the channel bandwidth.

Reference should be made to Report 482 and the relevant texts of Volume XI-1.
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User terminal

(a) Method of providing a l l  channels transmitted on the same polarization

U. U.3*

OMT: ortho-mode transducer
• C: com binerto  the d istribution  network

(b) Method of providing selected  channels from both polarizations

FIGURE 3
Examples of the distribution technique in the first IF band

User texminal

(a) Method of providing selected  channels transmitted on the same polarization

OMT: orth o-m ode tr a n sd u cer
. _ C: com biner

to the d istribution  network

(b) Method of providing selected  channels from both polarizations

FIGURE 4
Examples of the distribution technique in the extended UHF band
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In small collective antenna systems, the BSS signals, distributed 
according to FM techniques (a) and ( b ) ( s e e  § 7 . 1 ) ,  c an  be im p a i re d  w i th  r e s p e c t  to  d i r e c t  
reception, because of imperfect matching between the various parts of the 
installation, especially the distribution network. Other impairments can be. 
introduced because of imperfect alignment of the head-end unit devices 
(e.g. channel and frequency converters, band-stop filters, amplifiers, etc.).

The corresponding alterations of the frequency response (amplitude and 
group delay) at the user outlets affect the spectral distribution of both 
signal and noise. The C/N ratio, at the receiving filter output, is then changed 
with respect to direct reception, depending on the carrier frequency of the BSS 
signals distributed in the network. Consequently, the. demodulated signal is 
affected by waveform distortions, impairments of the S/N ratio and increase of 
impulse noise at low C/N ratios.

Theoretical studies, as well as laboratory and field test% were carried 
out on the cable distribution systems in Japan [CCIR, 1986-90b] . Based on these 
studies, it is shown that both AM and FM distribution techniques are practical. 
As for FM distribution techniques, it is considered that some care regarding the 
mismatching of impedances of components is necessary to avoid echoes.
Figure 5 shows an example of the relationship between the echo amplitude ratio and 
delay time in the cable distribution system which gives just perceptible flicker 
impairment. This also shows that mismatches resulting in a VSWR of 1.5 would be 
acceptable in such systems.

Results of the field tests show that there are no major problems of 
applying FM distribution techniques to the cable distribution systems if 
selected distribution units with appropriate characteristics are used.

For further information, see Annex VI.

Echo delay time (ns)
Legend

Curves A - Just perceptible flicker
for the colour bar signal 

— A— A—  f°r the test pattern of the kitchen scene 
Curve B - Measured BER for 10"8 
Lines C - Cable loss 0.4 dB/m 
Lines D - Cable loss 0.2 dB/m

FIGURE 5
Echo amplitude ratio vs. echo delay time which 

gives iust perceptible flicker impairment
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Laboratory tests have been carried-out in France [CCIR, 1986-90c] on 
D2, D, C-MAC/packet signals, in order to evaluate the impairments on both 
sound/data and vision components introduced by a single echo added to the direct 
signal at the second IF of 230 MHz.

With regard to the sound/data component, Table II gives the values of
C/N measured at a bit error ratio of 1 x 10"̂ .

The C/N impairments with respect to direct reception, measured for an
echo level of -15 dB were 1 dB for D2, 1.5 dB and 1.7 dB for C (with FM and
2-4 PSK demodulation, respectively) and 2 dB for D signals. The D signals showed 
higher sensitivity than D2 and C signals to frequency offset.

With regard to the MAC vision component*the main effect of a short 
echo, less than 100 nsec delayed, was the impairment of the S/N ratio of the 
demodulated signal.

For a C/N ratio of 16 dB in 27 MHz, 1 dB and 2 dB impairments of the
luminance S/N ratio (weighted) were measured for echo levels of -20 dB and
-15 dB, respectively. For a C/N ratio of 12 dB, an echo level of -15 dB
corresponded to the visibility threshold of impulsive noise. Details of these
laboratory tests are given in Annex VII.

Experimental investigations have been carried out in Italy 
[Cominetti and Stroppiana, 1986;CCIR, 1986-90d] to evaluate the impairments 
introduced on C-MAC/packet-signals by the distribution network of collective 
antenna systems implemented according to technique (b) of section 7.1, in the 
extended UHF band (230 • 470 MHz), assuming ideal performance of the head-end 
unit devices.

With regard to the sound/data component, Table III gives the measured 
C/N ratio in 27 MHz corresponding to a bit error ratio of 1 x 10*^, the 

receivers where the worst reception quality was found, for the cases of
differential demodulation and conventional frequency demodulation of the 2-4 PSK 
C-type signal. Maximum C/N Impairments of 1.8 dB and 2.3 dB were measured for 
the two types of demodulation, respectively.

TABLE II
C/N ratio (dB) measured in 27 MHz corresponding 

' to a bit error ratio of 1 x 10~^

Type
of

modulat ion

Type
o f

dem odulation

Bandwidth
of

r e c e i v i n g  f i l t e r

f r e q u e n c y  
o f f a e t  in  

r e c e i v i n g  f i l t e r

C/N

None
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TABLE III
C/N ratio (dB) measured in 27 MHz corresponding to a bit error 

ratio of 1 x 10'^ for 2-4 PSK C-MAC/packet sound/data 
signals with differential and frequency demodulation

. Rep. 473-5

Condition
C/M (d3) for ty 

Differential

pe of demodulation: 

lixiter/discriminator

f-iodulator-denodulator, 
direct connection 7.6 10. 1

Di
st

ri
bu

ti
on

ne
tw

or
k

Best condition 7.6 9.3

Worst condition 9.4 12.4

With regard to the MAC vision component, no significant waveform 
distortions were found. The main impairment was due to the reduction of the 
C/N ratio, reaching at most 2 dB.

- Details of the laboratory implemented installation are given in
Annex VII.

According to the results obtained in France and Italy, referring to FM 
distribution of BSS MAC/packet family signals, a C/N ratio of about 2 dB Higher 
than that achieved by an ideally matched receiving system should be necessary in 
order to overcome the impairments due to the distribution network.

Further studies are necessary to evaluate the additional impairments 
introduced by the other components of the receiving installations.

8. Reception o f sound broadcasts

For individual reception at 12 GHz of sound-only broadcasts or of supplementary sound channels 
associated with television broadcasts, it would seem desirable to be able at least to use the same input stages as for 
the reception of television signals. To avoid the need for a highly stable local oscillator in the input stages and to 
simplify the demodulation stages, it is possible that a number of sound programmes may be multiplexed within a 
video signal bandwidth, and used to frequency modulate a 12 GHz transmission, having a power and bandwidth 
comparable with that used for a satellite television transmission. This multiplexing could be achieved with 
analogue FM frequency division multiplex or with digitally modulated signals in frequency or time division 
multiplex (see Report 215 for system examples). Although less efficient than separate FM carriers in terms of use 
of bandspace and power, such arrangements would have significant advantages for tuning. Studies of such 
possibilities are in progress.

9. E ffect o f channel grouping

The interdependence of receiver design, channel grouping and sharing criteria may have a considerable 
influence on the development and the implementation of a plan for the broadcasting-satellite service (Recommen­
dation No. 712 of the WARC-79).

Measurements were carried out in Japan using down-converter type receivers with a 
double conversion structure, compatible with the technical characteristics and with the plan which, was adopted at 
the WARC-BS-77. The results indicate that the channel grouping of the plan for the broadcasting-satellite service 
in the 12 GHz band is unlikely to cause deterioration in the reception of television; measured levels of 
intermodulation were fairly low and the rejection characteristics of adjacent channels were satisfactory.

Further study of this matter is desirable.
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The relationship between cost and the overall performance of receiving equipment, measured by the figure 
of merit, G/ T,  involves other factors, such as the quality of workmanship, the extent of the tests carried out after 
manufacture, the reliability objective, installation costs, etc. Cost studies both for items of equipment and for 
complete installations have shown substantial differences between the estimates obtained 
from various sources; even after these estimates have been adjusted for a similar basis and for similar performance 
factors.

Installation tests, carried out in Sweden [ c c i r , 1 9 7 8 - 8 2 e ]  show that the installation costs for individual 
TVRO terminals for 12 GHz, installed by installation engineers, are about 1 to 1.5 times the estimated factory cost 
for 12 GHz terminals for quantities of 105 units, Although these cost estimations are
primarily valid for Sweden they indicate that the installation cost should not be ignored when determining the 
overall costs of the broadcasting-satellite system [ c c i r , 1 9 7 8 - 8 2 e ] .

10. Cost consideration

11. Susceptibility to certain types of interference

A receiver having the characteristics suggested in § 5 would be expected from theoretical considerations to 
be susceptible to the following forms of interference; experience and measurements in practical situations are 
required to assess the true extent of any interference problem.

11.1 Harmonics o f certain emissions falling into the broadcasting-satellite band

This risk has its origin in harmonics radiated by ISM equipment and in particular domestic microwave 
ovens. A study [ C C I R ,  1 9 7 8 - 8 2 c ]  has shown that the risk remains slight, if the ISM equipment does not exceed the 
limit of parasitic radiation recommended by the CISPR, namely 57 dB(pW). That limit ought to be interpreted as 
applying to the total power in a bandwidth of 27 MHz. The population of domestic microwave ovens is now 
sufficient in many places to permit realistic measurements to be made in the field. In many urban areas, however, 
a microwave oven may be located near the receiving antenna in the broadcasting-satellite service. Limitation on 
the location of the oven for prevention of possible interference into receivers is given in Annex v m . Jhe computed 
distances are based on, among other things, an assumed 5th harmonic effective radiated power (e.r.p.) of 
57 dB(pW) and may not represent the worst case value [ C C I R ,  1 9 7 8 - 8 2 b ] .

11.2 Emissions in the first image band (9.1 to 10.3 GHz in Region 1)

This risk, which arises if the first local oscillator frequency is below the signal frequency, has its origin in 
certain very-high-power radar stations. A study [ C C I R ,  1978-82c] has shown that the range of the interference may 
reach 27 km. Thus the problem is a serious one and could be resolved at the level of the receiver by choosing the 
frequency for the first local oscillator above that of the signal, to avoid the disadvantage given in § 5 of requiring, 
in some areas, an image rejection of 80 dB [ CC I R ,  1978-8.2f ].
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If the intermediate frequency band lies in the range 900 to 1700 MHz, there is a serious risk of extraneous 
interference, mainly from radionavigation transmitters which may produce an e.i.r.p. of several kilowatts.

Measurements were carried out in France that confirmed the presence of a field strength of the order of 
10 V/m a few metres above the ground up to at least 10 km away. The field strength was in fact found to depend 
on the height of the point of measurement and, considering that a number of users of broadcasting-satellite 
services will be connected by cables to distribution networks running inside buildings or tower blocks, the actual
interference zone may be considerably larger and may extend as far away as 20 km [CCIR, 1982-86d]. Another
study [c c i r . i978-82g] has shown that a separation distance of 11 km may be required, assuming the screening of
the IF interconnection and circuits to be typical of present practice for UHF broadcast receivers.

Measurements made in Australia [CCIR, 1982-86e] showed that certain receivers displayed interference 
with a radar field strength of 0.35 V/m. The interference disappeared when the wanted signal level was increased 
by 6 dB above FM threshold. During the same test another receiver showed interference in field strengths 
above 1.6 V/m. One receiver that could only be tuned such that the radar frequency and the wanted IF signal 
were separated by 10 MHz was able to operate in field strengths up to 39 V/m [DOC, 1985].

In order to avoid picture impairments due to such interference problems, there are at least two solutions:

-  use of receiving equipment with protection against this risk by using a suitable well-screened construction and
suitably designed components: in particular the SHF converter (which should have a high gain but low
intermodulation levels) and the down-lead conveying the signals at intermediate frequency. This may call for 
the development of specific components and for the IEC to establish appropriate methods of measuring 
interference immunity [c c i r , i978-82h j.  However for the mass market, it may be too expensive to equip all 
receiving stations with a perfectly screened and decoupled selector/demodulator, and the manufacture of 
specially screened versions is not necessarily compatible with the consumer market; r

— choice of the band 1500-2300 MHz as an intermediate frequency. This raises problems of technology that may
be solved in the future with foreseen improvements in electronic components.

11.3 Emissions in the band of the first intermediate frequency

11.4 Intermodulation

Attention has been drawn to a possible problem arising from the large number of third-order intermodula­
tion products that could be present in the wanted signal channel when using a wide-band first converter (e.g. over 
a hundred products for a case when twenty equally-spaced signals might be present in an 800 MHz band) 
[CCIR, I 9 7 8 - 8 2 i ] .

Linearity requirements in the converter and IF amplifiers must therefore take into account the number of 
television signals of significant amplitude that may be present within the first IF bandwidth.

12. Unwanted radiation from receiving equipment [CCIR, 1982-86f]

A potential source of unwanted radiation from BSS receiver terminals is the first local oscillator (LO).
Front-end receiver designs using a direct mixer approach could have local oscillator levels as high as —50 dBW at
the antenna flange. Receivers with pre-amplifiers as the first stage will typically have levels of —65 to —70 dBW. 
Further reduction of these levels would be required to prevent possible interference into FS and FSS bands if the 
frequency selected for the first LO fell in bands allocated to these services. The following are two possible 
methods for reducing the impact of local oscillator radiation:

— select a frequency for the local oscillator for all BSS home terminals that will not cause unacceptable
interference to other services. An example of such a frequency would be 11.2 GHz that is at the centre of the
guard band between the low band and high band of the 10.7 to 11.7 GHz fixed service allocation;

-  use a single conversion receiver for BSS home terminals thus keeping the local oscillator frequency within the
BSS band.

Although this latter approach is commonly used in the FSS at 4 GHz, it is really not suitable for the BSS
since it would require a tunable local oscillator in the outdoor unit. In addition, this approach would require
careful satellite frequency channelization to ensure that the in-band image frequency falls on cross-polarized 
channels.
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Careful selection of the local oscillator frequency at some point either above or below the receive band 
could minimize image rejection requirements depending upon which signals fall into the image band. Other 
technical factors need to be considered in selecting the best approach to minimizing unwanted radiation, for 
example:

— other spurious responses created in the receiver by the local oscillator frequency selected; and

— benefits from waveguide cut-off.

Another potential source of unwanted radiation is the clock frequency oscillators in the decoders used in 
the receiving equipment. The highest clock frequency in M A C/packet decoders used in 625-line/50 Hz domestic 
television equipment is 3 /2  times that of the digital television coding standard, i.e. 20.25 MHz. Certain harmonics 
o f this clock frequency coincide with the centres of the emergency frequency channels at 121.5 MHz and 243 MHz 
in the aeronautical mobile and mobile satellite frequency bands.

The e l e c t r o m a g n e t i c  r a d i a t i o n  l i m i t s  f o r  mass p ro d u c e d  eq u ip m en t  a r e  
t h e  s u b j e c t  o f  e x i s t i n g  s p e c i f i c a t i o n s ,  CISPR Recommendation 13-1975 (A p p ly in g  
to  b r o a d c a s t  r e c e i v e r s )  and  CISPR 22-1985 [CISPR, 1985] (A p p ly in g  to  i n f o r m a t i o n  
t e c h n o lo g y  e q u ip m e n t ) . These  recom m endations  a r e  i n t e n d e d  to  e n s u r e  
e l e c t r o m a g n e t i c  c o m p a t i b i l i t y  be tw een  such  equ ipm en t and  ra d io c o m m u n ic a t io n  
s e r v i c e s .

CISPR Recommendation 13 -2 -1989  [CISPR, 1989] i s  a  new i s s u e  o f  
Recommendation 13 w hich  a p p l i e s  t o  b r o a d c a s t  r e c i e v e r s  and a s s o c i a t e d  d i g i t a l  
eq u ip m en t and s p e c i f i e s  r a d i a t i o n  l i m i t s  on a e r o n a u t i c a l  m a r i t im e  d i s t r e s s  
f r e q u e n c i e s  (1 2 1 .5  MHz and  243 MHz) i n d e n t i c a l  t o  CISPR Recommendation 22.

T h is  i s  c o n s i s t e n t  w i th  th e  c o n c lu s io n s  o f  a  s tu d y  on p o t e n t i a l  
i n t e r f e r e n c e  from MAC/packet equ ipm en t i n t o ,  i n t e r  a l i a , t h e  SARSAT sy s tem  on 
a e r o n a u t i c a l  m a r i t im e  d i s t r e s s  f r e q u e n c ie s  (1 2 1 .5  and 243 MHz) made by  th e  EBU 
[CCIR 1986-90e] w hich  h ave  b e e n  i n c o r p o r a t e d  t o g e t h e r  w i t h  i n p u t  from  S tudy  
Group 8 i n t o  R e p o r t  1101 . However, a  s tu d y  by th e  U n i t e d  S t a t e s  r e l a t i n g  to  
i n t e r f e r e n c e  to  SARSAT o p e r a t i o n s  on t h e s e  f r e q u e n c ie s  c o n c lu d e d  t h a t  a  d e c r e a s e  
i n  t h e  r a d i a t i o n  l i m i t s  d e f i n e d  by CISPR m ig h t  be r e q u i r e d  t o  p r o t e c t  t h e  SARSAT 
sy s tem  [CCIR, 1 9 8 6 -9 0 f ] .

This matter should be the subject of further consideration in Study Groups 
1 and 8. ‘
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ANNEX I

EXAMPLE OF CALCULATION OF THE FIGURE OF MERIT 
OF RECEIVING EQUIPMENT FOR INDIVIDUAL RECEPTION IN THE 12 GHz BAND

For the present example, the figure of merit, G/ T,  is defined by the following formula, which allows for 
pointing error, polarization effects, and ageing:

o Ta +  (1—a) 7q + (n — 1) 7o

where:
a : the total coupling losses, expressed as a power ratio,

P : the total losses due to the pointing error, polarization effects and ageing, expressed as a power ratio,
Gr: the effective gain of the receiving antenna, expressed as a power ratio and taking account of the

method of feeding and the efficiency,

Ta : the effective temperature of the antenna (either clear sky or for a given percentage of the time),
F0 : the reference temperature = 290 K,

n : the overall noise factor of the receiver, expressed as a power ratio.

Relatively inexpensive receivers can be produced having a maximum noise figure of 4 dB (438 K). An 
example of the calculation of “nominal” and “usable G / T " ,  using this noise figure and assuming an antenna 
diameter of 90 cm and an efficiency of 55%, is given in Table iv [CCIR, 1982-86a]. The following expression may 
be used to calculate the pointing loss / ’ in dB:

P = -12 [(8? + 8j + 8j)/8j]

where:

0! : the initial pointing accuracy of the fixed-mount receiving equipment in the direction of the satellite 
(degrees),

02 : the pointing stability of the receiving equipment under the influence of the climatic environment 
(degrees),

03 : the orbital drift of the satellite (degrees),

0O : the half-power beamwidth of the receiving antenna (degrees).
It is also possible to obtain the same result with other combinations of parameters. F igure  6 shows an 

example of how the antenna gain, the antenna diameter and noise figure may have a range of values. It is 
interesting to note that as the value of noise figure is reduced, the influence of the increase in antenna noise 
temperature on the antenna gain and diameter required for a given “nominal” and “usable G / T ” is magnified.

The effective antenna noise temperature is determined by its size and elevation angle, external noise 
sources, and atmospheric propagation effects. The smaller the antenna, the greater the relative gain of the pattern 
pointing to the Earth (side-lobes also intersect the ground at a higher antenna elevation angle). Consequently, the 
smaller the antenna, the higher the elevation angle at which its noise temperature approaches 290 K.

The effect of atmospheric attenuation of the signal is also to raise the effective antenna noise temperature, Ta , 
according to the relationship:

Ta =- T„ (1 -  1/L) ( Ta is effective antenna noise temperature)

where:

Tm = 280 K, and

I  = 100M (A is the atmospheric attenuation in dB)

Thus, for high atmospheric attenuation, Ta approaches 280 K even for high angles of elevation.



Rep. 473-5

TABLE IV — Example of the calculation of the figure of merit (G/T) *

“Nominal G/T" “Usable G/T"

Gain of receiving antenna G,
(90 cm diameter, 55% efficiency) (dB) 38.2 38.2

Coupling losses a (dB) -0 .5 -0 .5

Net gain a  Gr (dB) 37.7 37.7

Antenna temperature T0 
(clear sky) (K) 80 80

Temperature referred to the input a Ta (K) 71 71

Coupling noise (a -  1) T0 ,(K) 35 35

■ Increase in antenna temperature for 99% 
of the worst month (K) - 70

Receiver noise temperature (K) 438 438

Total effective noise temperature (K) 544 614

or (dBK) ■> 21A 27.9,

Initial pointing accuracy of the antenna 0 (degrees) - 0.4

Pointing stability o f the antenna 02 (degrees) - 0.4

Orbital drift o f the satellite 03 (degrees) - 0.1

Aperture o f half-power beamwidth 
of the antenna 0O (degrees) - 1.8

Pointing loss

P — — \2 [(0? +  0J + 0|)/0g] P (dB) - ----------> - 1 .0

Ageing and polarization losses - - 1 .0

G/ T (dB (K -')) 10.3 7.8

* Calculated at 11.7 GHz.
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0 2 4 6 8 10
Receiver noise figure (dB)

FIGURE 6 -  Relationship between noise figure, antenna diameter and antenna gain 
for "nominal" and "usable G/T" -  6 dB(K~l) or 10 dB(K~x) 

with losses and antenna temperature as in the example of Table IV

A : “usable G/T” = 10 dB 
B : “nominal G/T” = 10 dB 
C : “usable G/T” = 6 dB 
D : “nominal G/T” = 6 dB

REFERENCES

CCIR Documents

[1982-86]: a. 10-11 S/171 (France).
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ANNEX II

CHARACTERISTICS OF HOME RECEIVING EQUIPMENT 
FOR SATELLITE BROADCASTING AT 12 GHz IN JAPAN

Television satellite broadcasting at 12 GHz has started in Japan and small-size high-quality home receiving
equipment which consists of an antenna and receiver, is in practical use [CCIR, 1982-86a],

Table V shows the characteristics being established as a baseline for design and mass production. For the 
characteristics, the following are taken into consideration:

— minimization of interference with other services, as well as mutual interference between indoor units;

— standardization of electrical and mechanical interface parameters in order to ensure interchangeability of
units;

— maintenance of high reception quality and ensuring flexibility with respect to the extension of broadcasting 
services in the future.

Several circuit technologies are used to construct mass-production type outdoor and indoor units. Offset 
feed type antennas are exclusively used, for the smaller sizes.

In August 1989, more than 1.7 million of the households were receiving 
programmes via the BS-2 satellite either by direct or by community reception and 
this number is rapidly increasing.

Table V also gives the average performance of mass produced 
receiving equipment available in the marketplace in the beginning of 1989. This 
is based on the experiences of nine manufacturers in Japan.

REFERENCES

C C IR  Documents

[1982-86]: a. 10-1 IS/137 (Japan).
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TABLE V - Summary of basic characteristics of home receiving equipment in Japan

Item Preferred characteristics (') Results of measurements (2)

’1. General:
— Receiving frequency (GHz)
- Figure of merit (dB(K-1))

11.7-12.1

6(3) 14.5 for 75 cm type

2 Antenna:

— Effective diameter and gain

—  Directivity:
— half-power beamwidth
— side-lobe relative gain

— polarization

Effective diameter 
(cm) Gain (dB) ■

45 . 32.0

75 36.5 37.7 (E ffic ien cy  - 6 8 Z )(\

90 , 38.0 ■ -
100 39.0 -
120 40.0 41.2 (Efficiency - 65Z)

Fig. 2 of Report 810

2o2 0 '(for 75 cm type)
6°:-31 dB 
12°:-40 dB 
18°: — 45 dB

(for 75 cm 
type)

Circular polarization (RHCP) -  ’
3. Outdoor unit:

— Noise figure (dB)
— Image frequency suppression 

(outdoor unit) (dB)
— Overall gain (dB)

— 1st local oscillator:
— frequency (GHz)
— -stability (MHz)
— leakage power (dBm)
— 1st intermediate frequency 

(GHz)

< 4 1.8

>31 40
48 ±  4 48 ±  2

10.678 —

±  1.5 0 ) ±  1 . 0

©rn1v

A 1

1.036-1.332 —

4. Indoor unit:
-  Leakage power at 2nd local 

oscillator (dBm)
-  IF bandwidth (MHz)

<  -55 OVO1V

27 -

5. Performance:
— Signal-to-noise ratio

of the video signal (dB)
— Bit error ratio of PCM signal

> 37 peak-to-peak/r.m.s. (unweighted)
38 peak-to-peak/r.m.s. 

(C//V- 14 dB)
< 3 x lO"4 

(before error correction, 
C/N = 9 dB) 1.5 x 10"4

(') All characteristics shown in this table are considered to be satisfied within the standard environmental conditions which are 
specified individually.

(2) The values indicated are the mean value of samples at 11.85 GHz.
(3) Different figures may be selected dependent on system performance such as satellite e.i.r.p. and received quality.
(*) With automatic frequency control (AFC).
(s) This value is applicable when harmful interference to other services due to local oscillator leakage can be eliminated by an 

appropriate frequency arrangement.
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ANNEX III
EXAMPLES OF CHARACTERISTICS OF RECEIVING EQUIPMENT 

IN ITALY [CCIR, 1986-90a]

TABLE VI

Item Characteristics

1. Receiving frequency range (GHz)
2 . Antenna diam eter (cm)

11.7-12.5
60-90

3. Image frequency attenuation (dB) > 90

4. Stability of local oscillator (LO) frequency 
(MHz)

±  1.6 for an LO frequency 
of 10.750 GHz

5. Maximum radiated power at the LO 
frequency (dBm) -4 2

6 . Output frequency range (GHz) 0.95-1.75

7 . Noise figure of the outdoor unit (dB) < 2 . 0

8 . Demodulation threshold of the indoor unit 
(dB) < 10

9 . Clear sky CVH received  Srcm Olympus ((B) 18 .5 -2 2

REFERENCES

CCIR Documents

[1986-90]: a. 10-11S/145 (Italy)
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ANNEX IV
EXAMPLES OF CHARACTERISTICS OF RECEIVING 

EQUIPMENT FOR TDF-1 (FRANCE)

TABLE VII

Type of antenna C/N measured in 
clear sky 

(dB)

Calculated 
G/T in clear 

sky 
(dB(lC 1))

Stated noise 
figure 
(dB)

30 cm $ dish
focal feed on the axis
of revolution 18 6.8 1.3
33 cm dish 
rear feed 
helical source 18.2 7 1.8
Flat antenna 72 x 72 cm 20.5 9.3 2.3
49 cm 0 dish 
offset feed 21 9.7 1.8
55 cm J2f dish 
offset feed 21.7 10.4 2.9

Note - The nominal frequency of the first local oscillator is 10.750 GHz, and 
the first intermediate frequency is selected between 950 and 1 750 MHz.
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ANNEX V 

NOISE FIGURE DATA

Various data have been reported convering the input stages of receivers 
for satellite broadcasting. Table VIII is a summary.

TABLE VIII
Reported noise characteristics for 
satellite broadcasting receivers

No Referenea Fraq. Low n oise e leaen t Noise Figure Remarks

1 CCIR, 1978-82a(USA) 700MHz 1.5dB
2 cent, 1978-82a(USA) 2.5GHZ 1.5dB

3 CCIR, 1978-32M 7) 12GHZ FET 3. 5dB BH-400MHz .
4 CCIR, I978-82s (J) - D irect conv. 4.1+0.25dB 2 years degradation

0 . 25dB
5 - FET, NF-1. 8dB 2. 5dB c a r e fu lly  adjusted
6 M 3 .5dB expected
7 Konisai, 1979,80 D ir. conv./FET 4dB BW-800MHz
8 m 3.4-3.6dB BW-300-500MHZ
9 CCIR, 1978-82a(USA) « 4dB soon ob ta in ab le

10 “ - 4.5dB reduce c o s t
11 Hirata, 1983 ' - M onolithic MIC 4dB
12 CCIR, 1982-86a(J) “ GaAsFET MIC 2.5-3.0dB BW-300MHz

13 !C C IR ,1 9 8 6 -9 0 a (J ) |12 GHz! HEMT !1 .3  dB a v e ra g e !  BW=300MHz

14 !C C IR ,1 9 8 6 -9 0 b (J ) | 23 GHz! HEMT !5 dB J

REFERENCES

HIRATA, S. et al. [April, 1983] SHF receiver for satellite broadcasting. Proc. National Convention of IECE Japan, S7-14 (in 
Japanese).

KONISH1, Y. [June, 19791 Home receiver for broadcasting-satellite service. 11th International Television Symposium, Montreux. 
Switzerland.

K.ON1SHI, Y. [May, 1980) Satellite broadcasting receiver -  present and future. IEEE MTT-S International Microwave 
Symposium. Washington, DC, USA.

CCIR documents
[1978-82]: a.IO-llS/lUl (USA); b. 10-11S/16 (France); c. 10-11S/62 (Japan) 
[1982-86]: a ,10 -llS /137 (Japan )
[1986-90]: a. 1 0 -1 1 S /1 0 4 (Ja p a n )  b . 10-11S/25 (Japan);
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ANNEX VI

RESULTS OF THE FIELD EXPERIENCES FOR SATELLITE BROADCASTING 
CABLE DISTRIBUTION SYSTEM IN JAPAN

O p e r a t i o n a l  s a t e l l i t e  b r o a d c a s t i n g  i n  J a p a n  com m enced i n  1984  u s in g  
th e  BS-2 s a t e l l i t e .  A t th e  en d  o f  A u g u s t 1 9 8 9 , a b o u t  8 0 0 ,0 0 0  h o u s e h o ld s  w e re  
r e c e i v i n g  s a t e l l i t e  b r o a d c a s t i n g  p rog ram m es e m p lo y in g  e i t h e r  AM o r  FM c a b le  
d i s t r i b u t i o n .  FM d i s t r i b u t i o n  t e c h n iq u e s  h a v e  a d v a n ta g e s  o f  t r a n s m i s s i o n  q u a l i t y  
f o r  b o t h  p i c t u r e  a n d  d i g i t a l l y  m o d u la te d  so u n d  an d  d a t a  p ro g ram m es.
A p p ro x im a te ly  8 ,0 0 0  i n s t a l l a t i o n s  u s i n g  FM d i s t r i b u t i o n  t e c h n iq u e s  w e re  
o p e r a t i n g  a t  t h a t  t im e  an d  t h i s  num ber i s  i n c r e a s i n g .

S t u d ie s  c o n c e r n in g  s a t e l l i t e  b r o a d c a s t i n g  s i g n a l  d i s t r i b u t i o n  b y  c a b le  
w e re  c a r r i e d  o u t  s e v e r a l  t im e s  a t  d i f f e r e n t  p h a s e s  o f  d e v e lo p m e n t i n  J a p a n .  
R e s u l t s  show  t h a t  one  o f  t h e  p o s s i b l e  s i g n i f i c a n t  im p a irm e n ts  i n  c a b l e  
d i s t r i b u t i o n  s y s te m s  i s  a  f l i c k e r  d i s t u r b a n c e  r e l a t i n g  to  t h e  15 Hz d i s p e r s a l  
s i g n a l  due to  t h e  e c h o  r e s u l t i n g  fro m  m ism a tc h e s  i n  c a b l e  c o n n e c t io n s .  
T h e o r e t i c a l  a n a l y s i s ,  a s  w e l l  a s  l a b o r a t o r y  an d  f i e l d  t e s t s  p r e d i c t e d  t h e s e  
e f f e c t s  a n d  h e lp  i d e n t i f y  p r a c t i c a b l e  l i m i t s  f o r  t h e  e c h o  a m p l i tu d e  due  t o  c a b le  
m is m a tc h e s .

F ig u r e  5 show s th e  r e l a t i o n s h i p  b e tw e e n  th e  e c h o  a m p l i tu d e  r a t i o  an d  
d e l a y  t im e  i n  a n  FM d i s t r i b u t i o n  s y s te m  w h ic h  g iv e s  j u s t  p e r c e p t i b l e  f l i c k e r  
im p a irm e n t  f o r  d i f f e r e n t  p i c t u r e  p a t t e r n s  (C u rv e s  A) a n d  a l s o  g iv e s  b i t  e r r o r  r 
r a t i o  f o r  t h e  d i g i t a l  s i g n a l  f o r  so u n d  an d  d a t a  (C u rv e  B ) . L in e s  C a n d  D show 
c a l c u l a t e d  e c h o  d e l a y  a n d  a m p l i tu d e  r a t i o  i n  t h e  c a b l e  c o n n e c t io n  p r e d i c t e d  b y  
th e  i n d i c a t e d  l o s s  a n d  VSWR. A c c o rd in g  to  t h e s e  r e s u l t s ,  i t  i s  c o n s i d e r e d  t h a t  a  
p e r m i s s i b l e  v a lu e  o f  VSWR f o r  c a b l e  c o n n e c t io n s  w i l l  b e  b e tw e e n  1 .5  a n d  2 , a s  
c o m p a re d  w i th  2 .5  f o r  t h e  c a s e  o f  i n d i v i d u a l  r e c e p t i o n .

A p o s s i b l e  c a u s e  o f  w o rs t  c a s e  ech o es  may b e  due to  open  o r  s h o r t  
c i r c u i t  c o n d i t io n s  a t  th e  t a p - o f f  t e r m in a l .  To keep  r e f l e c t i o n s  a t  th e  
c o n n e c t io n  p o i n t s  t o  a  minimum, i t  i s  n e c e s s a r y  to  d e f in e  a  minimum v a lu e  o f  
i s o l a t i o n  a t  th e  t a p - o f f  t e r m in a l .  F o r ex am p le , p r e f e r r e d  c h a r a c t e r i s t i c s  o f  a  
t r u n k  l i n e  t a p - o f f  u n i t  i s  a  VSWR o f  l e s s  th a n  1 .2 ,  and  i s o l a t i o n  b e tw een  t ru n k  
l i n e  an d  r e c e i v e r  p o r t  m ore th a n  14 dB.

Compared to  th e  re q u ire m e n ts^  o f  an  AM d i s t r i b u t i o n  sy s te m  f o r  
c o n v e n t io n a l  t e l e v i s i o n  s y s te m s , FM d i s t r i b u t i o n  sy s te m s  r e q u i r e  l e s s  s t r i n g e n t  
c h a r a c t e r i s t i c s  f o r  m o st p a ra m e te rs  e x c e p t  f o r  th e  a b o v e -m e n tio n e d  echo 
c h a r a c t e r i s t i c s .  I f  s u f f i c i e n t  b a n d w id th  i s  a v a i l a b l e  and  com ponents su ch  as 
s i g n a l  c o m b in e rs , d i s t r i b u t i o n  a m p l i f i e r s  and  d iv i d e r s  w ith  a p p r o p r ia te  
c h a r a c t e r i s t i c s  a r e  c h o se n , FM c a b le  d i s t r i b u t i o n  sy s te m s  c an  p ro v id e  a c c e p ta b le  
p e r fo rm a n c e . *

A c c o rd in g  to  th e  above f i e l d  e x p e r ie n c e  , i t  i s  c o n f irm e d  t h a t  t h e r e  
a r e  no m a jo r p ro b lem s o f  a p p ly in g  FM d i s t r i b u t i o n  te c h n iq u e s  to  c a b le  
d i s t r i b u t i o n  s y s te m s .
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ANNEX V II

MEASUREMENT RESULTS ON BSS SIGNALS DISTRIBUTED 
IN COMMUNITY RECEIVING INSTALLATIONS

1 . L a b o ra to ry  t e s t s  i n  F ran ce

L ab o ra to ry  t e s t s  have been  c a r r i e d  o u t in  F rance  [c c i r , i986-90a] on 
D2, D, C-MAC/packet s ig n a l s ,  w ith  th e  m odula tion  p a ram e te rs  s p e c i f i e d  in  those of 
R eport 1073, u s in g  a s a t e l l i t e  s im u la to r  w ith  c h a r a c t e r i s t i c s  v e ry  c lo s e  to  
TDF-1, in  o rd e r  to  e v a lu a te  th e  im pairm ents on bo th  so u n d /d a ta  and v i s io n  
components in tro d u c e d  by a s in g le  echo, o f  d i f f e r e n t  l e v e l s  , added to  th e  d i r e c t  
s ig n a l  a t  th e  second IF o f  230 MHz. The echo de lay  was e q u a l to  th e  b i t  in t e r v a l  
o f  each system , i . e .  100 nsec f o r  D2 and 50 nsec fo r  b o th  C and D. The phase 

^ d iffe re n c e  betw een d i r e c t  and d e lay ed  s ig n a ls  was a d ju s te d  to  cause  maximum 
im pairm ent.

The t e s t s  in c lu d e d  a 2 .5  MHz o f f s e t  o f  th e  c a r r i e r  freq u en cy  w ith  
r e s p e c t  to  th e  r e c e iv in g  f i l t e r ,  which corresponds to  th e  o p e ra t io n  o f  an AFC 
c i r c u i t  b ased  on th e  average  p ic tu r e  c o n te n t. For th e  C ty p e  s ig n a ls  b o th  
freq u en cy  dem odula tion  by l im i te r /d i s c r im in a to r  and 2-4  PSK d i f f e r e n t i a l  
dem odu la tion  were ad o p ted .

' The im p a irm en ts  on t h e  s o u n d /d a ta  component w ere m easu red  in  te rm s  o f
C/N r a t i o s ,  i n  27 MHz, c o r re s p o n d in g  to  a b i t  e r r o r  r a t i o  o f  1 x 10*"^. F or the^  
MAC v i s i o n  com ponent th e  im p a irm en t was e x p re s se d  by th e  d eco m p ressed  lu m in an ce  
S/N r a t i o ,  u s in g  w e ig h tin g  n e tw o rk  g iv e n  in  Recom m endation 567-2  (1982 .j.

2 . L a b o ra to ry  t e s t s  in  I t a l y

In  th e  e x p e rim e n ta l in v e s t ig a t io n s  c a r r ie d  o u t in  I t a l y  [C o m in e tti and 
S tro p p ia n a , 1986]; [c c i r , i986-90b] th e  C-MAC/packet s ig n a ls  were i n je c te d  in to
th e  d i s t r i b u t i o n  netw ork shown in  Figure 7, which was la b o r a to r y  im plem ented.
T h is  ty p e  o f  netw ork  s t r u c t u r e ,  f r e q u e n t ly  found in  e x i s t in g  i n s t a l l a t i o n s ,  u se s  
r e s i s t i v e  d iv id e r s  n o t p e r f e c t ly  m atched to  th e  main l i n e ,  w hich a re  r e s p o n s ib le  
fo r  m u lt ip le  r e f l e c t i o n s  moving tow ards th e  head-end  u n i t .  The maximum 
im p airm en ts , due to  th e  a l t e r a t i o n s  o f  th e  am plitude and g ro u p -d e la y /f re q u e n c y  
re s p o n s e s , were th e r e f o r e  m easured a t  th e  f i f t h  f lo o r  o u t l e t s .

B e t te r  m atch ing  would be a c h ie v a b le  by a d o p tin g  d i r e c t i o n a l  c o u p le r  
d iv id e r s ,  g e n e ra l ly  u sed  on ly  in  new i n s t a l l a t i o n s .  In  o rd e r  to  a s s e s s  th e  
maximum ex p ec ted  im pairm ents w ith  r e s p e c t  to  the  id e a l  m atch ing  c o n d i t io n ,  in  
term s o f  C/N r a t i o s ,  in  27 MHz, f o r  a b i t  e r r o r  r a t i o  o f  i  x 10“ 3 on th e  
s o u n d /d a ta  component, and in  term s o f  C/N v a r ia t io n s  f o r  th e  v i s io n  com ponent, 
th e  c a r r i e r  freq u en cy  was i n i t i a l l y  s e t  to  f 0 -  387 MHz, w here s i g n i f i c a n t  
i r r e g u l a r i t i e s  a f f e c te d  th e  freq u en cy  re sp o n se ; and th e n  o f f s e t  s te p - b y - s te p  in  
th e  range o f  + 1 0  MHz.

REFERENCES

COMINETTI, M ., STROPPIANA, M. [November 1986] - D i s t r i b u t i o n  o f  DBS s i g n a l s  o f
th e  M AC-family in  c o l l e c t i v e  a n te n n a  s y s te m s " , T h ird  I n t e r n a t i o n a l  C o n fe ren ce  on 
New System s and  S e r v ic e s  in  T e le co m m u n ica tio n , L id g e .

CCIR Documents'

/L986 9 0 /: a. 10-11S/ 56 (France )£• ̂  llS/3^ (Italy)
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FIGURE 7

a ) T y p ic a l  d i s t r i b u t i o n  n e tw o rk  u se d  in  s m a ll  community 
a n te n n a  sy s tem s  and a d o p te d  in  th e  l a b o r a to r y  t e s t s

b )  S t r u c tu r e  and c h a r a c t e r i s t i c s  o f  the u s e r  d i v i d e r

ANNEX V I I I  

[CCIR, 1978-82a]

d (  m)

FIGURE 8 - Lim ita tion  on the  location o f  a receiver against the 5th harm onic radia tion  o f  a 
microwave oven including the sh ield ing  loss (A) d ue  to the  wall 

( O f  = 30 dB)

REFERENCES

CCIR Documents
[1978-82]: a. 10-11 S /1 13 (Japan).
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B R O A D C A S T I N G -S A T E L L I T E  S E R V IC E

S p a c e -se g m e n t te c h n o lo g y

( Q u e s t io n  2 / 1 0  a n d  11, S tu d y  P ro g r a m m e  2 K ./1 0  a n d  11)

( 1 9 7 8 -1 9 8 2 - 1 9 8 6 -1 9 9 0 )

1. In tro d u c t io n

1.1 G e n e ra l

T h e  la rg e  c o v e ra g e  a r e a  p o s s ib le  f ro m  a  s a te l l i te - b o r n e  r a d io  t r a n s m i t t e r ,  e s p e c ia l ly  o n  a  s a te l l i te  in  th e  
g e o s ta t io n a r y  o r b i t ,  a n d  th e  s u p p o r t i n g  t e c h n o lo g y  w h ic h  is a v a i la b le  a t  p r e s e n t ,  w ill  m a k e  p o s s ib le  th e  
e s ta b l is h m e n t  o f  a  b r o a d c a s t in g  s e rv ic e  to  th e  g e n e ra l  p u b l ic . A n  e a r th - s ta t io n  t r a n s m i t t e r  c o u ld  d i r e c t  p r o g r a m m e  
m a te r ia l  to  th e  s a te l l i te  w h ic h , in  t u r n ,  w o u ld  b r o a d c a s t  th is  m a te r ia l  o v e r  a  w id e  a r e a  to  i n d iv id u a l  o r  c o m m u n i ty  
re c e iv e rs .

T h e  te c h n o lo g y  a p p l ic a b le  to  th e  s p a c e  s e g m e n t  o f  th e  b r o a d c a s t in g - s a te l l i t e  s e rv ic e  is s im i la r  in  m a n y  
r e s p e c ts  to  th e  te c h n o lo g y  a p p l ic a b le  to  o th e r  s a te l l i te  se rv ic e s . I n  a  few  a r e a s ,  h o w e v e r ,  th e  te c h n o lo g y  n e e d e d  f o r  
th e  b r o a d c a s t in g - s a te l l i t e  se rv ic e  w ill d i f f e r  f ro m  t h a t  r e q u i r e d  in  o th e r  s e rv ic e s ,  a n d  w ill r e q u i r e  s p e c ia l iz e d  
r e s e a rc h  a n d  d e v e lo p m e n t .  T h e s e  s p e c ia l iz e d  a r e a s  in c lu d e  th e  g e n e r a t io n  o f  h ig h  R F  p o w e r ,  h ig h  e f f ic ie n c y  r a d io  . 
f r e q u e n c y  g e n e r a to r s ,  e f fe c t iv e  m e th o d s  o f  h e a t  c o n d u c t io n  a n d  d i s s ip a t io n  f r o m  th e s e  h ig h  p o w e r  R F  s o u rc e s ,  
a n d  th e  d e s ig n  a n d  d e v e lo p m e n t  o f  s p a c e c r a f t  a n t e n n a s  h a v in g  lo w  s id e - lo b e  le v e ls  a n d  a s y m m e tr ic a l ly  s h a p e d  
b e a m s .

T h e  f o l lo w in g  s e c t io n s  o f  th i s  R e p o r t  a r e  c o n f in e d  to  d is c u s s io n s  o f  th e s e  a s p e c ts  o f  s a te l l i te  d e s ig n  
te c h n o lo g y ,  a p a r t  f r o m  th e  la s t  th r e e  m e n t io n e d  a b o v e .

2 . P r im a r y  p o w er ( se e  a ls o  R e p o r t  6 7 3 )

2.1 S o la r  a rr a y s

A s a  r e s u l t  o f  th e  in c r e a s e  in  p o w e r  r e q u i r e m e n ts ,  a t t e n t io n  h a s  b e e n  d i r e c te d  to  th e  u s e  o f  l ig h t-w e ig h t  
s u n - o r ie n te d  a r ra y s .  M o s t  o f  th e  in te r e s t  is  c e n t r e d  a r o u n d  p h o to - v o l ta ic  c e l ls  m o u n te d  o n  a  f le x ib le  s u b s t r a te  
w h ic h  is e i th e r  f o ld e d ,  o r  r o l le d  o n  a  d r u m  d u r in g  la u n c h  a n d  t r a n s f e r  o r b i t  [R a y  a n d  W in ic o r ,  1966]. D e p lo y m e n t  
m e th o d s  t a k e  s e v e ra l  f o rm s ,  a s  i n d ic a te d  in  A n n e x  I.

A  1.5 k W  r o l l - o u t  a r r a y  h a s  b e e n  su c c e s s fu l ly  f l ig h t  te s te d . P re s e n t  e s t im a te s  su g g e s t  t h a t  a  r e l ia b le  12 k W  
( d e c r e a s in g  to  10 k W  a t  th e  e n d  o f  f iv e  y e a r s )  r o l l - o u t  a r r a y  c o u ld  b e  d e s ig n e d .  T h e  p e r f o r m a n c e  c h a r a c te r i s t i c s  
w h ic h  m ig h t  b e  e x p e c te d  f ro m  n e w  d e v e lo p m e n ts  in  l ig h t-w e ig h t ,  d e p lo y a b le  s o la r  a r r a y  t e c h n o lo g y  a r e  
s u m m a r iz e d  in  A n n e x  I.

T h e  r a t io  o f  p r im a r y  p o w e r  c a p a b i l i ty  to  th e  m a s s  o f  b r o a d c a s t in g  s a te l l i te s  in  th e  g e o s ta t io n a r y  o r b i t  is 
d e p e n d e n t  to  s o m e  e x te n t  u p o n  th e  a t t i tu d e  s ta b i l i z a t io n  u t i l iz e d  ( s p in  s t a b i l i z e d  o r  3 -a x is  s ta b il iz e d ) .  A  s p in  
s ta b i l iz e d  s p a c e c r a f t  in  g e n e ra l  w il l  r e q u i r e  m o r e  m a s s  t h a n  a  3 -a x is  s t a b i l i z e d  s p a c e c r a f t  to  p r o v id e  e q u a l  p r im e  
p o w e r . F ig u re  1 s h o w s  th e  b e g in n in g  o f  l ife ; p r im e  p o w e r  a n d  in - o rb i t  m a s s  f o r  s e v e ra l  r e p r e s e n ta t iv e  s p a c e c r a f t .
T h e  r a t io  o f  “ b e g in n in g - o f - l i f e ” to  “ e n d - o f - l i f e ” p o w e r  f o r  a  l ife tim e  o f  7 y e a r s  is  o f  th e  o r d e r  o f  1.3 to  1. T h e  
f ig u re  a ls o  in d ic a te s  th e  a p p r o x im a te  d a te  a t  w h ic h  th e  p a r t i c u l a r  d e s ig n  w a s  “ f r o z e n ” . T h e  h ig h e r  r a t i o  o f  p r im e  
p o w e r  c a p a b i l i ty - to -m a s s  f o r  th e  C T S  a n d  B S E  s p a c e c r a f t  c o m p a r e d  w ith  th e  o th e r  e x a m p le s  r e s u l ts  f ro m  th e  f a c t  
th a t  th e y  d o  n o t  c a r r y  m u l t ip le  t r a n s p o n d e r s  a n d  th e  a s s o c ia te d  f ilte rs .

A  s o la r  a r r a y  d o e s  n o t  p r o v id e  p o w e r  d u r in g  p a s s a g e  in  th e  s h a d o w  o f  th e  E a r th  o r  o f  th e  M o o n . W ith  a
g e o s ta t io n a r y  s a te l l i te  th e r e  is  o n e  E a r th  s o la r  e c l ip s e  e a c h  d a y ,  b u t  o n ly  w i th in  th e  p e r io d s  o f  a p p r o x im a te ly
27 F e b r u a r y  to  12 A p r i l  a n d  1 S e p te m b e r  to  15 O c to b e r .  N e a r  th e  c e n t r e  o f  th e s e  p e r io d s ,  th e  e c l ip s e  la s ts  a b o u t
s e v e n ty  m in u te s  a b o u t  m id n ig h t  a t  th e  s a te l l i te  l o n g i tu d e ;  th e  d u r a t io n  is le s s  to w a r d s  th e  b e g in n in g  a n d  e n d  o f  
th e  p e r io d s  (see  F ig . 2). In  th e  c a s e  o f  lo n g e r  e c l ip s e s , s u f f ic ie n t  w a r m -u p  t im e  m u s t  b e  a l lo w e d  a f te r  th e  e n d  o f  
th e  e c l ip s e .  In  th e  p a s t ,  a b o u t  h a l f  a n  h o u r  h a s  b e e n  r e q u i re d .

* This Report should be brought to the attention of Study Group 4.
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FIGURE 1 — Relationships between in-orbit mass and prime power at beginning of life

COMSTAR (COMSAT General + AT&T satellite)
CTS (Communications Technology Satellite)
BSE (Japanese experimental broadcasting satellite)
W/U (Western Union WESTAR)
ANIK (Canadian communications satellite)
DSCS (Defense Satellite Communications System)
OTS (Orbiting Test Satellite)
RCA SATCOM (RCA Americom satellite)

\
N ote. -  Dates in parentheses indicate approximate date at which the design was finalized.

E c lip s e s  d u e  to  M o o n  s h a d o w  a r e  n o t  a s  r e g u la r  in  te r m s  o f  t im e s  o f  o c c u r r e n c e ,  d u r a t i o n ,  a n d  d e p th  a s  
E a r th  s o l a r  e c lip s e s . T h e  n u m b e r  o f  M o o n  s o l a r  e c l ip s e  o c c u r r e n c e s  p e r  o r b i ta l  lo c a t io n  p e r  y e a r  r a n g e s  f ro m  z e ro  
to  f o u r  w ith  a n  a v e r a g e  o f  tw o  p e r  y e a r ;  e c l ip s e s  c a n  o c c u r  tw ic e  w ith in  a  tw e n ty - f o u r  h o u r  p e r io d .  T h e  d u r a t io n  
o f  e c l ip s e s  r a n g e s  f ro m  a  fe w  m in u te s  to  o v e r  tw o  h o u r s  w ith  a n  a v e r a g e  d u r a t io n  o f  a b o u t  f o r ty  m in u te s .  S p e c ia l  
p r o b le m s  in  c o n n e c t io n  w ith  b a t t e r y  r e c h a r g in g  a n d  s p a c e c r a f t  th e r m a l  r e l ia b i l i ty  c o u ld  a r is e  w h e n  M o o n  s o la r  
e c l ip s e s  o f  lo n g  d u r a t i o n  a n d  a p p r e c i a b l e  d e p th  o c c u r  d u r in g  th e  s a m e  p e r io d  a s  E a r th  s o la r  e c l ip s e s . I t  is  p o s s ib le  
to  p r e d ic t  th e  c h a r a c te r i s t ic s  o f  M o o n  s h a d o w  e v e n ts  w ith  r e a s o n a b le  a c c u ra c y .  T a b le  I g iv e s  a  p r e d ic t io n  f o r  th e  
p e r io d  1981 to  1990  f o r  o r b i ta l  p o s i t io n  110° lo n g i tu d e .  B e c a u se  o f  th e  i r r e g u la r  n a tu r e  o f  th e  E a r th  a n d  M o o n  
o r b i t s ,  r e c u r r e n c e  o f  s im i la r  M o o n  s o l a r  e c lip s e s  o c c u r s  a t  a  m in im u m  o f  o n e  S a ro s  c y c le  ( a p p r o x im a te ly  18 y e a r s )  
a n d  c a n  b e  a s  lo n g  a s  th r e e  S a r o s  c y c le s  [ E h a r a ,  1 9 7 9 ; C C I R ,  1 9 7 8 -8 2 a ; S io c o s ,  1981]. T a b le  I I  g iv e s  th e  t im e ta b le  
o f  M o o n  s o la r  e c l ip s e  o c c u r r e n c e s  f o r  19° W  f o r  th e  1 8 -y e a r  p e r io d ,  1 9 8 3 -2 0 0 0 , w h i le  F ig . 3 p r o v id e s  in f o r m a t io n  
o n  th e i r  d is t r ib u t io n  o f  o c c u r r e n c e  in  t e r m s  o f  t im e  o f  d a y  a n d  d u r a t io n  [ C C I R ,  1982-8 6 a].
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FIGURE 2 — Shadow time during equinoctial periods in the synchronous orbit
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FIGURE 3 -  Distribution o f  Moon solar eclipses (19° W)

•  0-50% shadowing

®  50-100% shadowing

TABLE I — Predicted Moon solar eclipses at geostationary-satellite orbit. 
Position: 110° E longitude

Date Entrance time 
(UT)

Duration 
(min) *

Shadowing
W

1981 January 6 0252 56 85
February 5 0832 102 86
July 30 1924 30 39
December 26 0134 66 96

1982 January 24 1926 32 35
1983 January 13 1926 22 11

January 14 1330 38 61
July 10 1524 14 9
November 5 0802 140 62

1984 May . 1 0516 44 40
1985 April 20 0450 20 4

October 14 1250 38 69
1986 April 9 1354 34 43
1987 February 28 1054 66 44

March 29 1538 28 59
April 27 1856 26 19
September 23 0448 42 47

1988 August 12 1516 32 69
September 11 0404 44 56

1989 August 1 1622 10 3
August 31 0340 38 30

1990 July 21 1902 28 48

®

)
. . .  ^

®
• (5 )

Ai  ®
.

< !>
®

®

•
• •

•
•

®

9
•

i \ . . . . .

»

• •  •



399

TABLE Ii — Timetable o f  Moon solar eclipses fo r  geostationary satellites 

Position: 19° W longitude

Rep. 808-3

Date
Entrance

time
(UT)

Duration
(min)

Shadowing
(%)

1983 January 14 0208 22.5 26
July ' 10 0410 18.2 19
July 10 2138 19 17

1984 January 3 0210 28.2 68
June 29 0146 23.5 45
October 24 1410 26.4 20

1985 May 19 0845 19.2 8
1986 May 9 0049 32.6 32

October 3 2330 28.1 65
1987 March 29 1337 31.9 32

August 24 2129 41.1 72
October 22 0632 17.7 7

1988 April 16 0429 32.4 68
September 11 0202 35.7 36

1989 February 6 1744 83.2 88
1990 June 22 2339 1 1

August 20 1257 11.5 8
1991 February 14 0626 14 7

February 14 1050 • 64.6 70
December 6 0154 27.2 66

1992 February 3 1006 47.5 18
November 24 0313 1 6

1993 May 21 2234 31.2 70
December 13 1516 21.8 10

1994 June 9 1525 42.7 36
November 3 2202 35.3 63

1995 April 29 1119 25.4 13
September 24 0606 21 23

1996 March 19 0358 8.6 8
October 12 1254 18.1 11
October 12 2215 1 2

1997 April 7 1456 44.2 50
April 7 2057 26.3 35

1999 January 17 1203 51.4 100
February 16 0239 19.2 24
February 16 1716 60.1 37
August 11 0344 31.4 84

2000 January 6 1055 50.4 27

Arrays of silicon solar cells have served quite satisfactorily as the prim e power source in satellites and are 
likely to be employed in this application for many years to come. The theoretical limit (approxim ately 25%) on the 
efficiency of silicon solar cells is much higher than the efficiencies now being realized. Therefore, several efforts 
are under way to improve the efficiency of the silicon solar cell [Lindmayer and Allison, 1973; Revesz, 1973; 
Arndt, 1974; Statler and Treble, 1974; Haynos et al., 1974].

2.2 Batteries

Batteries can be employed to provide a limited operational capability during eclipse. However, to provide 
full operational capability for the high power requirem ent would greatly increase the weight o f the satellite. The 
practical consequences of Earth solar eclipse outage can be minimized by having the service break occur after 
prime viewing time (normally taken after midnight) in the service area, by placing the satellite to the west o f its 
service area. However, it will not be possible to overcome the effects o f the M oon solar eclipse occurrences by 
such techniques, as this phenom enon is not as regular in times of occurrence, duration and depth as Earth solar 
eclipses (see § 2.1).

The elimination of eclipse protection constraints may significantly enhance planning flexibility and could 
increase the orbit-spectrum resources available for planning.
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State-of-the-art battery technology makes it feasible to support eclipse operation of a significant number of 
channels for small service areas using the lowest capacity, low-cost spacecraft being considered for the 
broadcasting-satellite service. As an example, analysis has shown that STS/PAM -D  class spacecraft* can support 
a communication payload capacity of 350 W RF power at the high power am plifier (HPA) output by battery 
operation through the full Earth solar eclipse period.

Table III illustrates the num ber of eclipse-operated channels for two typical levels o f maximum e.i.r.p. for 
7 to 10-year service lifetime. A TWT efficiency of 45% was assumed in the analysis [CCIR, 1982-86b].

TABLE III — Eclipse operation capability fo r  7-10 year service 
lifetime using S T S /P A M -D  class spacecraft

Beam
diameter

(degrees)

Maximum e.i.r.p. ( ') 
58 dBW

Maximum e.i.r.p. (') 
62 dBW

HPA output power 
per channel 

(W)

Maximum 
num ber 

o f channels

HPA output power 
per channel 

(W)

Maximum 
num ber 

of channels

0.8 19 18 48 7

1.2 43 8 108 3

1.6 76 4 191 2

. 20 119 2 300 1

2.2 138 2 350 1

(') Assumes 1.5 dB o f TW T output circuit loss.

2.3 Other power sources

Nuclear reactors and fuel cells are possible sources of primary power, but additional development will be 
required before they will be competitive with solar arrays in terms o f cost, mass and reliability.

Thermoelectric junctions and therm ionic cells may also be considered as a means of converting heat from 
the Sun or from isotope sources into electrical energy, and offer the possibility of less total mass in the power unit 
for a given electrical output. W ork is in progress on the development o f such devices and their application to 
spacecraft [IEE, 1968].

3. Radio-frequency power

3.1 Summary o f  radio-frequency power limits

The final stage of the broadcasting transm itter is the major consumer of power on the satellite. Solid-state 
transm itter modules for a frequency o f about 860 MHz and at power levels o f about 100 W have been 
dem onstrated by the USA on the Applications Technology Satellite-6 (ATS-6). Twenty watt solid state transm itters 
at 2.6 GHz have also been dem onstrated on ATS-6. Appreciably higher powers, particularly at higher frequencies, 
will require vacuum tubes. For the frequency range 2 to 20 GHz, travelling-wave tubes or klystrons might provide 
maximum powers in the range o f 1 to 7.5 kW, depending on the frequency. An efficiency of 35 to 65%, including 
any loss in power conditioning units, can be achieved with these systems. A 200 W travelling-wave tube with an 
efficiency of about 50% at 12 G H z was used in the U S/C anadian  Com m unications Technology Satellite 
Programme. For the 12 GHz band, Table IV provides pertinent parameters for existing travelling-wave tubes 
(TWTs) applicable for broadcasting satellites.

* STS/PA M -D  class spacecraft: spacecraft generally having a mass of 1250 kg in transfer orbit.
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The total radio-frequency output power is limited by the solar array power, the losses in the power 
conditioning sub-system, and the transm itter efficiency. The output power of a single tube is limited by cathode 
loading and beam compression. The power in a waveguide com ponent is limited by radio-frequency breakdown 
and heating. Other factors which impose practical constraints on spacecraft transm itter power include spacecraft 
weight, power flux-density limits applicable in particular frequency ranges, and the consequences o f interference 
on the efficient use of the geostationary arc.

TABLE IV — Travelling-wave tubes fo r  broadcasting satellites

20-30 W 1 0 0 - 1 1 0 W 120-140  W 230 W 235 U 2 3 0 -2 6 0  W 100 w 200 W 450 W .

RF circuit Helix Helix H e lix Helix He 1 ix Helix Coupled
cavity

Coupled
cavity

Coupled
cavity

N um ber o f collectors 1-3 4 4 4 5 5 3 10 5

N om inal 
efficiency (%) 35-40 50 50 52 50 49 50 48 50

Instantaneous 
bandw idth  (M Hz) 200 200 300 105-200 400 105-200 180 85 100-200

Design lifetime 
(years) 7-10 7-10 7 -1 0 7-10 10 7-10 3 3

r
7-10

C ollector cooling C onduction R adiation R a d ia t i o n R adiation R a d ia t io n R adiation Radiation R adiation Radiation

C o llec to r/body  
d issipation  (%) - 70/30 7 0 /3 0 70/30 7 0 /3 0 70/30 40 /60 40 /60 70/30

M ass (kg) 1.0 3.0 3 .2 2 .5 4 .5 ' 3 .5 6.8 11.9 6.8

Program m e OTS. ECS, 
TD RSS and 
others

BS-2 BS-3 TDF-1 
& TDF-2

OLYMPUS TV SAT 
TDF-1 
TDF-2 

T e le -X

BSE CTS/HERMES -

S t a t u s  (1 9 8 9 ) Flown and 
qualified

Flow n To be 
flow n  
1990

F low n Flow n Flow n Flown Flown Engineering
model

3.2 Equivalent isotropically radiated power and its stability

For a given zone of coverage, say 2°, maximum values of e.i.r.p, o f 75 dBW at 700 MHz and perhaps 
70 dBW at 12 GHz can be expected with still higher powers likely to be technically feasible at a later date.

Based on measurements obtained from the BSE programme over a two-year period, the standard deviation 
of the variation of the transm itting power was determined to be less than 0.2 dB [CCIR, 1978-82b].

3.3 Thermal control

The major problems are associated with heat rejection from the power conditioning com ponents and from 
the high-power stages of the transm itter. Solid-state com ponents lend themselves to simple passive methods of 
control. However, the low operating temperatures (350 K to 390 K.) require a significant am ount o f radiator area. 
Other devices, such as gridded tubes and microwave tubes, have high heat dissipation densities and high 
temperatures. The higher operating temperatures (470 K to 500 K) minimize the radiator area requirements.

The development o f heat pipes provides a promising method o f heat transfer from the source to the 
radiator. Heat pipes have been used for thermal control on spacecraft [Anand, 1968] and in heat rejection from 
high power tubes on the ground. .



402 Rep. 808-3

This section treats the operational requirements for, and the status of technology relating to, station- 
keeping and attitude control of geostationary satellites.

The possibility of physical interference between spacecraft in the geostationary orbit, and the blockage of 
the emissions of one satellite by another, the countermeasures that could be employed, and the estimates of the 
increase in fuel mass that could be required, are discussed in Report 1004.

4. Station keeping and attitude control

4.1 Station keeping

The slight inequalities in the gravitational field of the Earth, together with the gravitational forces due to 
the Sun and Moon have perturbing effects on satellites which otherwise would remain stationary, but these can be 
encountered by orbit correction or “station-keeping” techniques.

A geostationary satellite will experience extremely slight eastward or westward forces which change the 
longitudinal drift o f the satellite.

Other perturbing forces tend to change the inclination of the orbital plane by approxim ately 0.8° per year, 
thereby causing the satellite to undergo corresponding daily variations in latitude.

Present station-keeping techniques develop corrective thrust to overcome the gravitational forces by the use 
of small propulsion jets on the satellite, operated by propellants stored on board. The extent to which correction is 
required depends upon the allowable displacement of the satellite.

East-west (longitudinal) station-keeping is usually essential, because the uncorrected drift may be relatively 
large and rapid. Fortunately, the required rate of propellant consumption is very low. North-south (latitudinal) 
station-keeping, to keep the orbit close to the plane of the equator, will become more im portant as satellites^ 
achieve longer life. Latitude station-keeping requires about ten times the am ount of propellant as does longitude 
station-keeping.

For frequencies up to 1 GHz, where the required beamwidth o f the receiving antenna is not expected to be 
less than 5°, a station-keeping accuracy of 1° will be sufficient to ensure that the satellite remains in the beam of 
receiving antennas. Above 1 GHz, accuracies of the order of 0.25° may be required. The longitudinal drift for 
satellites at present in the geostationary orbit can be held to 0.1° during a satellite lifetime of at least five years. 
Satellites now under construction will be capable of controlling the daily variation in latitude to the same 
accuracy. Station-keeping techniques for achieving the orbital accuracy required for a geostationary broadcasting 
satellite are, therefore, technically feasible.

Station-keeping of the order o f 0.1° is desirable to maximize the efficiency of utilization of the 
geostationary satellite orbit spectrum space. As a general rule, satellite drift should be limited to 5% or less o f the 
spacing between adjacent satellites.

4.2 Attitude control

The pointing accuracy of the satellite antenna beams is very im portant in satellite broadcasting in order to 
obtain the best utilization of the antenna directivity. On the other hand, solar pressure and therm al gradient are 
the causes of depointing of the satellite antenna beams. To maintain the pointing of the antenna, it is therefore 
necessary to control the attitude of the satellite with as high an accuracy as possible. This accuracy depends 
mainly on the type of sensor and on the system chosen for the attitude control.

Attitude control for all three axes of a geostationary satellite is generally required to m aintain coverage of 
the desired service area and to minimize spillover. In some rare applications, it may be sufficient to provide 
control o f only the pitch and roll axes [CCIR, 1978-82c]. However, this would require an axially symmetrical 
(i.e. circular) circularly polarized antenna beam pointed at the sub-satellite point (an unlikely situation that will 
not be treated further since the satellite is normally positioned west of the service area to delay the onset o f solar 
eclipse) or pointed with radio-frequency sensors toward a beacon located at the centre o f the service area. 
Generally, even this latter case would benefit by controlling all three satellite axes when solar array mispointing 
and propellant budget factors are considered.

The pointing accuracy which can be achieved depends on the types and quality of attitude sensors 
employed for each axis.

A llo w in g  f o r  s a t e l l i t e  a t t i t u d e  a n g le  e r r o r s ,  t h e  b o r e s i g h t  e r r o r  ’
, c i r c l e  o f  t h e  t r a n s m i t t i n g  a n te n n a  s h o u ld  b e  c a p a b le  o f  b e in g  m a in ta in e d  w i t h i n

0 .1 °  r a d i u s .  W ith  th e  i n t r o d u c t i o n  o f  im p ro v e d  s y s te m s  ( e . g .  r a d i o - f r e q u e n c y  
s e n s in g ;  s e e  R e p o r t  546) t h i s  e r r o r  c o u ld  b e  c o n s i d e r a b l e  r e d u c e d .  M e a su re m e n ts  
made on th e  TDF-1 s a t e l l i t e  h a v e  show n t h a t  a  b o r e s i g h t  e r r o r  c i r c l e  o f  0 .0 1 °  
r a d i u s  c a n  b e  a c h ie v e d .
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Present attitude control systems used on most geostationary com m unications satellites can control yaw so 
that the error is in the range of ±  0.3° to ±  0.8°, depending on various factors. The lower values (of the order of 
±  0.3°) can be achieved by using two separate attitude references sufficiently far apart; for example, use of an RF 
sensor and an 1R sensor (when the coverage area is sufficiently far away from the sub-satellite point) or use .of 
two RF sensors (when the coverage area is large enough). Yaw stabilization to within ±  0.1° has already been 
dem onstrated in orbit with the ATS-6 satellite by using star sensors [Redisch, 1975] but such sensors represent a 
significant increase in the mass and complexity of the satellite.

The BSE experimental satellite of Japan limited the dynamic errors o f its attitude control by zero- 
momentum three-axis stabilization, within ±  0.03° for pitch and roll by the use of the earth sensor, and ±  0.3° 
for yaw by the use of a combination of earth sensor and radio-frequency m onopulse sensor, almost throughout the 
day [Shimizu et al., 1980]. (An angle of approxim ately 7° was subtended between the earth station beacon 
transm itter and the sub-satellite point as viewed from the satellite.)

The relationships between attitude errors and movement of the antenna footprint on the E arth’s surface 
are described in Report 546. A range of values is given, reflecting future developments in recognition of the 
critical effect of pointing error on planning.

5. Transm itting antennas

The maximum gain of an antenna and the way in which the gain decreases as a function o f angle is 
im portant in interference calculations. Therefore, guidelines are required as to the probable perform ance of 
transm itting antennas for satellite broadcasting and of receiving antennas on the ground. A detailed exam ination 
of antenna patterns and technology is given in Report 810.

6. Coverage
r

The area of the Earth covered by a satellite antenna beam, and the shape of that area, depend on the 
satellite antenna pattern per se, and also on the pointing offset o f the beam from the satellite nadir (the 
sub-satellite point). Since the satellite is not at the origin of the terrestrial co-ordinate system, the antenna pattern 
co-ordinates are not linearly related to the terrestrial co-ordinates. M ethods for calculating Earth “footprints” of 
satellite antennas are available in the literature [for example, Jacobs and Stacey, 1971; Adamy, 1974].

7. Lifetim e

Current system planning assumes a mean satellite life of about seven years. So far, studies and the 
perform ance of satellite systems encourage the view that a life expectancy o f up to ten years can be achieved by 
careful design and provision of certain reserve equipments. In particular, the solar panels must be large enough to 
allow for the progressive deterioration that takes place in space. Fuel requirements for station-keeping and attitude 
stabilization may well be large, possibly of the order o f 20% to 25% o f the mass o f the satellite if existing 
techniques are employed. With the advent of ion thrusters, less fuel will be required to realize the same 
m anoeuvring functions. These thrusters may eventually replace traditional gas propulsion systems. However, these 
new thrusters are still in the developmental stage and full evaluation still has to be determ ined (see Report 843).
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ANNEX I

D E V E L O P M E N T  O F  L IG H T -W E IG H T  SO LA R  A R R A Y S

The purpose of this Annex is to summarize the perform ance characteristics which might be expected from 
new developments in the technology o f light-weight, deployed solar arrays. It provides a summary of development 
on light-weight solar arrays and may serve as a basis for determination o f future research and development work 
in this area.

During the past several years there has been a considerable effort by a num ber of organizations to develop 
light-weight, deployed solar arrays. Two distinct types o f solar arrays have been studied; namely, deployed, rigid 
arrays and deployed, flexible arrays.

The deployed, rigid arrays have been exclusively the fold-out type either folded around the satellite body 
during transfer orbit or contained in a flat pack, accordion fold, arrangem ent during transfer orbit. Deployment 
occurs in several steps usually commencing with the pyrotechnic release o f latches or the cutting of cables. 
Depending on the type o f array, the deployment continues with the solar panels unfolding, followed by the 
extension of a yoke mechanism to separate the array from the spacecraft. The deployed array is normally locked 
in place at the panel hinges. With a rigid array, transfer orbit power is readily obtained from the outer side o f the 
stowed panels.

There are two basic types of deployable, flexible substrate arrays; fold-out and roll-out. The fold-out solar 
arrays use a flat pack concept to contain the solar cell blanket during launch. The deployment sequence begins 
with the pyrotechnic opening o f a box or release of latches or cables holding the array against the spacecraft 
body. Deployment o f the folded blanket takes place by extension of a pantograph, a boom, or a telescopic mast 
system attached to the blanket. During transfer orbit, the roll-out array is wrapped around a drum attached to the 
spacecraft. During deployment, the solar cell blanket is rolled out by the extension of a boom which is attached to 
the blanket. For both fold-out and roll-out systems a yoke is used to separate the array from the spacecraft.

A major advantage of flexible, fold-out systems over flexible, roll-out systems is their inherent higher 
packing density, since no drum is required. This allows for easier integration o f a fold-out system to a spacecraft 
within a launch fairing. Usually for both types o f flexible arrays an additional array is required to provide 
transfer orbit power during launch to geostationary orbit. In some advanced fold-out, flexible designs this power 
is provided by incorporating the transfer orbit panels into the flexible array.

Table V shows the weight-to-power and power-to-weight ratios for several deployed, rigid solar arrays. 
This Table is based on a one kilowatt wing of a two kilowatt solar array system. It first lists the weight-to-power 
at beginning of life, equinox conditions, including the array with its blanket, deployment, yoke, and stowage 
systems. The orientation mechanism weight-to-power ratio is broken out separately as is an estimated miscel­
laneous category to cover redundancy items such as redundant orientation mechanism motor windings an d /o r  
electronics, redundant latching, insulation, etc. The power-to-weight ratio at end of life (5 years) summer solstice 
conditions is also given. Finally, the effect of advanced cells on the power-to-weight ratio is shown. The end effect 
on the overall array of changing to advanced cells was estimated at 15 per cent which was assumed uniformly. It 
should be noted in Table V and later, in Table VI that in going from a designed or tested solar array system to a 
flight-qualified array, extra weight is estimated to provide for redundancy, tem perature control, etc. It is even 
more evident when the Fleetsatcom or CTS and FRUSA numbers are com pared to the typical early design 
numbers. Several examples of rigid solar arrays are shown. The first one listed which is being developed for an 
operational spacecraft is Fleetsatcom. The Fleetsatcom array is a rigid deployable array, initially folded around 
the periphery of the spacecraft. It uses conventional aluminium honeycomb substrates and solar cells.
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TA BLE V — Comparison between deployable rigid solar arrays

Type of array

FLEETSATCOM 
TRW  - conven­

tional, 
rigid foldout

MBB-ICS
foldout
(carbon

fibre)

M BB-ULP
(very
light

m aterials)

M atra . 
foldout 

(glass fibre 
technology)

Flight type 
'  arrays 

Post 1980 
(estimate)

Array, including deployment and 
stowage, at beginning of life,
Equinox (kg/kW ) 54.0

A B(i) A B(l) A B(i)

31.0 31.0 18 18 28.6 28.6

Orientation
mechanism (kg/kW ) 7.7 (4.3) (3.4) (4.3) (3.4) (4.3) (3.4)

Miscellaneous (2) (kg/kW )
Included in 

above (1.5) (1.5) (1.5)

Total a t beginning of life,
Equinox (kg/kW ) 61.7 36.8 34.4 23.8 21.4 34.4 32.0 25

Total at beginning of life,
Equinox (W /kg) 16.2 27.2 29.1 42.0 46.7 29.1 31.3 4<T

Total at end o f life, 5 years, 
summer Solstice (W /kg) 11.4 20.9 22.4 27.7 30.8 20.4 21.9 26

T otal at end o f life (5 years), 
summer Solstice if advanced cells 
are used (W /kg) 13.1 24.1 25.8 31.9 35.4 23.5 25.2

Included in 
above

Reference HI 12] 13] 14]

( ) Assumed value, since a  real value is not provided. .

(1) Colum n B uses a  lighter weight suggested by the Royal A ircraft Establishment (RAE) for the orientation mechanism and excludes 
any miscellaneous items.

(2) Includes any redundancy required in the orientation mechanism; for example, m otor windings, any insulation required, redundant 
latches, etc.

The Messerschmitt-Bolkow-Blohm GmbH (MBB) improved com posite structure (ICS) array uses alum i­
nium honeycomb substrates and carbon fibre reinforced epoxy (CRFP) facesheets in a flat pack design with the 
deployment energy supplied by spiral springs on the panel hinges. This concept will be used on the ESA, OTS 
and Marots satellites. The ultra light-weight panel (ULP) is an advance on the ICS system using the same 
deployment approach but including a carbon fibre framework and very light-weight solar panels. The M atra 
system uses a flat pack design with aluminium honeycomb substrates and glass fibre faceskins. Deploym ent is by 
springs and hinges along with a cable and pulley system.

The MBB-ICS system shown utilizes 125 micron solar cells whereas the M atra analysis is based on 200 
micron solar cells. Consequently, the MBB-ICS system is lighter and shows less degradation than the M atra 
system, at the end of five years. However, the availability of 125 micron cells in the large quantities necessary for 
production spacecraft is questionable. These systems may have to depend on the heavier cell.

The last column represents an estimate on weight-to-power for advanced flight-type systems for use in the 
post-1980 time period. '
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TABLE VI -  Comparison between deployable, flexible solar arrays

Type of array
SNIAS
flexible
foldout

RAE
flexible
foldout

CTS
flexible
foldout

Hughes 
FRUSA 
flexible 
roll-out :

Flight-type : 
arrays 

P ost-1980 
(estimate)

A rray, including deployment and 
stowage, at beginning o f life,
Equinox (kg/kW ) 23.0 . 16.6 37.7 35.8 : _

Orientation
mechanism (kg/kW ) 4.3 : 3.4

Included in 
above

Included in 
above -  ■

Miscellaneous (i) (kg/kW ) : 1.5 -
Included in 

above
Included in 

above -  .

Total at beginning of life,
Equinox (kg/kW ) 28.8 : 20.0 37.7 : 35.8 ' 18

Total at beginning o f life,
Equinox (W /kg) 34.7 : 50.0 26.5 27.9 56

Total at end o f life, 5 years, 
summer Solstice (W/kg) 22.9 36.2 17.5 ■ 18.4 37

Total at end o f life (5 years), 
sum m er Solstice if advanced cells 
are used (W /kg) 26.3 41.6 ' 20.1 21.2

Included in 
above

Reference [5] [6] [7] [1]

(i) Includes any redundancy required in the orientation mechanism; for example, m otor windings or electronics; any insulation required; 
redundant latches, etc.

The data in Tables V and VI are based on the following sources:

[1] BILLERBECK, W. J. and CU RTIN , D. J. [1974] Flexible solar array applications in communications 
satellites. Proc. Intersociety Energy Conversion Engineering Conference, San Francisco, California, USA.

[2] CRABB, R. L. and SC H N IED ER , K. [1973] Development of an advanced lightweight rigid solar array. 
Conf. Rec. Tenth IEEE Photovoltaic Specialists Conference, 306-316.

[3] KOELLE, D. E. [1974] Advanced lightweight rigid solar arrays based on carbon fibre technology. Internat. 
Astronaut. Fed., XXVth Congress, Amsterdam, Holland.

[4] LARSSON, H. [1973] Problems of development and test of large lightweight solar arrays. Proc. Internat. 
Congress, “The Sun in the Service of M ankind”, Paris, France.

[5] BARKATS, G. [1973] Development of flexible, fold-out solar array. Proc. Internat. Congress, “The Sun in 
the Service of M ankind”, Paris, France.

[6] TREBLE, F. C. [1974] The RAE lightweight solar array. Royal Aircraft Establishment Technical 
Report 73172. (Numbers contained in this report were upgraded to a 1 kW system by F. C. Treble.)

[7] SACHDEV, S. S., QU ITTN ER, E. and GRAHAM , J. D. [September, 1974] The Com munications Tech­
nology Satellite deployable solar array sub-system. International Conference on Photovoltaic Power 
Generation, Hamburg, Germany (Federal Republic of).
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Table V I is similar to Table V except that it concerns flexible 
substrate solar arrays. It includes data on several solar arrays. The array 
developed by AEROSPATIALE uses a pantograph, fold-out system with launch stowage 
in an aluminium honeycomb-walled box. The pantograph is spring loaded and self 
deploys when released. The rate is controlled by a winch and motor. The solar 
cells are mounted on a Kapton substrate designed in modular form to be usable 
for different power levels.

The Royal Aircraft Establishment solar array, based on the background of a 280 W hardw are developm ent 
programme, as proposed, would use a pneumatically actuated telescopic mast to deploy a light-weight flexible, 
foldout panel using 125 micron wrap around contact solar cells. The light-weight orientation mechanism is based 
on design estimates by Hawker-Siddeley Dynamics. RAE also indicates that transfer orbit power could be 
provided by a light-weight rigid panel which would be part o f the flexible array. As with the MBB-ICS system, the 
RAE estimates are based on using the 125 micron cells; consequently, the degradation rate is less than with other 
systems.

The Communications Technology Satellite (CTS) array is a flexible, fold-out array deployed by a Bi-Stem 
boom. This satellite was launched in January 1976. The data given is based on direct scaling of the actual array. 
Since the CTS array consists o f two wings with approxim ately one kilowatt total at end of life, it is not optim ized 
as a one kilow att/w ing system. Consequently, the numbers shown are heavier than would be expected in a 
two-wing, one kilowatt per wing array. On the basis of one kilowatt per wing, the CTS system would be expected 
to achieve at least 20 W /kg at the end of life.

The flexible rolled-up solar array (FRUSA) system is a flexible roll-out solar array deployed by a Bi-Stem 
boom. The FRUSA array was built by Hughes Aircraft Com pany and launched in 1971. It perform ed successfully 
and provided several months of useful data.

The last column in Table VI is the estimate on weight-to-power for flight-type flexible solar arrays for use 
in advanced flight-type systems in the post-1980 time period. It must be stressed that in both Tables V pnd VI 
these are estimates based on inform ation available at present. Particular missions or new, unique types o f arrays 
could change these estimates.

ANNEX II

Annex II gives a representative summary of pointing accuracies obtained with American com m unication 
satellites in 1976.

T A B LE V II

E rro r  (degrees)

North-South East- West

L ong-term  varia tio n s:

— sta tion  keep ing ± 0 .0 2 ±0.01

— attitu d e  d e te rm in a tio n ± 0 .01 ± 0 .01
— an te n n a  the rm al d isto rtion ± 0 .0 4 ± 0 .0 4

-  a ttitu d e  d rift ± 0 .1 ±0 .1

Sum  o f  square  roots ± 0 .11 ± 0 .11

S hort-term  v aria tions:

-  sp in  (pitch) no t ava ilab le ± 0 .035

— nu ta tio n ± 0 .0 4 ± 0 .0 2

T ota l e rro r ± 0 .1 5 0 ±0 .185
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SECTION 10/1 ID: PLANNING 

Reports

REPORT 633-3

O R B IT  AND FR EQ U EN C Y  PLAN NING  IN T H E  
B R O A D C A STIN G -SA TELLITE SERV IC E

(Question 1/10 and 11, Study Programme 1A/10 and 11)

(1974-1978-1982-1986)

1. Introduction

The provision of broadcasting-satellite services to countries within a Region entails careful planning of* 
frequency allotment and satellite location to reduce interference to an acceptable level. This Report deals with the 
problems of planning, mainly for the 12 GHz band, and outlines the parameters involved in preparing plans, 
together with methods of assessing the likely success o f a plan and its efficiency.

The following features of planning are mentioned initially as they are of a general nature, applying to 
services in all relevant bands:

-  It is assumed that all broadcasting-satellite services of the same kind, to the same service area, would 
generally be provided from the same geostationary orbital position to permit the use o f a fixed receiving 
antennas. Some important exceptions are: services designed for different audiences (e.g., programmes for 
individual reception and programmes for community reception), exceptionally large service area requirements 
satisfied by using more than one satellite per service area, and services provided to areas of intentional 
overlap between service areas within the territory of an administration (e.g., to allow the territory to be served 
by fewer than the authorized number of satellites during the initial phases of implementation o f the Plan);

-  for the purpose of calculating the wanted-to-interfering signal ratio in the case of several interfering signals, 
the total interfering signal may be calculated on the basis of adding the com ponent interfering signal powers 
received by the antenna;

-  whenever possible, the coverage area should be the minimum necessary to provide the required coverage;

-  if a plan is agreed on that is based on certain technical parameters (e.g., channel bandwidth and channel 
spacing), an adm inistration may nevertheless implement systems with parameters different from those 
adopted, provided that it does not cause more interference than it would cause, nor dem and greater 
protection from interference than it could demand, if it adhered to the adopted parameters;

-  if it is proposed initially to operate a broadcasting-satellite service for community reception, and at a later 
date to operate broadcasting-satellite services for individual reception in the same frequency band, both 
services should employ the same modulation system to facilitate compatibility. Under such circumstances, it 
would also be necessary to assume sharing criteria that would allow for the broadcasting services ultimately 
required. However, if a system is designed for community reception on a perm anent basis with no plans for 
later use of the same frequency band for individual reception, the assumption of sharing criteria more 
stringent than those required for the planned system could be wasteful;

-  all the signals transmitted from the same orbital position and meant for the same audience should generally 
be of the same polarization, however, exceptionally large service requirements may make it necessary to use 
both polarizations (in interleaved channels as discussed in § 2.1.2) from the same orbital position and meant 
for the same audience.

Sections 2 to 8 deal with planning of the 12 GHz band in general terms. Sections 9 and 10 discuss the 
results of 12 GHz planning in Regions 1 and 3, and Region 2 respectively. Section 11 considers the planning of 
broadcasting satellites in other bands, and § 12 deals with spacecraft service functions.
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2. Guidelines toward efficient planning

2.1 General principles

All planning should make use of the following principles, consistent with the service demands of 
individual administrations and to the maximum extent practicable, in order to achieve a high efficiency of 
spectrum and orbit utilization.

2.1.1 Orthogonal polarization

Orthogonal polarization offers a potential for a significant decrease in mutual interference and, 
therefore, increased spectrum-orbit utilization. When used in conjunction with frequency interleaving, it 
may produce a degree of discrimination sufficient to allow re-use of the frequency band in the same 
satellite system. When used in adjacent satellites, the additional discrimination may allow the spacing 
between them to be decreased to about one half, in many cases. For some systems, maintaining the correct 
polarization angle at all the receiving installations may introduce underdesirable complexities which must 
be considered before the principle can be implemented. The use of this technique is also discussed in 
Reports 555 and 814.

It should be noted that the principle does not say that adjacent satellites should always use 
opposite polarization. Rather, it says that polarization should be used in the most effient manner. For 
example, if the service areas of two satellites are far enough apart, the satellites can be placed very close 
together even when co-polarized. A third satellite possibly serving an area much closer to the area served 
by the first one, may then use an opposite polarization.

r

2.1.2 Frequency interleaving

Frequency interleaving, or the technique of offsetting the carrier frequencies of one satellite (or one 
set of transponders in a single satellite) relative to the carrier frequencies of another, is used in order to 
reduce interference. The principle proposed is that this technique should be used wherever practical, in 
such a way as to lead to the most efficient spectrum-orbit utilization. Generally, that means that the 
frequencies should be interleaved in satellites relatively close to one another, but need not be interleaved in 
satellites serving widely separated areas. Also, an administration which is assigned a block of frequencies 
at a given orbital position may choose to utilize contiguous, non-interleaved channels.

The implementation of the frequency interleaving principle may be difficult when different systems 
use transponders with widely different bandwidths, and with multi-carrier signals. Some advantage may 
still be possible from the use o f frequency interleaving, but the principle must be stated more generally in 
terms of avoiding coincident carrier frequencies.

2.1.3 Crossed-path geometry

Crossed-path geometry refers to the principle that considerable improvements in orbit-spectrum 
utilization may be achieved if adjacent satellites serve areas separated by at least one other intervening 
service area. If the intervening service area is relatively large, the adjacent satellites may be placed 
relatively close together.

2.1.4 Clustering

Administrations having service requirements which exceed the capacity of a single satellite may 
choose to locate two or more satellites in a single nominal orbital position. Such clustering of satellites 
may allow up to the entire available band to be utilized for a particular service area, from a single orbital 
position. Nominally collocated satellites may need to be separated slightly in order to avoid collisions, 
excessive feeder-link interference, etc.

2.1.5 Homogeneity o f  systems

The orbit efficiency would be maximized if all satellites in a portion of the orbit transm itted at the 
same e.i.r.p. per television signal. However, there may be reasons for some inhomogeneity between 
different systems because of different propagation margins being required in different service areas, 
because of receiving terminals with different G /T  values in different systems, etc. The effect o f this 
inhomogeneity on orbit efficiency requires further study. Report 453 provides information in this regard.
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The planning of feeder links is discussed in Report 952. When feeder links and down links are 
planned at the same time, advantage may be taken of the trade-offs possible by considering overall 
performance of the feeder link and down link together. This applies in particular to requirements of 
protection ratio and energy dispersal (see Report 215).

There may be cases where the feeder link and the down-link service areas are not coincident. For 
example, an adm inistration whose territory spans several time zones may find it desirable to serve each 
time zone from a different orbital position in order to obtain better eclipse protection, and at the same 
time to be able to access each satellite from any point within its territory that has an adequate elevation 
angle. These matters received particular attention in the RARC SAT-83, which dem onstrated the advan­
tages of simultaneous planning of the feeder links and down links.

2.1.6 Feeder link considerations

2.1.7 Protection ratio

The single entry protection ratio adopted for the WARC-BS-77 Plan for Regions 1 and 3 is 35 dB. 
According to the satellite transmitting antenna pattern given in Appendix 30 of the Radio Regulations, a 
discrimination of 35 dB occurs at a separation of service areas of 5.2 beamwidths while a discrimination of 
30 dB is achieved at a separation of 1.58 beamwidths. Hence, at this lower separation the requirement o f a 
35 dB protection ratio would not be satisfied. However, the impact on spectrum-orbit capacity would be 
substantial if a 30 dB single-entry protection ratio could be acceptable as a trade-off for increased 
spectrum-orbit capacity or increased flexibility in positioning broadcasting satellites.

The RARC SAT-83 adopted an aggregate co-channel protection ratio o f 28 dB for Region 2, r 
corresponding to a single-entry protection ratio o f about 32 dB. This is one of the reasons why the 
Region 2 Plan permitted smaller satellite separations, in some cases, than the Plan for Regions 1 and 3.

2.2 Geographic considerations

Geographic features affect the use of the geostationary orbit in two ways: they determine the usable service 
arcs for the given service areas, and they interact in various degrees with the three techniques employed for the 
re-use of the same frequencies.

2.2.1 Service arcs

The service arc o f a given service area depends directly on the geographic features o f latitude, size 
and shape. Additional restrictions may be imposed by special requirements of minimum angle of elevation
and eclipse protection:

For example, studies on 12 medium-sized service areas have shown that the average available arc 
(subject to the elevation angle constraints in Appendix 30 of the Radio Regulations and eclipse protection 
to local midnight) is 23°, while the average available arc to meet a 20° elevation angle and assuming full 
battery support is 112°, a nearly five-fold resource increase.

— Latitude: For a single receiver and for an assumed minimum angle of elevation, the length of the 
service arc is a function of latitude only. Figure 1 shows the length o f the service arc for such a point 
as a function of latitude for angles o f elevation from 0° to 40°. For an area that is narrow  in latitude, 
so that all of its points are approximately at the same latitude, this length is decreased by the distance 
(measured in degrees of longitude) between its easternmost and westernmost points;

— Size and shape: The service arc of an extended area of irregular shape is determined by the latitude 
and longitude of the two points in the area at which the elevation angle first falls below the given 
value as the satellite moves east or west, respectively. These points frequently are not obvious by 
inspection and must be determined by trial and error or by graphical means. In general, the larger the 
service area and the higher its latitude, the smaller its service arc. As far as shape is concerned, a long 
narrow service area has a smaller service arc than a roughly circular one of the same size. For a

. service area near the equator, the east-west dimension tends to be the determining one; for a service 
area nearer one of the poles, the east-west dimension at the highest latitude is critical.
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FIGURE 1 -  Service arc o f single receiver 

(es: angle of elevation)

2.2.2 Frequency re-use

Frequency re-use is possible primarily through three techniques: orthogonal polarization, earth- 
station antenna discrimination, and satellite antenna discrimination. Geographic features have some effects 
on all three.

— Orthogonal polarization: The discrimination obtainable between two cross-polarized beams depends 
on two geographic features: the climate (which determines the rain statistics) and the location, i.e. the 
latitude and longitude of the earth receiving station. Depolarization caused by rain is an im portant 
effect both with linear and with circular polarization. The variation of the received polarization angle 
with latitude and longitude, which may or may not be significant depending on several factors, will be 
present only with linear polarization. Both these effects are discussed in detail in Report 814.

— Earth-station antenna discrimination: The effect o f geography on the earth-station antenna discrimina­
tion is a minor one. For a given earth-station antenna characteristic, satellite spacings must be larger 
when the service area is near the rim of the visible Earth (as seen from the satellite) than when the 
service area is near the sub-satellite point. Because the ratio of the geocentric to topocentric angles 
between two satellites varies between 1.18 and 0.99 over the Earth’s surface, the ratio between satellite 
separations required in these extreme cases is 1.19 to 1.
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— Satellite antenna discrimination: The discrimination obtainable from the satellite antenna, according to 
the patterns adopted by the WARC-BS-77, is at most equal to its on-axis gain which, for the smallest 
beam considered by that Conference (0.6°), is 48.9 dB, This value is reached when the receiver is 
about 18 beamwidths away from beam centre. However, substantial values of discrimination are 
obtained at points much closer. The adopted pattern has a plateau that gives a discrimination of 
30 dB at points that are between 1.6 and 3.2 beamwidths away from beam centre. Similarly at the 
RARC SAT-83, a minimum beam size of 0.8° was adopted. This corresponds to a maximum 
discrimination of 46.4 dB which occurs at 16.5 beamwidths or 13.2° off-axis. Even larger values of 
discrimination may be possible when shaped beams are used. Examples of the perform ance obtainable 
with shaped-beam technology are given in Report 810. The relative location of different service areas, 
which determines their separation and therefore the amount of satellite antenna discrimination 
achievable, is the single most important geographic factor affecting spectrum-orbit utilization.

Service areas can be covered in three general ways:
— using a single circular or elliptical beam,
— using multiple circular or elliptical beams, or
— using a shaped beam,

as shown in Figs. 2, 3 and 4. Methods of Fitting minimum area ellipses to service areas are addressed in 
Report 812. In the multiple elliptical or circular beam case, assuming the same channel and polarization 
assignment, there is considerable improvement in frequency re-use capability since the required separation 
of service areas for co-polar, co-frequency re-use will be much smaller for the smaller beams. Of course, 
required separations for adjacent-frequency re-use will also be reduced.

FIGURE 2 -  Single elliptical beam FIGURE 3 -  Multiple elliptical beam FIGURE 4 -  Shaped beam

In the multiple beam case, the transmissions to the different positions of the service area may be at 
different frequencies, thus adding a degree of flexibility to the possible services. If different frequencies (or 
polarizations) are used, the total number of channels used is correspondingly increased. The overall 
capacity of the spectrum-orbit resource may be increased or decreased depending on the size of the beams 
and the separation of the service areas to which the same or adjacent channels are assigned or allocated. If 
identical transmissions are used, this case becomes equivalent to that o f the shaped beam. In fact, shaped 
beams are often achieved by combining several elliptical beams of the proper amplitudes and phases.

It must be noted, however, that the size of service area ellipses in the multiple beam case, or that 
of the beam elements in the shaped beam case, may be limited by considerations similar to those which led 
to the adoption of a minimum ellipse size at the WARC-BS-77, e.g. spacecraft antenna size.
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2.3 Broadcasting-satellite  system s fo r  co m m u n ity  reception

One of the planning principles adopted by the WARC-BS-77 and by the WARC-79 (Resolution No. 701) 
is that all planning should be done on the basis of individual reception. This may lead to inefficient 
spectrum-orbit utilization for those cases in Region 2 in which there is a permanent requirement for a community 
broadcasting-satellite service, i.e. where there is no intention to later convert to individual reception. It may be 
possible, in some cases, to implement more community broadcasting satellites than individual broadcasting 
satellites in a given orbital arc, due to the greater discrimination of the receiving antennas of the community 
broadcasting-satellite system. This advantage may be limited, however, due to the differences in e.i.r.p. of the 
different systems (see § 2.1.5). The extent to which this implementation is possible depends on the technical 
characteristics of the systems involved and on the geographical separation of the various service areas affected. 
Spectrum-orbit efficiency might be increased if this possibility is taken into consideration during the planning 
stage. It will be necessary to further study this method of use of the 12 GHz band in Region 2.

2.4 Impact on planning o f multi-service (hybrid) and multi-beam satellites

In some cases, an administration may achieve significant cost savings by sharing a single (hybrid) satellite 
among two or more services such as the BSS, FSS and MSS. Similarly, two or more administrations may achieve 
savings by sharing a single satellite having multiple fixed beams (as discussed in Report 810) or time-shared 
steerable beams; in these cases, the shared satellite may also provide two or more services if desired. These savings 
are likely to be greatest for adm inistrations whose requirements for certain services have not yet developed 
sufficiently to make a dedicated satellite practical.

Multi-service satellites might use specialized transponders of two or more types, one type for each distinct 
service, or may use transponders capable of providing more than one service each.

Certain studies [Edelson and Morgan, 1977; Fordyce and Stamminger, 1979] have suggested that such 
multiple service/multiple beam systems may be particularly attractive economically given the growing capability to 
launch large space, platforms, although more conventional space stations can also be efficiently used to provide 
such services where total power requirements are modest.

Total power requirements would depend on whether the concerned administrations desired to implement, 
at any given time, the full number of channels available to them an d /o r the full transponder power allowed by a 
plan or other regulatory limitation. For example, an interim service scheme is conceivable in which less than full 
capacity an d /o r power would be used, at the choice of the concerned administrations, for a period of time 
(e.g. the life of the satellite) until the full service was implemented at a later date. Several administrations, allotted 
different orbital positions on the basis of their ultimate requirements may, for interim or developmental service, 
wish to share the same space station with one or more channels assigned to each administration.

Report 665 notes that space station antenna beams can be steered or directed using arrays. Mechanically 
steered antennas operating over wide areas have been demonstrated on ATS-6 and CTS spacecraft. Thus, it is 
possible to time share a given satellite capacity, including individual transponders, among two or more 
administrations.

Where two or more adm inistrations time share the same channel, they would be using the same 
frequencies, which may not be the frequencies allotted to each of them in a plan. For a single space station, 
separate feeder-link frequency bands, or portions of bands would be required for each down-Iink service. Where 
multiple administrations are served, different specific frequencies may be necessary for each adm inistration or 
service area, depending upon such factors as antenna discrimination, beamwidth, separation of service areas, 
interference objectives, etc. Thus feeder-link considerations in multi-beam or multi-service satellites present 
im portant limitations. .

Plans which allot specific orbital positions and frequencies for one service will not, in general, be 
compatible with such plans for another service. Because of differing requirements and technical characteristics in 
different services, orbital allotments will not, in general, be the same for the different services in the same 
adm inistration or service area. Thus, unless substantial flexibility were built into those plans, or plans were 
carefully coordinated with each other, multi-service satellites would not be possible to implement, and the 
economic advantages of such satellites could not be achieved [CCIR, 1978-82a].
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The difficulties imposed by specific plans on shared use of space stations by different services or different 
administrations, and the potential technical and economic attractiveness of such shared use, should be taken into 
consideration in planning the BSS in Region 2. Flexibility in the implementation of a plan or bringing into service 
systems affected by a plan (such as stated as a principle for planning in Region 2 by Annex 6 to the Final Acts o f 
the WARC-BS-77) could help to resolve some of the difficulties.

Precise methods of taking multiple service/multiple beam space stations into consideration in planning 
have not been developed and require further study.

A discussion of multiple service (hybrid) satellites may also be found in Report 453, § 7.3.

3. Key elements

The key elements of planning for the broadcasting-satellite service are descriptions or specifications of:
— the broadcasting-satellite service requirements to be satisfied,
— the range of technical parameters and interference criteria,
— the structure of the plan and the resulting allotments, and
— the methods for subsequent modifications to accommodate changing service requirements and technology.

Each of the key elements will be discussed in turn.

3.1 Service requirements

Service requirements are prepared a n d /o r  coordinated by individual adm inistrations or groups o f 
adm inistrations to reflect domestic or regional broadcasting-satellite requirements. The specification of these 
requirements could range from a statement of the total bandwidth, preferred orbital position and associated 
service area to a complete delineation of the types and number of broadcasting channels and their service area.

Service requirements are closely coupled to the time element dictated by the particular approach to 
planning. It should be appreciated that the most speculative forecasts are those made over the longest term, 
whereas the most accurate are those for the short-term.

3.1.1 Examples o f  factors relating to the required service

— the required number o f television channels for each service area;

-  the number of service areas in each country;

— the shape, dimension, and location o f each service area, in the form of geographical co-ordinates of
the corners of a polygon which represents the area considered, with sufficient approxim ation, or
possibly the detailed characteristics o f the planned antenna beam if available; the geographical 
co-ordinates of several points within each service area resulting in a sufficiently representative 
sampling for purposes of calculating protection margins;

— the quality of service, including the required carrier-to-noise ratio, and signal-to-noise ratio, for 
specified portions of time;

— the preferred location o f the satellite in the geostationary orbit, including the possible preference for 
some service areas to share, or not to share, the same orbital position;

— the kind o f service desired in each service area, e.g., individual reception or community reception, and
possibly in the case of the latter, the number of receiving installations;

-  possibly the locations, antenna sizes, and e.i.r.p.s o f all feeder-link transm itting stations in each service
area;

-  possibly the frequencies to be used for the feeder-link transmissions;

-  the philosophy of satellite spares;

-  the expected growth and evolution of the service.

3.2 Technical parameters and interference criteria

Depending on the type of broadcasting-satellite application and its state o f development, the technical 
parameters and inter-system interference criteria may vary from system to system and with time. For example, 
using one planning approach, each administration would have the flexibility to construct and expand its 
broadcasting-satellite system in accordance with its growth requirements and by its own criteria, minimum cost for 
example. For this planning approach, the technical parameters and inter-system interference criteria would change 
with time in response to changing service requirements, technology and cost.

Using a different planning approach, the parameters and criteria would be fully specified for all systems, 
perhaps with appropriate modification procedures.
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3.2.1 Examples o f  factors relating mainly to technical standards

— the carrier frequency spacing of adjacent channels;

— the preferred carrier frequency spacing of channels allocated to the same service area:

— the overall protection ratios for all broadcasting systems included in the plan (co-channel and adjacent
channel) including both feeder link and down link;

— receiver characteristics, including the figure of merit ( G/ T ) ;

— the radiation patterns (co-polar and cross-polar) o f the satellite transmitting antenna and the earth
receiving antennas;

— the pointing tolerance of transmitting and receiving antennas;

— station-keeping accuracy;

— propagation data, including allowances for rain attenuation, clear air attenuation, and depolarization 
caused by rain; -

— the limits of the usable arc of orbit for each area, as determined by the time of satellite eclipse and the 
minimum elevation angle;

— the minimum power flux-density required within the service area for the kind o f service desired, 
e.g., individual reception or community reception.

3.3 Structure and allotments

Allotments might be made in various forms and for various periods of time, independent of the time 
period associated with the service requirements. c

Using one particular planning approach, assignments are recorded in the Master Register after successful 
coordination with other systems. These frequency and orbit position assignments in the Master Register constitute 
one possible base o f a plan.

Using a different approach, band segments and orbit positions would be allotted to each adm inistration or 
group of administrations for a specified period.

3.3.1 Examples o f  characteristics determined by the plan

In the broadcasting satellite service, the object o f a plan is to specify, for each satellite emission, 
the following characteristics:
— the shape, dimensions and orientation in space of the antenna beam used to cover the service area;
— the transmitted power (or the e.i.r.p.);
— the frequency (or the channel);
— the satellite position in the geostationary orbit;
— the polarization.

To present the channel, orbit position, and polarization assignments in a given plan, it is 
convenient to use a matrix in which each row corresponds to one channel and each column to one orbital 
position. The various service areas are then entered as the appropriate elements of the matrix together with
a symbol indicating polarization. Table I illustrates a method of presentation of a plan.

TABLE I — Plan fo r  showing assignments in a plan with C channels (J, ... C), S orbit positions 
(at longitudes\x . \ s), and two polarizations (I, 2). Service areas are designated A, B, . . .  N
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The final major element of alternative planning approaches is the accom modation o f changes in service
requirements, technical parameters, criteria, and technology, and possibly consequential changes in allotments. 
The ability and the degree to which changing requirements may be accom modated within a plan depends on the 
planning approach adopted and the portion of the total capacity of the geostationary orbit/spectrum  resource not 
already allotted in the plan. The capacity is a function of the technical parameters o f the systems in the plan and 
th& satellites’ positions in the geostationary-satellite orbit.

4. Planning approaches

The following are possible approaches to planning. Not all these approaches are necessarily applicable to 
all allocated broadcasting-satellite frequency bands.

4.1 Detailed orbital position and channel allotment plan

In such a plan, specific values of satellite orbit location, frequencies, and service areas are specified for 
each administration, along with a specific satellite e.i.r.p. and sense of polarization. The orbital spacing and 
service area separations required for co- and adjacent-channel operation in the plan are based on specific values 
assumed for a number of additional system characteristics, which include:
— noise and pfd objectives;
— receiver figure of merit;
— station-keeping tolerances;
— interference objectives;
— antenna characteristics;
— modulation method and necessary bandwidth; r
— eclipse protection and minimum angle of elevation requirements.

It is convenient to distinguish between three types of detailed allotment plans.

Type 1: Long-term plan (15-20 years)

A long-range detailed frequency/orbit plan where technical criteria, frequencies and orbital positions are 
fixed and changes are limited to special circumstances to the extent that they do not introduce additional 
interference or require additional protection. The plan would be reviewed after the specified term at a competent 
administrative radio conference.

Type 2: Medium-term plan (7-15 years)

A detailed frequency/orbit plan, with assignments o f orbital positions and channels to each adm inistration 
coupled with a modification procedure that would allow as much flexibility as possible while retaining the 
integrity of the plan. New requirements and criteria may be accommodated by agreement of affected adm inistra­
tions during the lifetime of the plan. A regional or world administrative radio conference would be held at the end 
of the period to update the plan, taking into consideration technological changes and new requirements.

Type 3: Short-term plan (3-6 years)

A short-term plan with orbital positions and channels assigned to each country for a period of 3-6 years. 
Conferences would be held before the end of the period (say every 5 years) to amend the plan to include new 
requirements and reflect new technology. O f course, the integrity of all systems notified or operating according to 
the current plan would be respected.

Typically, all plans must include orbit positions and a minimum num ber o f channels for each adm inistra­
tion in the plan in order that it can develop its system or concepts within a defined framework.

4.2 Detailed orbital position and block frequency allotment plan

In this planning approach administrations are assigned blocks o f spectrum at certain orbital positions. 
These blocks of spectrum would be associated with certain service areas, but neither specific frequencies nor 
polarizations would be allotted. The channel bandwidth would be determined by the administration(s) concerned. 
In effect, this scheme leaves to the administrations concerned the flexibility to choose the type of microscopic 
planning schemes best suited to their requirements and needs. Administrations would be free to change their 
frequency plans, polarizations and bandwidths as their requirements change, or to increase the capacities of their 
allotted blocks of spectrum as permitted by advances in technology. With proper attention to selection of service 
areas and orbital positions, adm inistrations would be able to share a satellite with other administrations in the 
initial phase of development o f their requirements, while retaining the flexibility to change their use of the block

3.4 Modification
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of spectrum as their requirements increase. Specific channel and polarization assignments would be made at the 
time an administration was ready to implement a system for a particular service area. The key to accomplishing 
such an approach is arranging orbital locations so as to obtain the necessary isolation between the service areas 
concerned.

4.3 Detailed frequency assignment and orbital arc allotment plan

Under this scheme, individual administations would be alloted a number, o f specific channels per service 
area, but would not have specific orbital locations associated with them. However, administrations would be 
allotted specified geostationary orbital arcs that could be used to provide service to the concerned service areas. 
Specific assignments of orbital position to a service area would be made at the time an administration was ready 
to implement a system for that service area.

This planning approach could provide flexibility in some aspects of system design. However, in order to
assure the required numbers of channels per service area, certain technical planning constrains must be assumed,
including channel bandwidth.

4.4 Guaranteed access by means o f  multilateral coordination

A formal plan would not be established, but there would be procedures for guaranteed frequency/orbit 
access for requirements as they arise. Normally, frequency/orbit access would be coordinated in accordance with 
the procedures contained in the method described in § 4.5. When a new requirement could not readily be 
accommodated, a special meeting would be called of those administrations that might be affected and a means 
would be found to accommodate the new requirement, including adjustments to existing systems, in order to 
accommodate new systems of administrations.

4.5 Coordination procedures and technical factors that are revised periodically

This approach to planning is a phased revision of the existing regulatory procedures, regulations and 
CC IR Recommendations as well as the development of new procedures, regulations and Recommendations 
(simplified to the extent possible) leading to more efficient use of the geostationary-satellite orbit/spectrum  
resource.

5. Procedures for detailed a priori planning

The planning of the broadcasting-satellite service is constrained by two main technical factors: system 
noise and interference. Since, in most cases, these two factors affect different system parameters, they can be 
considered somewhat separately in the development o f the planning procedure. This permits the partitioning of the 
synthesis problem into two steps.

The first step consists o f optimizing the basic technical system parameters so that the thermal noise 
performance criteria are met. This is based on the minimization o f the transm it power at the satellite, for a given 
figure of merit for the receiving terminals and a specified performance criteria for protection against thermal 
noise, i.e. minimum C /N  to be met everywhere within a given service area for a specified percentage of the time. 
The beam parameters as described in § 7.1 can be optimized under these constraints. For this purpose, the service 
area boundaries are usually approxim ated by a polygon defined by the coordinates of its apexes.

There is a need, in the planning process, to optimize a beam for each o f the possible assignments of 
orbital locations for the satellite serving each of the service areas so that, during the assignment stage, the relevant 
beam parameters are available from the list in order to compute the mutual interference between the different 
systems involved. Requiring the assignment process to select beams from this list according to the orbital position 
assignment of each satellite will ensure that all systems in the final plan will also be protected against thermal 
noise.

The second step of the synthesis is the assignment of orbital positions, polarizations and channel 
frequencies so that the interference performance criteria are met.

This section describes a possible procedure for detailed a priori planning. It is applicable when channel 
bandwidths are compatible among the systems being planned. Further study is required to relax this constraint.

5.1 Planning with regular channel distributions

When it is envisaged to make a complete plan at the outset, it may be useful to divide the task into two 
steps. First, a plan is made which permits the broadcasting of one television programme (or its equivalent) to each 
service area using a limited number, C |, o f channels. Then this “plan with one programme per service area” is 
transformed into a more general plan which assigns the required number o f channels to each service area having 
the same position in the orbit and the same polarization for channels serving the same area. A study 
[CCIR, 1974-78a] describes a method by which the construction o f such a general plan may be worked out on the 
basis of regular channel distributions. This method may be used directly when it is required to assign the same 
total number of channels to each service area; and can, also, be modified to fit the case when this does not hold 
to be true (see § 5.4).
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A regular distribution is characterized by:

d : the difference between the ordinal numbers of the consecutive channels serving an area;

t : the number of channels assigned to each area (a channel may carry one television programme or 
many sound broadcasting programmes);

C, : the number of channels for a single programme per area.

The total number of channels C is given by:

5.2 Definition of regular distribution

C = tC, ( 1)

This equation also indicates that Q  is the maximum number of service areas that can be served from one satellite 
position without having to resort to frequency re-use.

The carrier spacing A is given by:

A =
W  -  gb -  b 

( C -  1)
(2)

where:

W: the total bandwidth including the two guard bands;

g b : the total bandwidth occupied by the two guard bands at both ends of the allocated band; 

b : necessary channel bandwidth.

This can readily be seen from Fig. 5.

C H A N N E L S
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FIGURE 5 -  Example o f a regular channel distribution

C = 8 
C, = 4 
t = 2 
d = 4
gb -  gh  + gb2 
W  = gb + b + (C -  1) A
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The principal restrictions to which the regular distributions are subject are as follows:
— the value of d  must be greater than 1 to avoid the assignment of two adjacent channels to the same country, 

which would give rise to difficulties when multiplexing the signals for the same transmitting antenna; d must 
also be small, so as not to make excessive the receiver tuning range necessary to receive all the programmes 
intended for one service area.

If R  is the range over which the centre frequency of the receivers can be tuned, it will be necessary that:

j  Rd  < ------------  (3)
( '  -  1)A V

— the number of channels per service area t, should normally be chosen to be as high as possible, taking 
account of the available bandwidth;

— the number of channels for one programme per service area, Q , should be a multiple o f d. Moreover, it 
should lie between a minimum value (which corresponds to the case where it is possible to neglect 
adjacent-channel interference, requiring a large channel spacing), and a maximum value which is determined;
— by the necessity to have a sufficient number of positions on the orbit to take advantage of the 

discrimination against interference given by the receiving antennas;
— by the necessity to avoid a reduction of the channel spacing to such a degree that the increase in the 

necessary adjacent-channel protection ratio would make planning impossible.
For values of C| between maximum and minimum, the carrier spacing is, in general, smaller than the channel 
bandwidth, and assignments must be made so as to protect both the same channel, and adjacent channels, as 
required by the corresponding protection ratios. The optimum value of C\ is the one which results in 
approximately equal im portance for co-channel and adjacent-channel interference. According to preliminary 
studies involving some forty service areas in the European Broadcasting Area, optimum C| there, would be 
equal to 8;

— to obtain advantage from the use of orthogonal polarizations, it is very useful to alternate polarization from 
one channel to the next in a given orbit station, as well as from one station to the next, in a given channel. 
This facilitates assignment o f adjacent channels to adjacent areas from the same orbital position, and the 
assignment of the same channel to areas with modest geographic separation from neighbouring satellite 
stations. However, for all the channels serving a given area to have the same polarization, the difference d 
between the ordinal numbers o f the successive channels o f the area must be an even number. Then, as C \, the 
number of channels per programme per area, is necessarily a multiple o f d, it must also be even;

— it may be helpful to introduce guard bands, on the one hand at the ends of the band allocated to satellite 
broadcasting in order to reduce adjacent-band interference (see Report 809) and on the other, between the 
groupings of channels within the band in order to reduce the cases of adjacent-channel interference. The latter 
guard bands should be eliminated if it is intended to standardize the channel spacing for more than one 
Region.

The Final Acts of the WARC-BS-77 (see § 3.5.3 o f Annex 5 to Appendix 30 (ORB-85) to the Radio 
Regulations) specify that the spacing between the assigned frequencies of two channels being transmitted by the 
same satellite antenna must be greater than 40 MHz for Regions 1 and 3 (see also Report 811). However, the 
spacing between the assigned frequencies o f two channels being transmitted to the same service area can be 
smaller than 40 MHz (and therefore the value of d A  can be smaller than 40 MHz) when that area is served from 
multiple (clustered) satellites at the same orbital position or from a large satellite with multiple antennas. More 
study is required to evaluate the trade-off between the complexity and cost of such arrangements and the increased 
flexibility resulting from relaxation of the 40 MHz restriction. The spacing would then be limited by the receiver 
characteristics.

All the above constraints severely limit the number of regular channel distributions of practical interest to 
planning.

Figure 6 gives two examples of channel utilization at a given orbital position. In the first, the parameters 
chosen for a total bandwidth of 800 MHz are d  =  4, / =  5, Q  =  8. In the second, the parameters chosen for a 
total bandwidth of 500 MHz are d = 6, / = 5, Cj =  6. In accordance with the channel order, the service areas 
follow the sequence A, B, C, D; or A, B, C, D, E, F. . _

5.4 Non-regular distributions

When it is required to assign a number of channels varying from one service area to another, the 
preceding considerations still apply under the condition that t of the regular distribution is taken to be equal to 
the greatest common divisor o f the different channel totals for the various service areas; the limiting case being 
t =  1. Moreover, it is necessary to make each area appear as many times as the number of groups of t channels 
assigned to it. In some particular cases, another method may consist o f distributing a group of t channels amongst 
several service areas. The inconvenience of these non-regular distributions consists in increasing the difficulty of 
the problem of adjacent-channel interference. However, such situations may be unavoidable in practice.

5.3 Constraints on distributions
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F IG U R E  6 -  Exam ples o f  regular channel distributions occupying a total bandwidth o f  800 an d  500 M H z. In both exam ples, the  
number o f  channels, t, assigned to each service area is 5. In the f irs t example, C /, the num ber o f  channels f o r  one program m e p er  
service area, is 8 an d  the difference, d, between channel numbers assigned to the sam e service area is 4. The corresponding num­
bers in the second exam ple are 6 and 6. The 800 M H z bandwidth is then divided  into 40 channels with carrier separation o f  
19.18 M H z and the 500 M H z bandwidth is d ivided into 30 channels with nominal carrier separation o f  16.7M Hz. Channel assign­

ments to service areas A, B, C, D,... could be repeated (to other service areas) f o r  other positions on the orbit

5.5 Standardization o f  carrier position and spacing

Standardization of the channel spacing and position of each channel in the whole allocated band may be 
desirable with a view to utilizing the frequency/orbit more effectively and simplifying interference calculations. 
The exact value of channel spacing and exact location of the channel may be determined, taking into account the 
relevant technical characteristics, and a detailed regular channel distribution may then be constructed.

6. C alculation of the total interference

When evaluating the power produced at a given point by a single satellite (down link) or at a given 
satellite location by an earth-station transm itter (feeder link) the concept o f an equivalent gain for each partial 
link may be employed.

There are two antennas involved in each partial link, and these have both co-polar and cross-polar 
transmission and reception characteristics. In addition, atmospheric propagation effects, represented principally by 
co-polar attenuation and cross-polar discrimination, influence the net signal level.

The equivalent gain (as a power ratio) for one partial link can be represented by the following 
approxim ation:

G =  G] • cos2 P + G2 • sin2 p (4)

G\ =  G,p • Grp ■ A +  G,c • Gn • A +  G,p • Grc • A • X  +  G,c • Grp • A • X

</2 = ( /  G,p ■ Grc ■ A +  ]/ Gtc • Grp • A )2 +  G,p ■ Grp ■ A ■ X  + G,c ■ Grc • A • X

where:

P : for linear polarization, is the relative alignment angle between the received signal polarization plane 
and the plane of polarization of the receive antenna, and, for circular polarization, p =  0° is assumed 
to correspond to co-polar transmission and reception and P =  90° is assumed to correspond to 
mutually cross-polarized transmission and reception;

G : gain (power ratio > 1 );

A : co-polar attenuation on the interfering partial link (as a power ratio <  1);

X : cross-polar discrimination on the interfering partial link (as a power ratio < 1);

' %  _  |0-O.I(3O log/- 40 log(cos e,) - 20 log( — 10 log A)\

for 5° <  e s < 60°

where:

/ :  frequency (GHz); and
e, : satellite elevation angle as seen from the earth station (degrees).

For Ej >60°, use e, = 60° in calculating the value of X.
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Using the equivalent gain concept, the wanted carrier power (in dBW), or the single-entry interfering 
power, on each partial link is simply given by:

Pr = Pt — L-fs — ^ ca + 10 G dBW (5)

where:

P r  : power received (dBW),

P t ' .  transmitting antenna power (dBW),

LFs • spreading (“free-space”) loss (dB),

L Ca '■ clear-air absorption (dB).

In the expression for G\ , power summation of the terms is assumed throughout. Near the main axis of the 
wanted transmission, a voltage addition of the first two terms may be more appropriate due to phase alignment 
whilst away from this axis random effects dictate power addition. However, since the second term is insignificant 
near this axis the assumption of power addition does not compromise the approximation. Atmospheric depolariza­
tion is a random effect thus the last two terms are power summed.

In the expression for G2, voltage addition of the first two terms is assumed since, near axis, either term 
could be dominant and phase alignment of these terms would dictate voltage addition. Away from this main axis 
the third and fourth terms become the dominant contribution: thus, although a power addition of the first two 
terms is warranted, in this region as for the Gi discussion, the validity of the assumed model is not unduly 
compromised by maintaining voltage addition in all regions. Since the transition from voltage addition near axis 
to power addition off-axis is nebulous, the above expressions, in view of the arguments presented, would appear 
to be a reasonable compromise between accuracy and simplicity.

r
If the ratio of the wanted carrier power to the power of an interfering signal, where both powers are 

calculated using equation (5) above, is to be evaluated for the worst case, such parameters as satellite station- 
keeping tolerances, satellite antenna pointing errors, and propagation conditions must be taken into account.

The expression for G2 above can be used to investigate the overall discrimination sensitivity to both 
transm it and receive antenna cross-polar discrimination near the axis. For example, using the WARC-BS-77 
antenna patterns as a reference and relaxing first the satellite cross-polar pattern by 7 dB to —33 dB, a reduction 
in the net discrimination of 0.5 dB is obtained, whereas in relaxing the receive antenna cross-polar pattern by 
5 dB to —20 dB, the reduction in net discrimination is 3 dB.

Equations (4) and (5), in the form shown, apply to circular polarization; they are also valid for linear 
polarization provided that the polarizations of the wanted and unwanted signals are the same or orthogonal. (If 
the angle between the polarizations of the two signals has any other value, additional interference components 
appear.)

The aggregate interference power is obtained by adding the powers so calculated for all interferers. The 
ratio o f the desired signal power to the aggregate interference power is the down-link aggregate carrier-to-interfer- 
ence ratio (C/1) .  The feeder-link aggregate interference power and C / I  are obtained in a similar way, and the 
two aggregate values o f  C / / a r e  then combined to obtain the total aggregate C/I .

The station-keeping and satellite transm it-antenna beam errors which should be included are those which 
result in the lowest receive level of the wanted signal and the highest receive level of the interfering satellite signal. 
When the interfering satellite is at a lower elevation angle than the wanted satellite, worst-case interference 
conditions usually occur during clear-sky operation. Conversely, if the interfering satellite is at a higher elevation 
angle, worst-case interference usually occurs during heavy rain conditions. If sufficient data are not available to 
evaluate faded conditions, a possible alternative is to use the following formula:

A =  Sa(R, f )  /(0, R )  dB . (6)

where:

A : foul weather signal attenuation (dB);

Sa : specific attenuation (dB/km ) which depends on the rain rate R (m m /h) and carrier frequency f .  
Values of R are given in Report 563 for the various climatic zones and percentage of the average year. 
The value of Sa can be determined from Report 721 (Fig. 1 or Fig. 2) given values for R and / ;

/ :  effective path length (km) through the rain which is a function of the angle o f elevation 0 and the rain
rate R (see Report 564).

Factors affecting rainfall attenuation are examined further in [CCIR, 1974-78b].
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7.1 Calculation o f transmitting antenna beam and e.i.r.p.

For planning purposes, it has in the past proved convenient to assume that all the beams of various service 
areas have circular or elliptical cross sections. Some actual systems will probably employ shaped beams to suit the 
desired coverage and an alternative approach is to assume shaped beams in assessing the protection margin. In the
shaped beam approach, modifications to some of the following planning steps may be required. This requires
further study.

The parameters to be determined for circular or elliptical beams are:
— the co-ordinates of the centre of the service area, defined as the point at which the beam axis touches the 

surface of the Earth;
— the dimension of the major axis and the minor axis of the elliptical section of the beam. These dimensions 

should preferably be specified in such a way that the envelope of the elliptical section corresponds to the 
envelope of the transmitting antenna radiation pattern at the — 3 dB points;

— AG, the reduction of the transm itting-antenna gain between the centre and the nominal limit o f the service 
area (see Report 810);

— the orientation of the major axis of the elliptical section, preferably in the form of the azimuth of the 
projection of the major axis on the surface of the Earth with respect to the meridian passing through the 
centre of the service area;

— the orientation of the major axis of the elliptical cross-section, determined as follows: in a plane normal to
the beam, the direction of the major axis o f the ellipse is specified as the angle measured anti-clockwise from
a line parallel to the equatorial plane, to the major axis of the ellipse.

In the calculation of these parameters, it is necessary to take account of the allowable pointing a n d r 
rotation errors o f the transmitting antenna so that the country being considered is still covered in all cases, and 
also of an eventual limitation of the dimensions o f the transmitting antenna; (a limitation which corresponds to a 
minimum size of realizable beamwidth).

These parameters can be optimized according to specified criteria. EBU studies, described in Report 809, 
have been based on the following criteria:
— the representation of the country boundaries is approxim ated by a polygon which should be completely 

covered by the beam;
— the optimization is carried out so that the ratio between the areas (measured on a projection plane

perpendicular to the beam axis) o f the cross-section of the beam ellipse, and the projection o f the polygon
corresponding to a country, is as close as possible to unity.

In Canadian studies [CCIR, 1974-78c], boundaries of countries are represented in the same m anner as 
above, but optimization (through minimizing the beam cross-section) is made possible by using projection on a 
sphere which is centred on the satellite.

As the optimal beam for a service area depends on the position in orbit, it could be advantageous to carry 
out the calculations for a large number of positions on the orbit, spaced, for example, every 2.5° within the usable 
arcs ahead of time. In this way, a file of optimum beams for the various service areas would be established.

Once the beams have been determined, the necessary radiated powers can be calculated by the usual 
link-budget method (see Report 215). In practice the actual powers may differ from the nom inal powers specified 
by the plan, by an amount designated as the operating power margin (see Report 810).

7.2 Calculation o f  co-polar and cross-polar emission discrimination matrices

These matrices give, for the least-favourable point in each country, for the co-polar and cross-polar 
components respectively, the ratio:

wanted co-polar power flux-density 
interfering co-polar (or cross-polar) power flux-density

The terms in these matrices apply to all the possible pairs o f interfered-with and interfering countries. The
calculations should take account o f the least-favourable conditions o f transm itting-antenna pointing. To a first
approxim ation, these matrices are not affected by any change in the positions on the orbit, provided that the 
optimum beam is always used at each position. The matrices can, therefore, be calculated with an arbitrary choice 
of provisional positions on the orbit.

These matrices can be used:
— to indicate, independently of the position on the orbit, and thus independently of the receiving-antenna 

discrimination, the relative intensity of the potential interference between service areas;
— to calculate the actual level o f interference between two service areas when the positions on the orbit are

known. It is then necessary to add the receiving-antenna discrimination to the transm itting-antenna descrimi-
nation and to take account o f the relative polarizations.

7. Principal planning steps

The object of this section is to give some indication of the successive planning steps.
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When the positions on the orbit are provisionally assigned in advance, it is also possible to calculate an 
interference matrix which gives, for each pair o f countries, the ratio of wanted power/interfering power at the 
receiving antenna output.

The main advantage of the interference matrix is that it permits the transmission causing the predominant 
interference to be identified for each interfered-with service area. If a critical case of interference arises and it is 
decided to adjust the plan being considered, the interference matrix acts as a guide to the assignments which it is 
necessary to modify to improve the plan.

Furthermore, the interference matrix gives a preliminary idea of the real distribution of interference since, 
to a first approxim ation, the effect of multiple interference can be included by using a correction factor estimated, 
for example, at 3 dB, which is applied for a given interfered-with country, to the term in the matrix corresponding 
to the predominant interference.

7.3 Interference matrix for reception

7.4 Algorithms fo r  the assignment o f  channels, positions on orbit and polarizations

The number of plans which are theoretically possible is so vast that there is no hope of evaluating them 
all. One valuable method can take the form of algorithms programmed on a computer which will enable a certain 
num ber of more-or-less satisfactory draft plans to be obtained. The aim of these algorithms should be to select 
assignments where the interference is weak. In other methods similar draft plans can be prepared manually 
without the use of computers.

Several computer programs have been written in several countries (see Report 812). Some of these msrke it 
possible to produce plans in which either all the protection margins are positive with the minimum number of 
channels, or in which the lowest protection margin is maximized for a given number of channels. The plans thus 
obtained can be modified manually, in cases where the impact of the modification is minor — for example, beam 
orientation, e.i.r.p. etc. However, some parameters cannot be modified without a destructive effect on the 
optimized plan.

Even when a com puter is used, some of the planning steps may be done manually, in particular the 
assignment o f polarization can be done systematically with the aid of certain simple rules. For example, in 
accordance with § 5.3, one can assign orthogonal polarizations to satellites using adjacent channels from the same 
orbital position, or using the same channel from adjacent orbit positions. However, such manual rules are less 
flexible than the use of operational research algorithms on computers.

In the case where the feeder links are planned at the same time as the down links (as in the case of 
RARC SAT-83 for Region 2), it is well recognized that there is a significant advantage in allowing the individual 
adjustment o f feeder-link and down-link contributions o f noise and interference. However, the complexity o f the 
planning process is then increased considerably. Com puter tools then become even more necessary.

If it is assumed that the down link will dom inate the noise and interference budgets then the general 
approach to planning the feeder links and the down links will be to consider an initial planning stage to allocate 
spectrum and orbit resources to the down link. This entails first a synthesis process and an analysis process linked 
together in an optimization loop. The second stage would allocate corresponding spectrum resources to the feeder 
link (the orbit having already been allocated, or at least constrained in the first stage). This stage will also consist 
o f a synthesis process and an analysis process linked together in an optimization loop (this second loop can, 
however, be made much simpler than in the case of the down link). This two-stage planning process can then be 
connected to an overall analysis process and iterated until an acceptable assignment is achieved. The whole 
process is illustrated in Fig. 7a.

A second approach, much more simplified, permits the simultaneous optimization of both feeder-link and 
down-link assignments and consists of a synthesis process and an analysis process connected together in an 
optimization loop as shown in Fig. 7b [CCIR, 1978-82b]. This approach will, however, generate the same relative 
assignments of the feeder links as for the down links. This results in a common translation frequency for all 
systems under consideration. It is assumed in this approach that a completely transparent transponder is used, 
i.e. no additional adjacent-channel filtering, no small signal suppression or enhancement due to operation at, or 
near, saturation of the non-linear travelling-wave tube. In the case where this common translation is too 
constraining, the resulting plan could be readjusted using the first approach described above in order to meet 
some specific requirements that the exact frequency translation of the down-link plan would not allow and to 
optimize the plan even further.

This second approach is only one way to simplifying the problem of planning the feeder links and down 
links. Further study is needed to identify other means.
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8.1 Criteria fo r  selection o f  a planning approach

General criteria could be used in determining which of the various possible methods of planning the use of
orbit and spectrum will be most satisfactory in any specific set o f circumstances. The following criteria are
suggested, based on the studies of Interim Working Party 4/1.

These criteria have been presented in an arbitrary order, recognizing that the relative im portance o f each 
will differ between individual administrations. However, the important step is to first determine the objectives, and 
their relative importance, and then to evaluate the ability of each planning method to meet those objectives. The 
duration of the plan also has a bearing on the evaluation of the objectives.

Not all of these criteria are applicable to all cases o f planning, depending upon the frequency band under
consideration.

8. Criteria for planning approach selection and plan assessment

FIGURE 7a -  Process f o r  p lann ing the fe e d e r  links an d  down links in the broadcasting-
sa te llite  service

A: dow n-link synthesis
Assign -  down-link channels,

-  down-link polarization,
-  orbital location 

B : down-link analysis
C : feeder-link synthesis 

■ Assign -  feeder-link channels,
-  feeder-link polarization 

D: feeder-link analysis
E : unacceptable down-link plan iteration 
F : unacceptable feeder-link plan iteration 
G : fu ll analysis
H: unacceptable overall plan iteration 
J : acceptable overall plan documentation

B D

c-------------- 4----

FIGURE 7b -  Simplified process for the simultaneous planning o f the feeder 
links and the down links

A: plan synthesis
Assign -  feeder- and down-link channels,

-  polarization and orbital position 
B : plan analysis •
C : unacceptable plan iteration 
D: acceptable plan documentation
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8.1.1 Equitable access

Does the method guarantee in practice for all countries equitable access to the geostationary-satel­
lite orbit and the frequency bands being planned?

8.1.2 Service requirements

8.1.2.1 Is it possible to establish realistic forecasts o f broadcasting-satellite service requirements to be used 
as the basis for allotments in the plan?
8.1.2.2 Can allotments be defined in the plan that will accommodate the likely variety of requirements, 
including multi-administration satellite systems?

8.1.3 Accommodation o f  unforeseen new systems or changes in requirements

Is there an effective procedure for accommodating unforeseen new systems or increasing or 
decreasing (e.g., when services are transferred to new satellites in other frequency bands) broadcasting- 
satellite service requirements?

8.1.4 Accommodation o f  existing systems

Does the method ensure protection to existing operational systems during the implementation and 
operation of the method?

8.1.5 Establishment and modifications o f technical parameters and interference criteria

8.1.5.1 Can technical parameters and interference criteria be established and maintained for the life of the 
plan that will accommodate changing technology and service requirements?
8.1.5.2 Is there a provision for modifying the technical parameters and interference criteria of the plan to 
take advantage of the technical developments that are more efficient an d /o r  less costly? r

8.1.6 Restrictions due to sharing with other services

Does the method impose any additional sharing constrains either on planned or unplanned 
terrestrial or space services due to sharing the same frequency allocation?

8.1.7 Efficient use o f  the orbit-spectrum

8.1.7.1 Does the method make efficient use of the orbit-spectrum resource?
8.1.7.2 Is there incentive to use optimum technical standards?

8.1.8 Impact on satellite system costs

Are there features of the plan that, over the life o f the plan, are likely to force adm inistrations to 
utilize progressively more costly satellite systems? Does the plan allow administrations to take advantage 
of cost savings made possible by future developments in technology?

8.1.9 Administrative costs

Does the administrative implementation and operation o f the plan involve substantial work for 
administrative and technical staff, taking into account the relative magnitude of system and administrative 
costs?

8.2 Plan assessment

8.2.1 Introduction

It is desirable to have available precise and, if possible, standardized methods to evaluate the 
performance which would be attained in adopting a given planning scheme, in order to be able to analyse 
a certain number of plans and to choose the one offering the greatest advantages. The quality of a plan 
may be judged from several aspects, some of which may not necessarily be calculable.

8.2.2 Efficient use o f  the orbit-spectrum resource

A fundamental criterion is the efficiency of use of the orbit-spectrum resource available to users of 
the plan. Orbit-spectrum efficiency would be measured by the maximum number o f programmes or 
channels which could be carried by a number of satellites using a limited orbital arc and a limited 
spectrum bandwidth. Several studies have been made on this subject [CCIR, 1974-78d].

8.2.3 Protection margins

Another factor to be considered is the protection margin as described below.
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8.2.3.1 Overall co-channel protection margin

The overall co-channel protection margin is defined in § 4.7 of Recommendation 566. This margin 
defines the quality of the plan under consideration, in the sense that if the value is never negative, the 
co-channel interference is always acceptable. Unlike the interference matrix, the overall protection margin 
takes account of the interference caused by all the transmissions using the same channel. Its value must be 
calculated for all the receiving points being considered and, in order to give an idea of its statistical 
distribution within each interfered-with country, it is possible to note the values of the overall protection 
margin which are exceeded at 100%, 90%, 50% and 0% of the receiving points.

8.2.3.2 Overall adjacent-channel protection margins

The overall adjacent-channel protection margin and the second adjacent-channel protection margin 
are defined in § 4.8 and § 4.9, respectively, of Recommendation 566. .

8.2.3.3 Overall equivalent protection margin

Although it is im portant for planning purposes to consider the overall co-channel and adjacent- 
channel protection margins separately when evaluating a plan, it is often useful to adopt an overall 
equivalent protection margin, as defined in § 4.10 of Recommendation 566.

All computations of protection margins are based on power addition of contributions from 
different interferes. Recent measurements conducted in C anada [CCIR, 1982-86a] and the United States 
[CCIR, 1982-86b] have shown that this is an approxim ation, and may be slightly pessimistic for co-channel 
interferers and optimistic for adjacent-channel interferes. Measurements indicate that multiple adjacent- 
channel in terferes combine to produce an effect which is 2-6 dB worse than power addition. However, for 
the combination of co-channel and adjacent-channel interferers, the effect more nearly approaches a power r 
addition of the individual interference effects over the entire C / I  range. At high C /7  the subjective effects 
are dominated by the co-channel interference, while at low C /7 , the adjacent channel is dom inant. Details 
o f the measurements can be found in Report 634.

A plan might be considered acceptable, in every service area, if the overall equivalent protection 
margins are positive or near zero.

8.2.4 Worst-case scenario testing

In testing scenarios in any planning approach, it is usual practice to test for the simultaneous 
occurrence of worst-case conditions o f the many variables involved, e.g.:
— protection ratio,
— antenna discrimination characteristics,
— antenna mispointing tolerances,
— station-keeping tolerances,
— differential rain attenuation,
— transm it power tolerances,
— receive gain tolerances, etc.

Ideally, what is needed is a statistical approach to m aintaining an adequate protection ratio where 
a certain target C /7  is m aintained for a certain percentage o f the time in analogy with the handling of 
precipitation attenuation and with the subjective perception o f picture quality (which is, after all, the final 
critical criterion).

However, it is virtually impossible to determine the statistical nature of a set o f interrelated 
parameter tolerances since in some cases the statistics are not known, in some cases the statistics are 
time-dependent (e.g. weather or ageing), and in other cases the statistics are under the control o f the 
various operating agencies (e.g. station-keeping and beam mispointing) which may adopt different control 
strategies. Thus, under these conditions, a fully implemented plan should be assumed under a worst-case 
combination o f the above parameters and tolerances.

9. Results of Plan for Regions 1 and 3 and of other studies

The Plan that was adopted by the WARC-BS-77 for Regions 1 and 3 shows that generally five 
programmes per service area can be obtained with channel spacings o f 19.18 MHz and nominal satellite spacings 
o f 6°. The Plan includes a few negative equivalent protection margins (of the order o f —1 to — 3 dB with respect 
to 31 dB protection ratio), but is generally considered satisfactory.
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A study [CCIR, 1974-78e] provides information on the required discrimination when two broadcasting 
satellites serve adjacent overlapping areas, using the same frequencies. Figure 8 shows the protection ratio versus 
antenna discrimination angle for frequency sharing between broadcasting satellites. The studies undertaken by the 
EBU are summarized in [Mertens et al., 1976].

•a
§

10 12 14 16 18 20 22

Co-polarized protection ratio (dB)

24 26 28 30

FIGURE 8 -  Protection ratio as a function o f antenna discrimination angleforfrequency 
sharing between broadcasting satellites

Protection between broadcasting satellites for Individual reception (antenna 
diam eter 1 m, beam width 1.7°, gain 39.2 dB)

Protection between broadcasting satellites for Individual reception (antenna 
d iam eter 0.75 m, beam width 2.2°, gain 36.7 dB)

Protection between broadcasting satellites for com m unity reception (antenna 
d iam eter 1.5 m, beam w idth 1.1°, gain 42.7 dB)

Protection o f com m unity reception from individual reception broadcasting 
satellites

10. Results of the Plan for Region 2

10.1 The Plan

The Plan adopted by the RARC SAT-83 was able to accommodate almost all requirements for 
broadcasting-satellite services submitted before the Conference. This included multiple satellite positions, each with 
the full bandwidth (12.2-12.7 GHz), for the countries with the largest requirements, no less than four channels for 
any country, and several regional beams for countries that had requested them.



Rep. 633-3 429

The evaluation of the Plan by computer analysis showed several negative overall equivalent protection 
margins but these margins were generally considered acceptable by all adm inistrations participating in the 
RARC SAT-83.

The average capacity per service area of this Plan is significantly greater than that o f the Plan for 
Regions 1 and 3. The principal reasons for this are:

— the lower protection ratio adopted (28 dB as compared to 31 dB);

— the use of non-regular satellite spacings:

— the adoption of technical parameters reflecting improved technology, particularly with respect to reference 
antenna patterns;

— the use of multiple orbital positions and both senses of polarization for some service areas;

— the systematic exploitation o f the special geographic features of Region 2; and

— that there are fewer service areas per degree of longitude in Region 2 than in Regions 1 and 3. These features 
are discussed further below.

10.2 Special geographical features o f  Region 2

10.2.1 Boundaries

Region 2 differs from the other two Regions in that its boundaries both on the east and on the 
west are almost entirely adjacent to water. And, with two exceptions — Iceland and eastern Siberia — 
there are no significant inhabited land masses outside the boundaries and close to them. Furthermore, both 
the eastern and the western boundaries generally run in a north-south direction. As a result, the interaction 
between the broadcasting-satellite service of Region 2 and the services operating in the same frequency 
bands in Regions 1 and 3 are comparatively weak. These interactions are discussed in greater detail iit 
Report 809.

10.2.2 Division into sub-regions

It may be possible for orbit-planning purposes to think of Region 2 as consisting of three 
sub-regions: South, Central and North America. Greenland, which is part o f Region 2, is not formally a 
part of N orth America, but geographically it is an appendage thereof.

One feature of this division is the relatively weak interaction between North and South America. 
Their exact separation in terms of beamwidths depends, o f course, on the size of the service areas chosen, 
particularly in the larger countries that are likely to be covered by more than one service area. But for 
most o f the likely choices, the only service areas of North and South America that are not separated from 
each other by at least 1.6 beamwidths are Mexico in the north and Colom bia and Venezuela in the south.

There are, however, strong interactions between Central America (which is taken here to include 
the Carribbean Islands) and North America, and between Central America and South America. One 
im portant fact is that although the sizes of the service areas in Central America are small, their number is 
relatively large. This had to be taken into account during planning. ,

10.2.3 Consequences

The above geographical characteristics can be used to advantage in increasing the spectrum-orbit 
utilization of the 12 GHz broadcasting-satellite Plan for Region 2. In particular, two co-channel satellites 
serving areas of North and South America respectively can be placed quite close in the geostationary- 
satellite orbit. In the limit, when the satellites serve areas at least five to eight beamwidths apart (possibly 
less if shaped beams are used), with the larger service area used as a basis, they can be collocated. When 
the satellites serve areas less widely separated, such as the case when one satellite serves Central America 
and the other serves either North America or South America, somewhat larger separations are required, 
but still less than would be required for adjacent service areas.

A discussion of geographic factors relevant to planning may also be found in Report 453, § 10.4.

11. Planning considerations fo r other bands in which the broadcasting-satellite service has an allocation

11.1 Introduction

The other bands in which the broadcasting-satellite service has an allocation are from 620 to 790 MHz, 
from 2500 to 2690 MHz, from 22.5 to 23 GHz, from 40.5 to 42.5 GHz, and from 84 to 86 GHz. Very little is 
known about planning for the 23, 42 and 85 GHz bands except that phenom ena associated with propagation 
through the atmosphere will be of major importance.
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Under the provisions of the Radio Regulations, the use of the 2.6 GHz band for satellite broadcasting is 
limited to national and regional systems for community reception (see No. 757 of the Radio Regulations).

In this Report, the results of a study [CCIR, 1970-74a] for community reception are included in Table II.

11.2 2.6 GHz systems*

T A B L E  II

Protection Satellite
Svstem Frequency Bandwidth ratio spacing Receiving

(GHz) (MHz) (dB) (degrees) pattern

I 2.6 22 30 4 A
2 2.6 22 33 2.8 B

Pattern A: AC = 10 5 +  25 log (9/90) dB
Pattern B: AC = the smaller of: 10 log [1 + (29/90)<SjV-9] or

3 + 10 log [80JV + (29/90)*] dB 
where: AC is the on-axis gain minus the gain at angle 9.

AC <40 dB for both patterns,
and N is the exponential rate of decay as a function of the angle of the envelope of the side lobe; 
for example N = 2 for individual reception and N = 2.5 for community reception.

11.3 700 MHz systems *

With regard to the efficient utilization of the geostationary-satellite orbit, studies indicate that for the 
broadcasting-satellite television service operating at frequencies around 700 MHz, the following criteria are 
appropriate for frequency modulation, assuming a peak-to-peak deviation of 8 to 16 MHz:

11.3.1 For frequency sharing between areas which do not overlap and which are served from the same 
geostationary orbital position, the total discrimination necessary to provide the required protection ratio 
must be achieved by side-lobe reduction of the transmitting antennas. In general, this would require a 
minimum separation o f the service areas approximately as great as that corresponding to the first 
minimum of the transmitting antenna pattern. The use of orthogonal circular polarizations could help in 
the case of more closely spaced service areas.

11.3.2 For transmitters which share the same frequency channel and are located at different orbital 
positions, a useful minimum separation may be approximately that which corresponds to the angle 
between the axis of the main beam and the first minimum of the receiving antenna pattern; assumed to be 
the same for all receiving installations. The transmitting and receiving antennas must together provide 
sufficient discrimination to achieve the required protection ratio.

11.3.3 To keep propagation effects small and to conserve the geostationary orbital positions available, a 
broadcasting-satellite longitude should be within about 45° of the mid-longitude of its service area. 
Consideration should also be given to the sharing conditions with terrestrial television broadcasting 
services when determining the actual satellite position relative to the service area mid-longitude.

A study of the number of frequency channels required to provide services to each of about thirty 
countries has been made [CCIR, 1970-74b] and the results are shown in Fig. 9. A receiving antenna for 
community reception was assumed. These are provisional results for a single example and further study is 
required.

* As this band is shared with other services, many of which are already implemented in the countries of some 
administrations, attempts to plan these bands may encounter substantial practical difficulty involving sharing, in the case of 
existing equipment operating in accordance with the relevant assignments.
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. Carrier-to-tnterference ratio (protection ratio) at the fringe of the service area (dB)
FIGURE 9 — Number o f radio-frequency channels required to provide one national programme 

to about thirty countries o f a continent as a function o f the carrier-to-interference ratio

(Example for a region typical of the East Asian area)

Frequency: 700 MHz, community reception
Diameter of ground receiving antenna: approx. 3.5 m (beamwidth, 8°)
Satellite at longitude of target area 
Beamwidth of satellite antenna cp: 7° >  cp s* 3°

12. Spacecraft service functions

According to the Radio Regulations, spacecraft service functions such as telemetry, tracking and command 
(TTC) should be accommodated within the frequency bands of the service in which the space station is operating.
These functions can be summarized for the space-to-Earth direction as follows:
— telemetry: continuous low data rate transm ission;
— ranging: non-continuous tone or code ranging;
— earth-station antenna tracking: continuous, on residual telemetry carrier o r swept carrier.

In addition to the down-link spacecraft service function signals summarized above, up-link service
functions should also be accommodated. These include:
— telecommand,
— tracking (ranging),
— execute commands (after verification),
— possible cooperative ground beacon for beam pointing.
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Telecommand and ranging are obvious requirements. Most command systems require a two-step process 
for command execution; the telecommand is transmitted back to the ground equipment for verification via the 
telemetry channel, and then executed by means of a separate execute command from the ground. The beacon 
could be received by an RF sensor on the spacecraft, and used to improve the pointing accuracy of the spacecraft 
down-link antenna.

When collocated satellites are clustered in a single orbital location, it is often necessary that they be 
commanded by different users or administrations. In such cases, interference with video signals may be produced 
due to multiple command signals occupying a single non-linear satellite channel. A study [CCIR, 1978-82c] shows 
that channel non-linearities, due primarily to TWTAs, create intermodulation products from multiple tele­
command signals which cause interference in channels adjacent to the guard bands. This study is summarized 
briefly in § 6 o f the Annex to Report 634.

Further discussion of TTC functions may be found in Report 1076.
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REPORT 811-2

B RO A D C A ST IN G -SA T E LL IT E  SERV ICE 

Planning elements including those used in the establishment 
of P lans of frequency assignments and orbital positions 

fo r the broadcasting-satellite service in the 12 G H z band

(Question 1/10 and 11, Study Programme 1A/10 and 11)
(1978-1982-1986)

I. Introduction

The first step in establishing a plan of frequency assignments and orbital positions for the broadcasting- 
satellite service is to select various system characteristics in the light of their implications for planning. This 
Report considers the fullest possible list of such characteristics which served as bases for the Plans in the band
II.7  to 12.5 GHz in Region 1, in the band 11.7 to 12.2 GHz in Region 3, and in the band 12.2 to 12.7 GHz in 
Region 2.
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The planning elements used in the development of plans depend to a large extent on the am ount o f detail 
desired in the plans. However, it must be remembered that, in order to establish the workability of a plan, it must 
be tested by computer analysis. Although there are other factors that bear significantly on the operational 
workability of a plan, its technical feasibility depends mainly on meeting the agreed interference criteria for all
systems that are part of the plan. Therefore, the tests must include the com putation of interference from all
sources, and this requires the use of specific values for all parameters that are relevant to this computation. When 
the plan allows ranges of values for some parameters, the values leading to the generation of the greatest
interference and to the greatest vulnerability to interference should be used in the tests. These values cannot
always be predicted and must be determined by the tests themselves. Because of the extremely large number of 
parameter combinations that would have to be tested, such exhaustive tests are, in general, impractical. This limits 
the number of parameters for which ranges can be allowed. The RARC SAT-83 recognized this difficulty and 
explicitly incorporated the stipulation that parameter values different from the ones specified may be used 
provided that the systems using them create no more interference than they would if they used the specified 
values.

Table I is a summary of the planning elements used in the establishment of the broadcasting-satellite 
service Plans for Regions 1 and 3 at the WARC-BS-77 and for Region 2 at the RARC SAT-83. The following 
sections provide additional details on some of the elements contained in this table.

2. Planning elements

3. System characteristics

3.1 Polarization

Circular polarization was adopted for the planning of the broadcasting-satellite service down links by both 
the WARC-BS-77 and the RARC SAT-83. The technical factors affecting the choice of polarization are treated in 
Report 814, and its effect on sharing is treated in Reports 809 and 631.

3.2 Angle o f  elevation

The satellite position, and so the angle of elevation of the satellite in the service area, should be chosen 
such that the weight and cost of the satellite which provides an acceptable signal strength during rain conditions is 
minimized, subject to the constraint that the angle of elevation throughout the service area is large enough so that 
the shadowing due to buildings, trees and surrounding terrain is not severe, and so that tropospheric fading and 
m ultipath effects do not become a dom inant factor.

In addition, consideration of eclipse protection will affect the choice of satellite orbital position. In 
general, satellites are located west of their service areas in order to assure that the onset of eclipse is after the local 
midnight of that service area.

For coverage zones located in latitudes above 60°, the angle of elevation is bound to be less than 20°. In 
favourable terrain conditions almost normal service might be provided with angles of elevation as low as 10°. 
Special measures are needed, however, if service is planned to be extended under this angle or to areas with a less 
favourable terrain. For mountainous areas even an angle of elevation of 20° may be insufficient. In the Alpine 
valleys, for example, which are deep and populated, an angle of at least 30° may be essential to provide an 
acceptable service.

Subject to these constraints, the choice of the angle of elevation to the satellite to minimize weight and cost 
of most satellites is equivalent to the choice of angle of elevation to minimize tube output powers. In this 
minimization the following factors should be considered:

— the rain attenuation,

— the variation in antenna gain with the solid angle subtended at the satellite by the specified coverage area,

— the variation in total system noise temperature (including the effect of rain-induced fading),

— the variation in propagation path length.

The above factors plus the gain of the receive terminal determine the carrier-to-noise temperature ( C / T ) 
achievable for a given satellite transm itter power. Therefore to minimize the required satellite power for a given 
receiver G / T  the satellite position could be chosen to maximize C/T.

A general formulation of the problem of determining the optimum longitudinal location of a geostationary
communications satellite for a specified beam coverage region is described in [Sinha, 1982].
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TABL E I — S u m m ary  o f  plann ing elem ents

BSS down links Regions 1 and 3 (') Region 2 (')

Propagation model Annex 5, § 2 Annex 5, § 2

Modulation FM or equivalent FM or equivalent

Polarization Circular Circular

C /N  (dB)

. /

14 (exceeded for 99% of worst month) 14 (exceeded for 99% of worst 
month)

Protection ratio (dB) Co-channel: 31 
Adjacent channel: 15

Co-channel: 28 
Adjacent channel: 13.6

Channel spacing (MHz) 38.36 between second adjacent 
channels

29.16 between second adjacent 
(co-polarized) channels

Minimum receiving installation G /T  
(dB(K-')>

Individual reception: 6 
Community reception: 14

Individual reception: 10

Receiving antenna half-power 
beamwidth (degrees)

Individual reception: 2.0 
Community reception: 1.0

Individual reception: 1.7

Receiving antenna reference pattern Annex 5. § 3.7.2. Fig. 7 Annex 5, § 3.7.2, Fig. 8

Necessary bandwidth (MHz) For 625-line systems: 27 
For 525-line systems: 27

24 (for some administrations using 
625-line systems: 27)

Guard bands Lower: 14 
Upper: 11

Lower: 12 
Upper: 12

Satellite station-keeping (degrees) ± 0.1 for both N-S and E-W ±  0.1 for both N-S (2) and E-W

Minimum elevation angle (degrees) 20-40; < 20 acceptable for arid and 
high latitude areas

20-40; < 20 acceptable for arid 
and high latitude areas

Satelite transmitting beam 
cross-section

Elliptical or circular Elliptical or circular

Satellite transmitting antenna reference 
pattern

Annex 5, § 3.13.3, Fig. 9 Annex 5, § 3.13.3, Figs. 10 and 11

Satellite antenna pointing accuracy 
(degrees)

0.1 from boresight 
±  2 in rotation about axis

0.1 from boresight 
±  1 in rotation about axis

Satellite transmitter power tolerance 
(dB)

0.25 above nominal 0.25 above nominal

PFD at edge o f coverage area 
(exceeded for 99% of worst month) 
(dB(W /m :))

Individual reception: —103 
Community reception: —111

Individual reception: —107

Ratio of e.i.r.p. at beam centre to 
e.i.r.p. at edge of coverage area (dB)

< 3 <  3

Use of energy dispersal (dB /4 kHz) 22 0) 22 (2)

(') References are to Appendix 30 (ORB-85) of the Final Acts of the WARC ORB-85.

(2) Recommended but not required in the N-S direction for Region 2.

(J) Corresponds to a peak-to-peak deviation of 600 kHz.

The im portant conclusion from this analysis is that a broad range of elevation angles can be used with
only a minor variation in C / T  under all climatic conditions. Even though there is an “optim um ” satellite location,
depending upon the specific system characteristics and the shape and orientation of the service area, the actual 
variation in C / T  with elevation angle is generally quite small, of the order of a few tenths of a dB down to 
elevation angles as low as 20°.

3.3 Service quality and availability objectives

It is considered that planning should be on the basis of achieving the following carrier-to-noise ratio 
objectives at the edge of the service area:
a) 14 dB exceeded for 99% of the worst month;
b) 10 dB exceeded for 99.9% of the worst month.
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The preferred figure of merit G /T  (with T  in K.) depends on both economic and technical factors. The 
value may be considered to range from 4 dB (K -1) to 12 dB (K _l) for individual reception, and from 8 dB(K.~’) to 
24 dB (K - ') for community reception, the most economic value depending on the size of the service area and, in 
particular, on density of receivers within that service area. The WARC-BS-77 adopted values of 6 dB (K _l) for 
individual reception and 14 dB (K -1) for community reception for planning purposes. The RARC SAT-83 adopted 
a value of 10 dB (K _l) for planning purposes.

Note. — The definition of G /T  should be that given in Report 473 as “usable G / T " .

3.4 Figure of merit and type of receiver

3.5 Satellite transmit antenna beams

For planning purposes, it has been convenient to deal only with beams of elliptical or circular 
cross-sections. However, [CCIR, 1978-82] indicates that more efficient plans may be possible if shaped beams 
could be incorporated into the planning process since, in the implementation of actual systems, it may be possible 
to use shaped beams that conform to the actual service areas, which may be of irregular shapes, much better than 
simple ellipses or circles. This would tend to lower the power required to produce a given power flux-density 
within the service area and, at the same time, reduce the power flux-density produced outside the service area, 
thus reducing the interference produced. Shaped beam antennas have been used on Intelsat IV-A, the Japanese 
communications satellite (CS) and broadcasting satellite (BSE) and are planned for, among others, Intelsat V. The 
level of sidelobe protection that can be obtained with shaped beams requires further study.

A further stage of optimization, which can be used to advantage where necessary, can reduce the spread of 
power flux-density by reducing the constant gain contour in such a way that the minimum required signal power 
is met or exceeded at each vertex of the polygon defining the required service area for the given climatic 
conditions or elevation angles. In effect this further stage of beam optimization approxim ates a constant minimum 
pfd contour to cover the service area rather than a constant e.i.r.p. contour. It should be noted that, in general, the 
minimum pfd contour is not an ellipse and will exhibit discontinuities at the climatic zone boundaries.

Launch vehicle payload envelope and other technological constraints on the antenna result in a minimum 
beamwidth for planning purposes. At the WARC-BS-77 the value used was 0.6°. Based on more recent antenna 
and launch vehicle analyses, a value o f 0.8° was used for planning at the RARC SAT-83.

3.6 Antenna gain at edge o f  coverage area

The difference between the satellite antenna gain value towards the centre of the coverage area and the
value towards the edge of the coverage area is termed A G. Normally, the antenna gain is assumed to be 3 dB
below the maximum at the edge of the coverage area, i.e., A G =  3 dB.

For a given coverage area, a value for A G can be selected between 3 and 6 dB. The maximum antenna
gain is therefore modified, but the satellite’s transmission power remains more or less constant.

The theoretically optimum value o f A G is usually about 4 dB. Some different considerations apply to the 
case of small service areas which would require a beam smaller than that corresponding to the maximum 
practicable size of the transmitting antenna. In these cases, the optimum value o f A G is less than 4 dB.

3.7 Minimum channel spacing and satellite output multiplexer losses

In deriving a broadcasting-satellite plan, the required usable bandw idth o f a given RF channel should be 
determined. Based on this value, the minimum spacing between adjacent-channel centre frequencies in a given 
service area should be determined. This value is determined primarily by the design o f the spacecraft multiplexers 
and filters and the design of Filters and image rejection techniques in the earth stations.

Some studies based on an orbital spacing between satellites o f the order o f 7.5° to 10° have indicated a 
preference for 20 MHz spacing between 27 MHz-wide channels. The optim um value may depend on the orbital 
spacing chosen between satellites. The WARC-BS-77 adopted a channel spacing o f 19.18 MHz with a spacing of 
6° between satellites in the Plan for Regions 1 and 3. Report 634 gives values for protection ratios for different 
channel spacings. The RARC SAT-83 did not adopt a regular orbital spacing scheme for Region 2.
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When a number of radio-frequency channels are to be multiplexed to feed a common satellite antenna, the 
following constraints arise from implementation of present-day technology:

— a spacing of more than 52 MHz between any two channels assigned to a country would not cause any 
technical problems;

— a spacing of approximately 40 MHz would be feasible, providing power levels were not excessive;

— a spacing of less than approxim ately 40 MHz would not be feasible.

The spacing between the assigned frequencies of two channels being transmitted to the same service area 
can be smaller than 40 MHz when that area is served from multiple (clustered) satellites at the same orbital 
position or from a large satellite with multiple antennas. The spacing would then be limited by the receiver 
characteristics.

3.8 Variations in output power

Owing to the tolerances in the output powers of satellite travelling wave tubes, the nominal output power 
at the start of service may be 0.4 dB above the design value.

This output power can be expected to decrease by 0.1 dB yearly, according to the experience of the 
European Space Agency. Thus, there will be a loss o f 0.6 dB after 6 years. Taking account o f this loss, and 
allowing for the 0.4 dB tolerance referred to above, the travelling wave tube may give a power 1 dB higher than 
the planned value at the start of service. This value of 1 dB is termed the operating power margin.

The Final Acts both of the WARC-BS-77 and of the RARC SAT-83 state that the output power of a space 
station in the broadcasting-satellite service must not rise by more than 0.25 dB above its nominal value throughout 
the life of the satellite.

3.9 Pointing accuracy o f  the antenna beam

With the present state o f the art for controlling pitch and roll error o f a spacecraft, the boresight error
circle of the transmitting antenna should be capable of being maintained within 0.2°.

With the introduction of improved systems (e.g., radio-frequency sensing: see § 4.4, Doc. [CCIR, 1974-78a]) 
this radius could be reduced to 0.1°.

Studies performed in the USA [CCIR, 1974-78b] and Europe [ESA/SBAG, 1976] indicate that eventually
an accuracy of 0.05° can be achieved for a significant and predictable portion of the operational lifetime.

Motion around the yaw axis (the line joining the satellite and the centre of the Earth) can presently be 
stabilized within ±  1°, as has been dem onstrated with the CTS satellite. Greater accuracy is already technically 
feasible, but this would require more complex design [Redisch, 1975].

Proper consideration o f pointing accuracy is particularly im portant when irregularly shaped beams 
(see § 3.5) are used, because a mispointing condition greater than had been anticipated during the design of the 
satellite can cause a sharp drop in e.i.r.p. along virtually all of the edges o f the service area. This is because a 
shaped beam, by definition, follows closely most of the edges of the service area. In contrast, an elliptical beam 
generally comes close to the edges of the service area only at a few points so that a mispointing condition beyond 
design value may lead to a significant drop in e.i.r.p. only at a few points near the edges of the service area.

4. Power flux-density required

The power flux-density (PFD)  required for satisfactory television reception in a broadcasting-satellite 
system depends on the desired down-link carrier-to-noise ratio. C / N ( dB), the receiver figure of merit, 
G / r ( d B ( K -1)), the frequency, /(G H z )  and the receiver bandwidth, B (MHz) in the following way:

PFD =  ( C / N )  -  ( G / T )  + 20 lo g /  +  10 log B -  147.1

where PFD is the power flux-density in dB (W /m 2). Table II lists the characteristics of several representative 
receiving systems and the resulting power flux-densities. It also lists the values adopted by the WARC-BS-77 and 
the RARC SAT-83 for planning purposes.

Report 473 indicates achievable noise figures o f 4 to 5 dB for community reception and of 6 dB for 
individual reception. The values o f the required power flux-density adopted by the WARC-BS-77 are generally 
based on the receivers with relatively poorer performance, reflecting the concern with receiver cost in systems 
requiring a large number o f receivers. For many countries o f high population density, this may, in fact, represent 
an economic solution which is close to the optimum with respect to total system cost, bearing in mind that the use 
o f higher power flux-density reduces receiver cost but increases satellite cost, and vice versa. In other situations, 
the optimum system may require the use of receiving terminals whose size and perform ance is closer to the ones 
under heading “ B”. Furthermore, high power flux-densities, requiring high power emissions from the space
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station, lead to decreased spectrum-orbit capacity and thus reduce the total am ount o f services that can be 
provided in this frequency band. The economic value of these services (many not well defined at this time) cannot 
be assessed easily, and therefore some conclusions based on the economics of a particular broadcasting-satellite 
system of narrowly defined scope may not be valid when the total range of possible services is considered. There 
may be technical advantages to using higher power flux-densities in systems employing digital modulation. These 
trade-offs require further study.

The values listed in Table II are those required from the point of view of the broadcasting-satellite service; 
they do not take into account any requirements for sharing with other services operating in the band.

The requirements corresponding to a value of C / N  of 14 dB are to be met for 99% of the worst month at 
the edge of the service area. Typically, the clear weather power flux-density values will be 1 to 2 dB greater at the 
service edge (no rain attenuation) and 4 to 5 dB greater at the centre of the service area.

TA BLE 'II — Characteristics o f  representative receiving system s an d  resulting power flux-densities

T ype o f reception
'  Ind iv idua l C om m unity

A B C D A B C

H P  beam w idth  (degrees) 2.4 1.5 2.0 1.7 1.0 0.75 1.0

A nten n a  d iam . (m) 0.75 1.2 (0.9) (1.0) 1.8 2.4 (1.8)

N oise figure (dB) 6.2 3 . 7 0 (5.9) (3.9) 4.2 2.2 ( ') (4.2)

G / T {  d B ( K - ') ) ( 2) 4 12 6 10 14 20 14

O verall C / N  required  (dB) 14 14 14 14 14 14 14

Frequency b an d  (G H z) 12 12 12 12 12 12 12

B andw idth  (M H z) 18 27 27 24 (3) 18 27 27

Pow er flux-density , PFD
(d B (W /m 2)) (4) - 1 0 3 - 1 0 9 - 1 0 3 - 1 0 7 - 1 1 2 - 1 1 7 -1 1 1

( ')  In these cases the losses assum ed in the exam ple w ere reduced by 1 dB.

(2) C om p u ted  by assum ing the sam e losses an d  cond itions as in the exam ple in A nnex  I o f  R eport 473-3 (1982), except th a t an 
an te n n a  efficiency o f  55% w as used.

(3) F o r those  adm in istra tio n s using 625-line stan d ard s with g reater video b an d w ith  th an  525-line s ta n d ard s , the “necessary 
b a n d w ith ” is 27 M H z bu t the pow er flux-density  lim it rem ains at - 1 0 7  d B (W /m 2).

(4) Includes an  allow ance o f  0.5 dB for transm ission  o f  up-link  noise.

A: readily  achievable.
B: ach ievable at ad d itio n a l cost.
C : ado p ted  by the W A RC-BS-77 fo r R egions 1 and  3.
D : ad o p ted  by the R A R C  SAT-83 for R egion 2.

N um bers in paren theses were no t ado p ted  explicitly , b u t are  im plied  by adop ted  num bers.
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REPORT 814-2

FA CTO RS T O  BE C O N SID E R E D  IN T H E  C H O IC E  O F  PO LA R IZ A T IO N  
FO R PL A N N IN G  T H E  B R O A D C A STIN G -SA TELLITE SERV IC E

(Question 1/10 and 11, Study Programme 1A/10 and 11)
(1978-1982-1986)

1. Introduction

For purposes of planning the broadcasting-satellite service in the band 11.7-12.5 GHz in Region 1 and
11.7-12.2 GHz in Region 3, right- and left-hand circular polarization was adopted. Similarly, in Region 2, right- 
and left-hand circular polarization was selected for the Plan for the broadcasting-satellite service in the band
12.2-12.7 GHz as well as for the associated feeder-link Plan in the band 17.3-17.8 GHz. Furthermore, at the 
WARC ORB-85 the frequency bands 14.5-14.8 GHz (for countries outside Europe and for Malta) and 17.3­
18.1 GHz were selected for the planning of feeder links for the broadcasting-satellite service in Regions 1 and 3. It 
was assumed that circular polarization will be used for planning. Alternatively linear polarization could be used, 
subject to the agreement of all administrations sharing the given orbital position.

This Report presents a summary of the factors that were considered in making this choice, both for the 
record, and for the planning of future systems in other bands that are, or may be, allocated to the broadcasting- 
satellite service. It is also suggested that the data in this Report be periodically updated.

2. Comparison between linear and circular polarization

The comparative advantages and disadvantages of linear and circular polarization for use in the 
broadcasting-satellite service are summarized in Table I. The symbols in the last two columns of the Table indicate 
for each factor which type of polarization, linear (L) or circular (C), is considered to have the advantage. In 
evaluating these comparative advantages and disadvantages, it must o f course be recognized that the different 
factors are not all o f equal practical importance and that their relative importance is also a matter o f engineering 
judgement.

To aid in evaluating the im portance of satellite antenna orientation on the choice of polarization (item 3 in 
Table I), a short, quantitative discussion of the effects o f system geometry on linear polarization is given in 
Annex I.
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factors:
— the effect of rain attenuation and depolarization on C /N  and C /7 ;
— the effect on interference of the misalignment between the reference linear polarization vectors and of the

misalignment of earth station and satellite polarizers.

Rain affects both the C /N  and C / I  of linearly and circularly polarized waves for small percentages of 
time. On the other hand, the misalignment between linearly polarized signals of interfering networks and the 
misalignment between transmitters and receivers has:
— no effect on C /N  of linearly and circularly polarized networks,
— no effect on C /7  of circularly polarized networks.
— little effect on co-polar C / I  of linearly polarized networks, but
— has a strong effect on the cross-polar C /7  of linearly polarized networks.

This is significant since linear polarization is normally used to improve C /7  during rain but, as a 
consequence of the misalignment, it may decrease C /7  far below the maximum possible discrimination capability 
of the satellite and earth-station antennas.

It was found that even for high rainfall zones, the effect of rain on co-polar and cross-polar C /7  is small
for all but 1% of the worst month. For smaller percentages of time, the effect of rain becomes more im portant and
its effect on cross-polar C /7  depends on the type of polarization and on the reference vectors for linear
polarization.

There are two main reference systems that can be used to define linear polarization:

— canted linear polarization: Vertical polarization is defined so that the polarization vector is perpendicular to 
the satellite antenna beam axis and lies in the plane defined by the satellite antenna beam axis and the local 
vertical. Horizontal polarization is defined so that the polarization vector is perpendicular to the satellite 
antenna beam axis and is contained in the local horizontal plane. These vectors will be in the direction closest 
to the local horizontal or local vertical at the boresight of the satellite antenna;

— equatorial linear polarization: Polar polarization is defined so that the polarization vector is perpendicular to 
the satellite antenna beam axis and lies in the plane defined by the satellite antenna beam axis and a line 
parallel to the Earth’s polar axis. Equatorial polarization is defined so that the polarization vector is 
perpendicular to the satellite antenna beam axis and parallel to the equatorial plane.

In general, the better performance that would be available from linear polarization requires two conditions 
which are, in most cases, incompatible. On the one hand, the best performance of linear polarization is obtained 
when the signal is received vertically polarized. On the other hand, the orthogonally-polarized interfering signals 
must be received exactly at 90° from the wanted signal. Because of the geometry of the problem these two 
conditions cannot be met simultaneously.

A slightly better performance can be obtained with linear polarization when the reference vector is defined 
perpendicular to the equatorial plane, and if the receiver misalignment does not exceed 3° for all co-polar 
systems. This implies that the polarization is not received vertically, and therefore does not meet the first 
condition. Since this improvement is considered marginal considering the additional constraint imposed on the 
receiver polarizer alignment, circular polarization is therefore suggested for planning of the broadcasting-satellite 
service.

Information on depolarization due to rain is given in Reports 722 and 564.

The choice between linear and circular polarization for planning the BSS is governed by two m ajor

3. Experimental results

A study was performed in Canada on the choice between linear and circular polarization for the BSS
down links. The cross-polar discrimination capability of the earth-station antenna XPIES is assumed to be in the 
range of 20 to 25 dB and the XPISAT of the satellite antenna in the range of 27 to 33 dB for both linear and 
circular polarization.

The effect of rain attenuation and depolarization on the down link C /7  has been studied for rain climatic 
zones E, K and N using the rain model of Report 564. The results have shown that for all but 1% of the worst 
month, the effect of rain attenuation and depolarization on co-polar and cross-polar C /7  is very small. For
smaller percentages of time, the effect of rain attenuation and depolarization on cross-polar C / 7 depends on the
type o f polarization and on the reference vectors for linear polarization. Figure 1 gives the results of the 
availability of cross-polar C / 7 between homogeneous satellite down-link beams (2° diameter) using canted linear 
or equatorial linear or circular polarization.
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TABLE I — Some aspects o f linear as compared with circular polarization

Factor Remarks Advantage (*)

1. Alignment of receiving 
antenna

2. Effect of misalignment on 
cross-polarization

3. Orientation of satellite 
antenna

4. Sharing with other 
services

5. Propagation effects

Alignment of the polarization direction is not necessary for circular 
polarization

Misalignment of polarization direction of both transmitting and receiv­
ing antennae required with linear polarization, 2 to 4 dB extra cross- 
polar protection margins in comparison with circular polarization

With linear polarization, the plane of polarization will not in general 
correspond to the major or minor axes of a beam with elliptical cross­
section; therefore:
(a) it may be difficult to produce a good cross-polar response with linear 
polarization (in particular for elliptical beams)
(b) transfer to a spare satellite at a different orbital position would 
probably be more difficult with linear polarization because of the need 
to realign the polarization plane
(a) If circular polarization is chosen for the broadcasting-satellite service 
and other services use linear polarization, 3 dB protection between these 
services and the broadcasting-satellite service is assured
(b) If both the broadcasting-satellite and other services, e.g., fixed- 
satellite and terrestrial services, use linear polarization, then in isolated 
cases, where the dominant interference arrives near the main beam of a 
receiving antenna, it may be possible to increase the isolation by the use 
of orthogonal polarization

Circular polarization is more affected by atmospheric conditions than 
linear polarization for high rainfall rates (greater than 12.5 mm/hour) 
and low angles of arrival

For example, the cross-polar attenuation may be 20 dB for 1 °7o of the 
time with circular polarization according to some measurements in Swit­
zerland [CCIR, 1974-78]. This disadvantage of circular polarization may 
not be significant if compared with linear polarization transmission on 
or near a 45° plane [Shkarofski and Moody, 1976]

(') C: circular L::linear

The elevation angle to the satellite is 25° and the earth-station antenna is assumed to be perfectly pointed 
to the satellite and aligned to the wanted polarization. However, when the polarization misalignment, BR, is 0.1° 
for equatorial linear polarization and 10.3° for canted linear polarization, the corresponding tilt angles for the 
wanted and interfering beams are around 5° and 10° respectively for canted linear polarization and for equatorial 
linear polarization.

The figure shows that for 1 dB attenuation, the cross-polar C / I  is 19.5 dB for circular polarization and 
for equatorial linear polarization. However, for canted linear polarization, the 10.3° misalignment, BR, decreases 
the cross-polar C /7  to 13.5 dB for 1 dB rain attenuation.
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For larger values of rain attenuation, the C / l  is governed by the differential attenuation between linear 
horizontal and vertical polarization and by depolarization. Canted vertical polarization is the least attenuated and 
therefore can surpass the C / l  performance of horizontal equatorial, circular and even vertical equatorial 
polarization. However, these change-overs in cross-polar C / I  performance generally occur for very small 
percentages of time when the signal attenuation is excessive (greater than 10 dB).

Attenuation for circular polarization (dB)

FIGURE 1 -  Availability o f  cross-polar C /l at edge o f  coverage area 
between co-located satellites serving adjacent beam areas.

(The antennas are assumed to be perfectly aligned.)

12 GHz down links 
Co-located satellites 
Satellite antenna beam size: 2°
Elevation angle: 25°
XPIES = +20 dB 
X P Isa t  = +33 dB

If we then ignore the effect of rain at 12 GHz on C/ l ,  the effect o f the total misalignment between 
linearly polarized networks, BT, on the clear-sky C / l  is illustrated in Fig. 2 and is compared to the performance 
of circular polarization. The Figure shows the rapid decrease of the clear sky cross-polar C / I  with the 
misalignment between linear polarizations. Circularly polarized receive antennas with 20 and 25 dB XPI  give 
higher cross-polar C /7  than linearly polarized antennas for any misalignment greater than 5° and 2° respectively. 
The Figure also shows some typical values of total misalignment, B r , assuming a satellite antenna rotation error 
B$ =  ± 1 °  and an earth-station alignment error BES =  ±  5° for both equatorial and canted linear polarization. 
It would appear difFicult to align and maintain the polarizers of millions of low-cost receive antennas to better 
than ±  5° of the wanted polarization.

The maximum 5° total misalignment may give a higher cross-polar C /7  with linear polarization than with 
circular polarization depending on the discrimination capabilities of the antenna. A maximum of 5° misalignment 
can only be achieved with equatorial linear polarization when it is possible to align and m aintain the polarizer o f 
the receiver to within about 3° o f the wanted polarization. The use of canted linear polarization with typical 
minimum value of misalignment, BR, o f 4° would, in the majority of cases, give worse C / l  than circular 
polarization.
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Total misalignment betw een linear polarization

FIGURE 2 -  Clear sky cross-polar C/I between adjacent satellite beams 
transmitted from  a satellite to an earth station located a t the common po in t o f  the - 3  dB contours 

(The best case o f equatorial linear and circular polarization and the worst case o f canted linear polarization are illustrated)

R E F E R E N C E S

SH K A R O FSK .I, I. P. and  M O O D Y , H. J. [Septem ber, 1976] Perform ance characteristics o f  an ten n as for direct b roadcasting  
satellite systems including effects o f  rain  depolarization . RCA Rev., Vol. 37, 3, 279-319.

CC IR Documents 

[1974-78]: 9 /2 4 8  (Sw itzerland).

• ANNEX I

E FFE C T S O F  SY STEM  G E O M E T R Y  O N  L IN E A R  P O L A R IZ A T IO N

For linear polarization, the received angle of polarization will vary as a function of the latitude and 
longitude of the ground receiving terminal relative to the sub-satellite longitude. The reason for this is the 
variation in orientation of the reference system (the local horizontal and vertical) with relative geographic location.
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The angle of polarization of the incident linearly polarized wave, assuming the polarization vector of the 
transmitted wave is parallel to the equatorial plane, is given bv (ignoring Faradav rotation which is negligible at
12 GHzi: “ ' '

= arc tan |(sin  AX/tan vp) v 'l +  [sin 0/(0 - c o s  9)]2

where:

6, :  angle of polarization of the incident wave measured from the line of intersection o f the local
horizontal plane and the piane perpendicular to the line of sight to the satellite at the ground 
receiving terminal.

A a : relative longitude of the receiving ground terminal,

0 : earth central angle between the sub-satellite point and the receiving ground terminal
(0 = arc cos (cos AX cos ip]), and

|3 : 6.62 (the radius of the geostationary orbit divided by the radius of the earth).

‘ This variation of the polarization angle is illustrated in Fig. 3 for various latitudes and relative longitudes. 
The angle. G?, is given by the angle that the small vector makes with the AX axis. Contours for angles of elevation 
of 0° and 20° are also shown.

90°

80°

70°

60°
Ji•U

9-
■S* 40°

-  30°

20 °

1 0 °

0°
0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

Relative longitude, AX (degrees)

FIGURE 3 -  Variation o f received angle o f polarization on the Earth 

es: angle of elevation

The angle of polarization is seen to vary over a large range with geographical location. Consequently, it 
seems to be impractical to adjust the polarization of the transm itted wave to insure that it would be received 
horizontally at all points in the service area.

Because o f this variation in the angle of polarization with latitude and relative longitude, the simple choice 
of horizontal polarization (the polarization vector parallel to the equatorial plane) for the space station in the 
broadcasting-satellite service will not insure that it will be received orthogonally to the desired polarization vector 
(usually vertical) in terrestrial systems.
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REPORT 9 5 2 -2 *

TECHNICAL CHARACTERISTICS OF FEEDER LINKS 
TO BROADCASTING SATELLITES

Elements required for the establishment of plans of frequency 
assignments andiorbital positions for the broadcasting-satellite service 

and the associated feeder links Sharing in the feeder-link bands
( Q u e s t io n  1 /1 0  a n d  1 1 , S tu d y  P rogram m es IB /1 0  a n d  1 1 , 2 J /1 0  a n d  11)

( 1 9 8 2 -1 9 8 6 -1 9 9 0 )
1. Introduction

The p u rp o s e  o f  t h i s  r e p o r t  i s  t o  d e a l  w i th  th e  t e c h n i c a l  c h a r a c t e r i s t i c s  
a n d  o p e r a t i o n a l  c o n s t r a i n t s  f o r  th e  f e e d e r  l i n k s  t o  b r o a d c a s t i n g  s a t e l l i t e s .

T h is  r e p o r t  e x a m in e s  e x c l u s i v e l y  t h e  f e e d e r  l i n k s  f o r  12 GHz b r o a d c a s t i n g  
s a t e l l i t e s ,  s i n c e  f e e d e r  l i n k  P la n s  f o r  t h e  12 GHz b r o a d c a s t i n g  s a t e l l i t e  a r e  
e s t a b l i s h e d  ( s e e  § 2) a n d  v e r y  l i t t l e  i s  known a b o u t  th e  p ro b le m  r e l a t e d  to  
f e e d e r  l i n k s  f o r  b r o a d c a s t i n g  s a t e l l i t e s  o p e r a t i n g  a t  f r e q u e n c i e s  o t h e r  th a n  
12 GHz.

2. Frequency-band allocations

The WARC-79 considered the problem of frequency-band allocations for the feeder links to the 
broadcasting satellites operating in the 12 GHz band. Certain frequency bands were allocated for this purpose to 
the fixed-satellite service (Earth-to-space), but limited for the feeder links to the broadcasting satellites. These are:

10.7-11.7 GHz : in Region 1 only, shared with the fixed service, the fixed-satellite service (space-to-Earth)
and the mobile service (except aeronautical);

14.5-14.8 GHz : shared with the fixed and mobile services. This use is reserved for countries outside 
Europe and for Malta;

17.3-18.1 GHz : the upper half of this band is shared by the fixed and mobile services and the
fixed-satellite service (space-to-Earth).

The WARC ORB-85 selected the frequency bands 17.3-18.1 GHz and 14.5-14.8 GHz (for countries outside 
Europe and for Malta) for feeder-link assignment planning in Regions 1 and 3. It decided not to use the 
frequency band 10.7-11.7 GHz for the feeder-link assignment Plan.

A Plan for feeder links to Region 2 broadcasting satellites was developed for the 17.3-17.8 GHz band at 
the RARC SAT-83.

A P la n  f o r  f e e d e r  l i n k s  to  R e g io n s  1 an d  3 b r o a d c a s t i n g  s a t e l l i t e s  was 
d e v e lo p e d  i n  t h e  f r e q u e n c y  b a n d s  1 4 .5  - 1 4 .8  GHz a n d  1 7 .3  - 1 8 .1  GHz a t  th e  .
WARC ORB(8 8 )  C o n fe re n c e .  The 1 4 .5  - 1 4 .8  GHz b a n d  was u s e d  f o r  c e r t a i n  c o u n t r i e s  
o u t s i d e  E u ro p e .

This R eport shou ld  be b rought to  the a tten tion  o f  S tudy G ro u p s 4 and  9.
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3.1 General

A feeder link for broadcasting satellites comprises the following elements:

-  the earth transmitting station characterized by the radiation characteristics o f the antenna and the transm it 
power;

-  the link from the earth station to the satellite mainly characterized by the propagation conditions through the 
atmosphere;

-  the satellite receiving antenna with a certain radiation characteristic and the satellite receiver of a certain 
sensitivity (noise figure).

The characteristics of these elements and particular constraints, where relevant, are discussed in § 5 to 9, 
while further general system considerations are summarized below.

In some cases, broadcasting satellites will have a single, primary feeder-link earth station for each set of 
down links within a single service area. In other cases, it may be desirable to allow for the location of feeder-link 
earth stations anywhere within a predetermined feeder-link service area. Such feeder links will normally employ a 
primary earth station with a comparatively large antenna and high transm it power. This specificity as to the 
“primary earth station” was not considered in the planning of the feeder links in Region 2. Small fixed and 
transportable earth stations providing a direct connection to an experimental satellite have already been used and 
their number can be expected to increase as the broadcasting-satellite service develops [CCIR, 1978-82a].

Recognizing that the service quality objectives of these small earth stations could be less than those of the 
primary stations, their use should be taken into account to the maximum extent possible.

Feeder links may affect the planning of the broadcasting-satellite service for several reasons:

-  the noise and interference present in the feeder link will be retransmitted on the down link and may 
constitute a non-negligible part o f the total down-link noise and interference; in this context, it may be 
desirable to plan both the feeder-link and the down-link channel assignments at the same time so as to meet 
the required protection ratio for a desired service quality. This may be done in two ways, by planning the 
feeder links and the down links sequentially or simultaneously, as described in Report 633;

-  the feeder link may require coordination with satellite systems operating in the feeder-link frequency band 
and may, therefore, impose additional restrictions on the orbital positions of the broadcasting satellites;

-  feeder links may require coordination with terrestrial systems;

-  the feeder-link and the down-link service areas may not be coincident in some cases. For example, an 
adm inistration whose territory spans several time zones may find it desirable to serve each time zone from a 
different orbital location to obtain better eclipse protection, and at the same time to be able to access each 
satellite from any point within its territory that has an adequate elevation angle;

-  it may be desirable that feeder links operate from a considerable number of small or fixed transportable earth 
stations located at any point within the service area or, even in some cases, outside the service area.

The total bandwidth requirements for feeder links could be reduced by exploiting the greater directivity of 
the earth station transmitting antenna by using polarization discrimination and possibly by employing more 
advantageous methods of modulation. However, small fixed or transportable feeder-link earth stations have 
limited antenna directivity.

For maximum flexibility in the positioning of satellites, the same or a greater bandwidth may be required 
for feeder links than for down links. Consequently, since bandwidth is limited, maximum flexibility may not be 
realizable.

For the period during which broadcasting satellites will be introduced, the viability of the broadcasting- 
satellite service is particularly vulnerable to high costs. Thus, any method for reducing feeder-link bandwidth or 
saving orbit must not entail such high cost as potentially to make the broadcasting-satellite service not viable. Cost 
should be acceptable and, accordingly, it forms another constraint. The bandwidth-reduction techniques listed in 
Report 561 should be looked at under this light.

3. System design and technical characteristics
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The WARC-BS-77 adopted for the purposes of planning a maximum reduction of 0.5 dB of the overall 
carrier-to-noise ratio, to represent the contribution of the feeder link to that ratio for 99% of the worst month. 
That corresponds to a difference of about 10 dB (see Report 215) between the carrier-to-noise ratios of the down 
links and feeder links. '

According to an EBU study [CCIR, 1978-82b], the contribution of the noise resulting from the feeder link 
may be rendered negligible by adopting a relatively small margin in the carrier-to-noise ratio of the down link, 
This study considered the case of automatic gain control in the satellite and was based on a statistical analysis of 
the attenuations on the feeder link and down link. The probability of having an overall carrier-to-noise ratio less 
than a given value is expressed by a general formula given in [CCIR, 1978-82b].

Numerical applications have been made assuming that the attenuations (in dB) follow a log-normal 
relationship for which the parameters fit measurements made in Europe. It is seen, first, that the results obtained 
assuming either total correlation or total independence between feeder-link and down-link fadings, are more or 
less identical. The influence of a margin of 0.5 dB on the down link, however, is crucial. The improvement due to 
this margin is better than that obtained by dimensioning the C /N  ratio of the feeder link for 99.9% of the worst 
month instead of for 99%. Hence, if we take a down-link C /N  ratio of 14 dB for 99% of the worst month, the 
noise contribution from the feeder link to the overall circuit makes the overall link C /N  drop below 14 dB 50% to 
10% more often (depending on whether the feeder link is dimensioned to give a C /N  ratio of 24 dB for 99% or 
99.9% of the worst month). If account is taken of the 0.5 dB margin on the down link, the percentage of the time 
during which the overall C /N  drops below 14 dB, including the noise contribution of the feeder link, is still 
smaller than the specified 1% of the worst month in both cases.

This result confirms the suitability of the choice, made by the WARC-BS-77, to take account of the feeder 
link by means of such a margin, even at frequencies of the order of 18 GHz.

Similar studies were conducted in Canada on the effects of rain attenuation and satellite transponder 
characteristics as related to the partitioning of the noise contributions on the feeder links and down links in a 
broadcasting-satellite service [CCIR, 1978-82c].

Some of the results can be found in Fig. 1, where the same assumptions as in the above-mentioned study 
were made. The curves in this figure represent the degradation of the down-link C /N  due to the noise 
contribution from the feeder link, ( C / N d -  C / N, )  as a function of the difference between the C / A o f  the feeder 
link and the C / N  of the down link ( C / Nu — C / N d). Full correlation and independence of the fadings on both 
links are illustrated. All C / N  values are specified for 99% of the worst month.

Partitioning of noise need not be specified as a planning element for Region 2 because the overall 
carrier-to-noise ratio is the applicable criterion when planning feeder links and down links at the same time. 
However, some assumption of noise partitioning is required in order to determine feeder-link characteristics, such 
as e.i.r.p. needed to satisfy broadcasting-satellite service requirements.

As a  g u id a n c e  t o  t h e  d e v e lo p m e n t o f  t h e  P la n s  f o r  R e g io n  2 an d  R e g io n s
1 a n d  3 , t h e  n o i s e  c o n t r i b u t i o n  o f  t h e  f e e d e r  l i n k  t o  t h e  o v e r a l l  l i n k  was
assu m e d  n o t  t o  e x c e e d  0 .5  dB f o r  99% o f  t h e  w o r s t  m o n th .

3.3 Feeder-link carrier-to-noise ratio

Assuming that there is no transponder output back-off, a 0.5 dB noise contribution of the feeder link to 
the overall link requires that:

( C / N ) u =  ( C / N ) d +  10 dB (1)

is exceeded for 99% of the worst month. Under clear-sky conditions, the ( C /  N ) u is then:

3.2 Partitioning of noise between feeder links and down links

( C / N ) u =  (C7 N ) d +  10 +  LAt, dB (2)
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where: ,
( C / N ) u : feeder-link carrier-to-noise ratio,
( C / N ) d : down-link carrier-to-noise ratio, and
LAi, : feeder-link rain attenuation exceeded for 1% of the worst month.
A margin of 1 dB is also needed for planning purposes for possible mispointing of the earth-station 

transmitting antenna.
Furthermore, the high-power, non-linear amplifier of the repeater introduces, on account of its A M /PM

conversion factor, a degradation by the thermal noise in the demodulated signal. The impairment caused to the
frequency demodulated signal by the A M /PM  phenomenon is given by:

_  a + I
D = --------  ' (3)

1 + /  v '

where:

D : decrease in post detection signal-to-noise ratio ( S / N )  (see Fig. 2) due to increase in post-detection 
noise in the presence of A M /PM  conversion.

/  =  ( C / N ) u/ ( C / N ) d

|  — j (for frequency modulation).a  = 1 +
. 6.6

K : A M /PM  conversion factor.

K i s  o f  t h e  o r d e r  o f  5 t o  6 d e g r e e s /d B  w i th  p r e s e n t - d a y  a m p l i f i e r  
t e c h n o lo g y .  T h is  g iv e s  a  v a lu e  f o r  a  i n  t h e  r e g i o n  o f  2 . 0 - 2 . 6  dB, w h ic h  h a s  b e e n  
d e m o n s t r a te d  t h e o r e t i c a l l y  a n d  e x p e r i m e n t a l l y  [CCIR, 1 9 8 2 - 8 6 a ] .

0 4 8 12 16 20 24 28

(C/Nu - C / N d) (dB)

FIGURE I — Noise contribution o f  the fee d e r  link

A: correlated 
B: uncorrelated
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FIGURE 2 -  Effect o f  AM  /PM conversion on the post-detection noise pow er

K : A M /PM  conversion factor (degrees/dB) 
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The degradation caused by A M /PM  conversion cannot be observed by means of direct radio-frequency 
carrier-to-noise ratio ( C / N )  measurements. However, this degradation can be measured by other means. It must 
be taken into account when calculating feeder-link budgets and can be compensated for by an increase in C / N u 
of 10 log a  dB. A M /PM  conversion was not taken into account in the development of the Region 2 Plan.

In a plan based on homogeneous characteristics of feeder-link stations which in turn leads to hom o­
geneous nominal (clear sky) power flux-densities at the satellites, the C / N u varies with satellite receive antenna 
gain. In Region 2, the range of interest of the satellite receive antenna gain at the — 3 dB edge of coverage area 
varies from about 28 dB for a large country-wide feeder-link beam of 3° x 8° to 46 dB for a small spot beam of
0.6°. With a system noise temperature at the satellite of 1500 K, which is readily achievable for satellite receivers 
at 18 GHz, the range of interest of G / T  varies from —4 dB(A^~') to 14 d B (£ _ l ) at the edge of coverage area. 
The choice of feeder-link power into the transmitting antenna may be in the range of 500 to 1000 W. The 
Region 2 feeder-link Plan is based on a maximum radio-frequency power of 1000 W delivered at the input of the 
feeder-link antenna. Table I gives a range of CZNu at 17.5 GHz assuming an antenna efficiency of 65%, a filter 
bandwidth of 24 MHz and 1 dB gain loss due to mispointing of the earth-station antenna for 500 and 1000 W 
transmitted power. In Region 2, the Plan is based on a 5 m antenna diameter but larger and /o r smaller antennas 
can be used. *

For example, in the case of a 14.5 dB C / N d on the down link and a possible 1 dB mispointing of the 
earth-station transm itter antenna, a very small number of cases in Table I would give a noise contribution of the 
feeder link greater than 0.5 dB to the overall noise of the communication channels. These few cases are italicized 
i n  t h e  T a b l e .  I n  R e g io n s  1 a n d  3 ,  t h e  P l a n  i s  b a s e d  on  5 a n d  6 m a n t e n n a  
d i a m e t e r s  f o r  f r e q u e n c y  b a n d s  17 a n d  14 GHz r e s p e c t i v e l y  a n d  500 W t r a n s m i t t e r  
p o w e r .  T h e s e  v a l u e s  c o r r e s p o n d  t o  a n  e . i . r . p .  o f  84 a n d  82 dBW r e s p e c t i v e l y  a n d  
a im  t o  a c h i e v e  a  c a r r i e r - t o - n o i s e  r a t i o  (C/N) o f  24 dB e x c e e d e d  f o r  99% o f  t h e  
w o r s t  m o n th .
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TABLE I — Range o f  carrier-to-noise ratio calculated for earth-station antenna
m ispointed by I dB and transmitting 500 or 1000 W o f  power ( R e g io n  2 ) (

Earth-station 
antenna diameter 

(m)

Minimum G / T of 
satellite receive antenna 
(edge of coverage area) 

(dB (K -’))

C a r r i e r - t o - n o i s e  r a t i o  C/Nu 
(dB) '

Clear
sky

With 5 dB 
rainfall 

attenuation

With 10 dB 
rainfall 

attenuation

Transmitted power (W)

500 1000 500 1000 500 1000

' 2.5 -  4 19.2 22.2 14.2 17.2 9.2 12.2

+ 2 25.2 28.2 20.2 23.2 15.2 18.2

+ 8 31.2 34.2 26.2 29.2 21.2 24.2
+ 14 37.2 40.2 32.2 35.2 27.2 30.2

5 -  4 25.2 28.2 20.2 23.2 15.2 18.2

+ 2 31.2 34.2 26.2 29.2 21.2 24.2

+ 8 37.2 40.2 32.2 35.2 27.2 30.2
+ 14 43.2 46.2 38.2 41.2 33.2 36.2

8 -  4 29.3 32.3 24.3 27.3 19.3 22.3

+ 2 35.3 38.3 30.3 33.3 25.3 28.3
+  8 41.3 44.3 36.3 39.3 31.3 34.3
+ 14 47.3 50.3 42.3 45.3 37.3 40.3

11 -  4 32.1 35.1 27.1 30.1 22.1 25.1
+  2 38.1 41.1 33.1 36.1 28.1 31.1
+ 8 44.1 47.1 39.1 42.1 34.1 37.1
+  14 50.1 53.1 45.1 48.1 40.1 43.1

N o te  1 - I n  c a s e  o f  t h e  f e e d e r  l i n k  P l a n  f o r  R e g io n s  1 a n d  3 ,  t h e  f i g u r e s  i n
T a b le  I  s h o u l d  b e  r e d u c e d  b y  0 . 5  dB w i t h  a  r e f e r e n c e  b a n d w i d t h  o f  27 MHz.

3.4  In flu en ce o f  th e  a tm o sp h e re

3.4.1 R a in fa ll  a tte n u a tio n

The feeder-link signal will suffer attenuation when passing through the atmosphere. These effects 
are of statistical nature and will also strongly depend on the feeder-link frequency and the location of the 
feeder station.

Rainfall attenuation will result in decreased values for C / N  and C / l  on the feeder link. In
addition, C / N  on the down link will decrease unless automatic gain control is used on the satellite to
maintain the satellite transponder at or near saturation.
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The propagation model for feeder links in Regions 1 and 3 using 
circularly polarized signals is based on the value of rain attenuation for 1Z 
of the worst month.

WARC-ORB(88) adopted the method for calculation of the rainfall 
attenuation as follows:

The mean zero-degree isotherm height h^ is:

hp - 5.1 - 2.15 log
( Ifl - 27)

.1 + 10 25 (km)

where f  i s  t h e  l a t i t u d e  o f  t h e  e a r t h  s t a t i o n  ( d e g r e e s ) .

The rain height h^ is:

h R "  C 'h r

where C * 0.6 for 0° £lfl< 20°
C - 0 . 6  + 0 . 0 2  ( Ifl - 20) for 20° < If I < A0'

C - 1 for Ifl > 40°

The slant-path length, Lg> below the rain height is:

2 ( h R - V

sin2 0 + 2 (hR * V

(km)

+ sin 0

where hQ ■ the height above mean sea level of the earth station (km) 
9 » the elevation angle (degrees)
R ■ the effective radius of the Earth (i.e. 8,500 km), e

The horizontal projection, L , of the slant path is:
L_ * L cos 0 (km) 

u  s

The rain path reduction factor r^ for 0.01Z of the time is:
90

0 .01 90 + 4 L,
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7 r = k (Ro . o i ) a  (dB/km)

where . Voi given in T ab le  I I  for each rain climatic zone. The frequency 
dependent coefficients k and a are given in T ab le  I I I .  The rain climatic zones 
are given in Report 563.

The specific attenuation 7 R , is determined from:

T ab le  I I  - Rainfall intensity for the rain climatic zones
(exceeded for 0 .01% of an average year)

Rain climatic 
zone

A B C D E F G H J K L M N P

Rainfall 
intensity R„ 
(mm/h) °*01

8 12 15 19 22 28 30 32 35 42 60 63 95 145

T ab le  I I I  - Frequency dependent coefficients

* i
Frequency* (GHz)

1
k a

14.65 0.0327 1.149 For Regions 1 and 3
17.5 0.0521 1.114 For Region 2
17.7 0.0531 1.110 For Regions 1 and 3

* Mean frequencies of the feeder-link bands.

The rainfall attenuation exceeded for It of the worst month is:
Au  - 0.223 7 RLg rQ Q1 (dB) for Regions 1 and 3

An  ‘  ° ’21 7 r l s ro .o i  (dB) £or Reglon 2<
For the calculation of power control described in Section 5.4.4, the 

rainfall attenuation for 0.1% of the worst month is used. It can be 
calculated as follows:
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Both rain and ice can cause depolarization of signals and thereby reduce the carrier-to-interference 
ratio, C / l , at co-located and adjacent satellites. When ice is in the transmission path, particularly when it 
is melting, its depolarization effect is particularly strong (the “bright band” phenomenon), although there 
is little attenuation at such times.

The CCIR rain model (see Report 564) predicts that rain depolarization, XPD,  varies with 
attenuation and elevation angle as illustrated in Fig. 3 for circular polarization. For any given value of 
rainfall attenuation, Ap, the XPD value decreases with decreasing elevation angle.

3.4.2 Depolarization:

3 0

~  2 5
S'
3
I  20

co
‘5  1 5N
Jso
8* 10
c

° 0  5  1 0  1 5  2 0  2 5  3 0  3 5  4 0
Rainfall attenuation, A p  (dB)

FIGURE 3 -  Rain depolarization and attenuation predicted  
for circularly polarized signals (14 GHz)

The WARC-ORB(88) Conference adopted the following method for the calculation 
of depolarization (XPD), not exceeded for 12 of the worst month:

XPD - 30 log f - AO log (cos 0) - V log Ap (dB) for 5* < 0 < 60°

where V - 20 for 14.5 - 14.8 GHz
and V = 23 for 17.3 - 18.1 GHz
where A : co-polar rain attenuation exceeded for 12 of the worst monthPf : frequency (GHz)

0 : elevation angle (degrees).

For values of 0 greater than 60°, use 0 - 60° in the above equation.

3.4.3 Rain scatter

Rain scatter, as a potentially im portant short-term interference mechanism at 17 GHz, is analyzed 
[CCIR, 1982-86b] for sharing between feeder links. Further study is required since several simplifying 
assumptions have been made and the rain scatter model that was used is specifically applicable to 
terrestrial scatter paths. The provisional analysis shows that:

— rain scatter interference contributions should not be a problem at 17 GHz but, however, can greatly 
exceed the interference on the direct earth station (side-lobe)-to-victim satellite path;

— rain scatter interference is highest, relative to the direct earth station (side-lobe)-to-victim satellite 
interference, at large angular separations between the victim and intended satellites:
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— in some cases, the net interference during rain might exceed that which is present during clear-sky 
conditions. However, all such cases are associated with situations where this interference is negligibly 
small:

— further study is needed to assess the magnitude of precipitation scatter interference from around and 
above the 0°C isotherm. 10 GHz radar reflections from the melting layer at this altitude are typically 
substantially greater than those from somewhat lower altitudes.

3.5 Propagation margin

The propagation margin at 17 GHz (LAn in equation (2)) depends primarily on the rain climatic zone and 
the elevation angle. Rainfall attenuation not exceeding 10 dB is predicted for 1% of the worst month in many rain 
climatic zones with little or no restriction on elevation angle. In rain climatic zones M,  N  and P , it might be 
desirable to locate the satellites so as to limit the minimum elevation angle and thus minimize the cases where 
rainfall attenuation could exceed 10 dB for 1% of the worst month. The minimum elevation angles in rain climatic 
zones M,  N  and P are approximately 12°, 35° and 60°, respectively, for 10 dB of rainfall attenuation exceeded 
for 1% of the worst month.

Possible techniques to compensate for rainfall attenuation include site diversity and power control. These 
subjects are discussed in § 5.6 and 5.4, respectively.

3 .6  P r a c t i c a l  f e e d e r - l i n k  e a r t h  s t a t i o n s

I t  i s  u s e f u l  t o  o b t a i n  i n f o r m a t i o n  on  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  a n d  
o p e r a t i o n  o f  o p e r a t i n g  f e e d e r  l i n k s ,  i n  p a r t i c u l a r ,  b a s e d  on  o v e r c o m in g  t h e  
p r o b le m s  o f  h e a v y  r a i n  a t t e n u a t i o n ,  an d  on  i n c r e a s i n g  t h e  e f f e c t i v e n e s s  o f  
t r a n s p o r t a b l e  e a r t h  s t a t i o n s .

A c c o r d in g  t o  t h e  e x p e r i e n c e  w i t h  t h e  f e e d e r - l i n k  o p e r a t i o n s  o f  t h e  J a p a n e s e  
b r o a d c a s t i n g  s a t e l l i t e  ( B S - 2 ) ,  Annex I I  t o  t h i s  r e p o r t  g i v e s  i n f o r m a t i o n  on  t h e  
f o l l o w i n g  two a s p e c t s  o f  t h e  a c t u a l  f e e d e r  l i n k  [CCIR 1 9 8 6 - 9 0 a ] :

- f e e d e r - l i n k  o p e r a t i o n  i n  r a i n y  c o n d i t i o n s  ( s e c t i o n  1 o f  Annex I I ) ;

- s y s t e m s  o f  t r a n s p o r t a b l e  e a r t h  s t a t i o n s  ( s e c t i o n  2 o f  Annex I I ) .

4. Interference •

Since the sources of interference in the satellite-to-Earth path, namely, the broadcasting satellites, are 
numerous and since this type of interference is liable to reduce the number of programmes broadcast to each 
country, the WARC-BS-77 decided for Regions 1 and 3 that, for planning purposes, the interference due to the 
satellite-to-Earth path should be 90% of the total interference.

The WARC-BS-77 approach requires that the feeder links have protection ratios about 10 dB greater than 
those of the down link. However, it must not be forgotten that the WARC-BS-77 specified more stringent 
conditions for the protection against interference than for that against noise. It may be expected that, under 
clear-sky conditions, a C /N  ratio in the vicinity of 30 dB could be obtained on the feeder link. Even under those 
conditions, the received noise power would still be ten times greater than the interference power, assuming a 
protection ratio of 40 dB.

The feeder-link C / l  ratio need not be specified as a planning element when feeder links and down links 
are planned at the same time because the overall carrier-to-interference ratio is the applicable criterion.
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4.1 Co-channel, co-polar interference

A single entry protection ratio ( C / / u) of 40 dB between co-po!arized feeder links transmitted from 
adjacent service areas is readily achievable for 99% of the worst month. Under clear-sky conditions a C / I u of 
40 dB requires satellite separation of about 3° for feeder-link antennas having 5 m diameters. When considering 
the worst case of aggregate interference and a 10 dB rain fade at the wanted transmitting earth station, the 
required minimum orbital separation between satellites serving adjacent services areas is about 10°. Orbital 
separations of less than about 10° would require some separation of feeder-link service areas, just as some 
separation is required for down-link service areas when orbital separations are less than 15°. Satellite separations 
will normally be determined by down-link interference considerations. However, feeder-link interference might be 
the determining factor when the feeder-link service area is larger than, or outside, the down-link service area. A 
value o f 40 dB for C / / u appears suitable as guidance in development of feeder-link plans.

Experiments conducted with the OTS satellite were used to measure the perceptibility threshold of an 
interferer for a total link [CCIR, 1978-82d). The tests show that for a 625-line television signal in conformity with 
the WARC-BS-77 Plan, the value of 30 dB is confirmed for co-channel protection ratio.

Measurements were carried out in Canada on the effect of the non-linearity of the satellite TWTA on the 
co-channel interference. It would seem that the commonly known “small signal suppression” phenomenon does 
not take place in this case and that no decrease in the interference level was observed at the output of a 
saturated TWTA. The satellite should therefore be considered as transparent in the calculation of the overall 
co-channel carrier-to-interference ratio.

A value of 40 dB for the feeder link co-channel protection ratio was 
used in establishing the Regions 1 and 3 Plan.
4.2 Adjacent-channel interference

For other than co-polar, co-channel interference, the required C /7  is much reduced from 40 dB and 
satellite and /o r service area separations can be much smaller. For common or adjacent service areas the satellites 
can be nearly co-located and still protect the adjacent and second adjacent channels.

Experiments conducted with the OTS satellite were used to measure the perceptibility threshold of an 
interferer (co-channel or adjacent channel) for a total link [CCIR, 1978-82d]. The tests show that for a 625-line 
television signal in conformity with the WARC-BS-77 Plan, a lower value (7 dB instead of 14 dB) may be

acceptable for the adjacent-channel protection ratio in Regions 1 and 3. A very likely explanation for this 
qualitative reduction may be found in the improved channel selectivity due to filtering at the transmitting station. 
However, a reduction of adjacent-channel interference due to the filtering on the feeder links is somewhat limited 
by the requirement for a rather low-selectivity filter in order to transmit signals with minimum impairment. If, as 
it seems, the value adopted by the WARC-BS-77 for the adjacent channel in the down link is a little too high, it 
would be interesting to continue experiments to see whether, for the adjacent channel, a lower corresponding 
value (for example 17 dB) could be adopted for feeder-link planning.

Laboratory experiments in France in which feeder-link interference was simulated using 625-line television
signals in conformity with the WARC-BS-77 Plan have indicated that, in addition to confirming the protection
ratio of 30 dB for co-channel interference, for adjacent-channel interference, transmission filtering at the 
feeder-link station and the operation of the satellite amplifier tube at saturation lead to a subjectively apparent 
decrease of 4 dB in the adjacent-channel interference.

For the 525-line NTSC system, studies of the adjacent-channel protection 
ratio have been carried out in Japan, in particular taking into account the 
effects of the AM/PM conversion factor of satellite transponders. Results of 
subjective measurements of signals passed through a 12 GHz TWTA and computer 
simulation of saturated amplification, including AM/PM conversion, agree and 
indicate that the adjacent channel protection ratio required for just 
perceptible interference can be reduced to 11 dB, after taking into account an 
AM/PM conversion factor of 6 degrees/dB (see § 3.3 of this Report).
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Considering the differing experimental results presented, it appears that a 
unified planning value of the order of 21 dB would be appropriate for the feeder 
link adjacent-channel protection ratio irrespective of the television system 
used.

A value of 21 dB for the feeder link adjacent channel protection ratio was 
used in establishing the Regions 1 and 3 Plan.
4.3 Second adjacent-channel interference

Because of the relatively limited out-of-band rejections of the receiver filters expected to be used in 
practice, the second adjacent channel interference can become a non-negligible contributor to the interference 
level. The protection ratio is found to be in the neighbourhood of —10 dB for frequency modulated NTSC signals 
with two sound sub-carriers and with simple lumped-element 4-pole filters.

Some measurements with C-MAC signals indicate a protection ratio in the range 0 to — 8 dB to be 
appropriate with the same type of filter [Shelswell, 1984],

The major contributors to this second adjacent channel interference are the feeder links. The contribution 
of the down link is negligible since the e.i.r.p. differential towards a given point in the service area due to beam 
overlap is limited to a few decibels. The contribution from the feeder links is found to be more im portant and the 
worst case occurs when the feeder links for the two channels, wanted and second adjacent interfering channels, 
are from the same service area towards the same orbital location. A difference in antenna gain towards the two 
wanted and interfering stations as well as a rain fade at the wanted transmission site where clear-air conditions 
are found at the interfering site can produce a relatively large differential in the levels received at the satellite.

In the case of the Region 2 planning at the RARC SAT-83, this feeder-link level differential could be 
found to be as high as 16 dB giving a second adjacent channel margin of — 6 dB for a corresponding protection 
ratio of - lO d B ,  becoming in many cases the predominant interference mechanism. A 10 dB reduction of the 
feeder-link second adjacent channel interference was assumed due to satellite channel filtering in order to avoid 
this predominance.

Further problems which can result are significant transmission of strong second adjacent channel signals 
through the satellite transponder and also intermodulation with the wanted signal in the transponder non-linear 
amplifier. These result in further interference components being radiated within and outside the nominal channel 
bandwidth on the down link. In the Regions 1 and 3 down-link Plan, neighbouring or overlapping coverage areas 
occur with channels at frequency spacings of two channels, having the same sense of polarization at the same 
orbit position. Thus there is some possibility of creating additional down-link interference on wanted channel n 
due to:

-  the channel n feeder-link signal passing through co-located transponders operating on channel n ±  2;

— intermodulation in the same transponders on channels n+2 resulting from 
signals on channels n±4.

Hence, adequate rejection of second adjacent channel signals must be provided by filtering in a satellite 
transponder to minimize this possible interference mechanism.

A study in the United Kingdom concluded that the need to take into account 
second adjacent channel interference should be avoidable in feeder-link planning 
in Regions 1 and 3, assuming direct frequency translation, provided that a 
second adjacent channel rejection of at least 40 dB through the satellite 
transponder can be provided [Shelswell, 1984]. The second study carried out in 
Japan showed that, assuming severe rain fading (about 18 dB) on the second 
adjacent channel, the required second adjacent channel rejection of the input 
and output channel filter in combination is approximately 50 dB.
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R e j e c t i o n  b y  55 dB o f  s i g n a l s  i n  t h e  s e c o n d  a d j a c e n t  c h a n n e l  c a n  b e  
o b t a i n e d  i n  p r a c t i c e  f ro m  t h e  co m b in ed  e f f e c t  o f  t r a n s p o n d e r  i n p u t  a n d  o u t p u t  
f i l t e r s  [CCIR 1 9 8 6 - 9 0 b ] . T h e r e f o r e ,  i t  i s  c o n f i r m e d  t h a t  i t  w o u ld  n o t  b e  
n e c e s s a r y  t o  t a k e  s e c o n d  a d j a c e n t  c h a n n e l  i n t e r f e r e n c e  i n t o  a c c o u n t  when 
e v a l u a t i n g  t h e  f e e d e r - l i n k  P l a n  f o r  R e g io n s  1 a n d  3 .

For planning in Regions 1 and 3, the second adjacent-channel Interference was 
not taken into account.

4.4 Calculation of the equivalent protection margin for Regions 1 and 3*
The feeder-link equivalent protection margin (M ) is given by the 

formula:

* -10 log y 10
/ -M./10 -M /10 -M./10 \
\10 + 10 + 10 J J  (dB)

where M is the value in dB of the protection margin for the same channel,
i.e.:

wanted.power
sum of the co-channel 
.Interfering powers

(dB) - co-channel protection 
ratio (dB)

M_ and M are the value in dB of the protection margin for the upper 
and lower adjacent channels respectively, i.e.:

wanted.power
sum of the upper adjacent 
channel interfering powers.

(dB) - adjacent channel protection 
ratio (dB)

wanted power
sum of the lower adjacent 

.channel interfering powers.
(dB) - adjacent channel protection 

ratio (dB)

All powers are evaluated at the receiver input

* The d e f i n i t i o n  o f  t h e  e q u i v a l e n t  p r o t e c t i o n  m a r g i n  f o r  R e g io n s  1 a n d  3 i s  
i n c l u d e d  i n  § 4 . 1 1  o f  R eco m m en d a t io n  56 6 .
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A.5 Calculation of the overall equivalent* protection margin 
for Regions 1 and 3**

The o v e r a l l  e q u i v a l e n t  p r o t e c t i o n  m a r g in  M i s  g i v e n  i n  dB b y  t h e  
e x p r e s s i o n  [ B r a j a n ,  1 9 8 6 ] :  y

M = - 1 0  l o g  ( l O - (Mu + Rc u ) / 1 0  + i o ' (Md + Rc d ) / 1 0 j  _  Rco

where M - equivalent protection margin for the feeder link (as defined in 
Section A.4)

Md - equivalent protection margin for the down link 
Rcu “ “co-channel feeder-link protection ratio 
cd - co-channel down-link protection ratio
cu
R

Rco " co_channel overall protection ratio.

The values of the protection ratios used for planning are as follows
R - AO dB
R°j - 31 dB
R - 30 dB. co

4 .  6 Interference between co-located satellites

The most critical cases of feeder-link interference are for cross-polar channels transm itted to co-located 
satellites.

For the case where co-located satellites use a common cross-polarized channel, a protection ratio of 40 dB 
is needed. Discrimination of more than about 30 dB from the satellite receiving antenna pattern requires 
geographical separation of feeder-link service areas. The discrimination is the difference in co-polar gain towards 
points within the wanted service area and the cross-polar gain towards the closest point in the interfering service 
area. Satellite antenna patterns are typically given as functions of <p/cp0 where (p is the exocentric angle between 
the on-axis direction and the direction of interest, and <p0 is the 3 dB beamwidth of the satellite antenna. The 
discrimination between wanted and interfering signals is then the difference between the gain towards the wanted 
feeder-link station and the gain at angle (p. If the maximum discrimination is taken to be the opposite of the 
on-axis gain, 40 dB discrimination at the edge of service area would require an on-axis gain of 43 dB and values 
of {p/(p0 greater than 2. Satellite antenna gains of 43 dB are not consistent with country-wide feeder-link service 
areas for many countries. Provisions for inhomogeneities in received signals due to rain attenuation and unequal 
transm it power levels would require even higher antenna gains. An on-axis gain of 49 dB (0.6° beamwidth) would 
provide, at best, a 6 dB margin for rain attenuation.

The adjective 'equivalent' indicates that the protection margins for all 
interference sources from the adjacent channels as well as co-channel 
interference sources have been included.

** T h e se  d e f i n i t i o n s  a r e  i n c l u d e d  i n  R ecom m endation  566.
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Consider also the case where co-located satellites operating on cross-polarized adjacent channels have 
common feeder-link service areas. Assume that the discrimination capabilities are 25 dB for the satellite receiving 
antenna and 30 dB for the earth-station transmitting antenna. Since the two interference components may be in 
phase, voltage addition must be used to determine the interference level. In clear skies, the feeder-link C / I  for an 
adjacent channel would be 21.1 dB. When the wanted feeder-link path is subjected to 10 dB rain attenuation, the 
feeder-link C / l  drops to 11.1 dB. The protection ratio of 24 dB implied by the WARC-BS-77 cannot be achieved 
for this example, even under clear-sky conditions.

One possible solution to the problem of adjacent channel interference is to provide a slight separation 
between co-located satellites. A study performed in Canada showed that an improvement in isolation can be 
obtained in the case of two satellites transmitting cross-polarized adjacent channels by separating these satellites 
by a fraction of a degree such that they are seen as two distinct orbital locations by the feeder-link transmitting 
antennas but as co-located by the smaller receiving antennas. This removes almost completely the susceptibility of 
overall link adjacent channel C / l  to rain fades on the feeder links at the cost of a small gain loss at the receiving 
terminal.

Figure 4 shows the results of the parametric study giving the overall adjacent channel C / l  as a function of 
orbital separation and for different transmitting antenna sizes. The technical parameters adopted at the 
RARC SAT-83 including the transmit and receive antenna mispointings were used in this analysis. The figure also 
gives the variation in receiving antenna gain as a function of the orbital separation. It should be noted that 1 dB 
receiving gain loss due to mispointing is already taken into account in the earth-station G /T  calculation.

FIGURE 4 -  Cross-polar C/I im provement through orbital separation

Curves A : clear-air conditions on feeder links and down link
B : 10 dB rainfall attenuation on the wanted feeder link
C : degradation of the earth-station receive co-polar gain
A, : overall link cross-polar C/I for 5 m antennas at the feeder-link sites (clear-air situation)
A, : overall link cross-polar C/I for 8 m antennas at the feeder-link sites (clear-air situation)
A„ : overall link cross-polar C /l for 11 m antennas at the feeder-link sites (clear-air situation)
Bs : overall link cross-polar C /l for 5 m antennas at the feeder-link sites (10 dB fade situation)
B, : overall link cross-polar C/I for 8 m antennas at the feeder-link sites (10 dB fade situation)
B„ : overall link cross-polar C /l for 11 m antennas at the feeder-link sites (10 dB fade situation)
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The optimum orbital separation is the point of best polarization discrimination for faded condition on the 
feeder link. This represents the best trade-off between feeder-link polarization discrimination and down-link loss 
in gain. This optimum is found to be 0.4° for 5 m feeder-link transmitting antennas. This separation was used in 
the development of the plan for Region 2 at the RARC SAT-83. The use of larger transmitting antennas will shift 
this optimum to smaller orbital separation (e.g., 0.3° for 8 m antennas and 0.27° for 11 m antennas).

T he WARC ORB( 88 ) C o n f e r e n c e  d e c i d e d  t h a t  a d m i n i s t r a t i o n s  c o u l d  p l a c e  t h e  
s a t e l l i t e s  o f  a  sam e " g r o u p "  o f  s a t e l l i t e s  ( i . e .  s h a r i n g  t h e  sam e n o m in a l  
p o s i t i o n  i n  t h e  P l a n )  a t  a n y  p o s i t i o n  n o  f u r t h e r  t h a n  0 . 2 °  aw ay  f ro m  t h e  n o m in a l  
p o s i t i o n ,  p r o v i d e d  t h a t  t h e  a g r e e m e n t  o f  t h e  o t h e r  a d m i n i s t r a t i o n s  o n  t h a t  
o r b i t a l  p o s i t i o n  i s  o b t a i n e d .  T he a d v a n t a g e  o f  t h i s  a r r a n g e m e n t  i s  t h a t  i t  
p e r m i t s  a d d i t i o n a l  d i s c r i m i n a t i o n  b e tw e e n  f e e d e r  l i n k s  ( l a r g e  t r a n s m i t t i n g  
a n t e n n a s )  w h i l s t  f o r  t h e  p u r p o s e s  o f  r e c e p t i o n  o f  t h e  dow n l i n k  ( s m a l l  a n t e n n a s )  
t h e s e  s a t e l l i t e s  c a n  s t i l l  b e  c o n s i d e r e d  a s  b e i n g  a t  t h e  sam e p o s i t i o n .

4 . 7 Effect o f  A M / P M  conversion

Section 3.3 above discusses the degradation in effective feeder-link C/N  caused by A M /PM  conversion in 
the satellite transponder. A similar effect may be expected to occur with effective feeder-link C/I ratios, although 
there is presently insufficient experimental evidence to confirm this. Indeed, tests in the United Kingdom indicate 
that with low A M /PM  conversion (<  2°/dB ), the effect of mutual interference on the feeder link is very similar 
to its effect on the down link [Shelswell, 1984]. Further study is required with higher values of A M /PM  conversion 
currently found with the high-power travelling-wave tube amplifiers that are required for satellite broadcasting.

The decrease in overall link C/I ratios will depend upon the relative C/I ratios in the feeder link and 
down link in a similar way to that in which link imbalance affects the overall C/N  ratio as discussed in § 3.3.

4 .  8 Techniques fo r  alleviating mutual interference between feeder links

To a l l e v i a t e  m u tu a l  i n t e r f e r e n c e  b e tw e e n  f e e d e r  l i n k s ,  t h e  f o l l o w i n g  
m e th o d s  c a n  b e  a d o p t e d  ( s e e  t h e  R e p o r t  o f  WARC O R B -8 5 ):

—  Use of a common set of technical parameters for all feeder links in planning is desirable but 
preliminary studies by a number of adm inistrations have indicated that there may be a difficulty in 
obtaining the required carrier-to-interference ratios on a small number o f feeder links, particularly when 
certain administrations have special requirements to be met.

In order to overcome this difficulty, a degree of flexibility in the values of planning parameters
used is proposed. Employment of one or more of the following techniques may be used, where necessary,
in the planning process to attain the target values for interference protection.

—  Adjustments of the maximum level of e.i.r.p. of potential interfering feeder links or feeder links 
subject to excessive interference, provided that adequate carrier-to-noise and carrier-to-interference ratios 
on the adjusted feeder links are maintained.

—  Where independent planning of orbit positions is adversely affected, the off-axis co- and cross-
polar side-lobe reference patterns of the earth-station transm itting antenna may be limited to
29 — 25 log cp (dBi), for values of off-axis angle, cp, in the regions of the adjacent and next-but-one 
adjacent orbital positions in the plane of the geostationary-satellite orbit.

— Where insufficient cross-polar isolation is achieved, the off-axis cross-polar side-lobe reference
pattern of the earth-station transmitting antenna may be limited to 24 — 25 log (p (dBi) for
0.76° < (p «  22.9° and - 1 0  (dBi) for <p > 22.9°.

—  Adjustment of the feeder-link channel assignments, retaining the same translation frequency for all 
assignments associated with a given down-link beam.

—  Modifying the satellite receiving antenna beam pattern shape, size, an d /o r  side-lobe response (for 
example, a multiple beam or shaped beam antenna).
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—  Off-setting the beam-pointing direction of the satellite receiving antenna subject to maintaining the
target carrier-to-noise ratio.

—  Improving the beam-pointing accuracy of the satellite receiving antenna to 0.1°.

— Setting an upper limit to the rain attenuation margin included in the feeder-link power budget.

— Separating satellite orbital positions by ±  0.2° from the nominal position and specifying the
off-axis e.i.r.p. of the relevant earth station in the range 0° to 1° off-axis beam angles.

e.i.r.p. (dBW)

e.i.r.p. -  21 -  20 log tp (dBW) 

e.i.r.p. -  5.7 -  53.2 <p2 (dBW) 

e.i.r.p. -  25 -  25 log tp (dBW)

station on -axis e.i .r.p., the off-axis
° should not be greater than:

for 0° tp 0.1°

for 0.1° < tp < 0.32°

for 0.32° < <P < 0.44°

for 0.44° < tp < 1°

5. Feeder-link earth  station characteristics

5.1 E.i.r.p.

Once the frequency band and satellite G /T  are specified, the earth station e.i.r.p. required to meet the 
C /N  condition is largely determined by the statistics of precipitation-induced attenuation at the earth station sites. 
If L  designates the net path loss in dB that is not exceeded during a certain percentage of the worst month, for 
example, 99%, then the required earth station e.i.r.p. per channel is given by the equation:

e.i.r.p. =  PE + Ge = C /N  +  10 log (k B ) -  G /T  + L dBW (4)

k :

B :

G / T :

where:
PE : earth-station transm itter power per channel (dBW),

GE : on-axis gain of earth-station antenna (dBi),

C / N :  carrier-to-noise ratio at the input to the satellite receiver exceeded for, e.g. 99%, of the worst month 
(dB),

Boltzmann’s constant (1.38 x 10“23 J /K ),

IF bandwidth of satellite receiver (Hz),

figure of merit of satellite (including receiver, antenna and feed) (dB(K~')).

The considerations set forth in § 3.3 suggest that a satellite input C / N  ratio of the order of 26 dB should 
be chosen. To illustrate the use of this equation, take C / N  =  26 dB, B = 27 MHz (as specified in the Plan for 
Regions 1 and 3), G / T  = 5 dB (K -1) (corresponding to T =  2000 K and G =  38 dB at the edge of a 1.5° beam) 
and L  =  212 dB (209 dB free-space loss at 18 GHz plus 3 dB rain attenuation corresponding to 1% of the worst 
national average of projected worst month statistics for Europe (see Report 565)). The result of the calculation for 
the earth-station e.i.r.p. in this case is 78.7 dBW. This is well within the capability o f e.i.r.p. from an 18 GHz earth 
station having a transmitter power of about 200 W and an antenna diameter o f about 5 m with an efficiency 
of 55%.

In practice, when considerations other than C / N  are taken into account, the e.i.r.p. values required for 
feeder links will be in the range of 78-87 dBW depending on the characteristics of each system. As an example, 
for Region 2 planning a nominal e.i.r.p. of 87 dBW has been used.

Another practical example, based on the use of several feeder-link earth stations with a satellite having a 
narrow-beam receiving antenna to mitigate the problems o f mutual feeder-link interference, leads to a required 
e.i.r.p. of 81.5 dBW. For that example the following parameter values have been chosen: C / N  =  26 dB, 
B — 27 MHz (see Regions 1 and 3 Plan), G / T  — 8.5 dB(K._ l) (corresponding to T = 2500 K, G =  46.5 dB at 
the boundary of a 0.6° beam, a margin of 4 dB for a receiving antenna pointing offset to account for feeder links 
located near the edge of coverage area) and L = 218.3 dB (209.3 dB of free-space loss at 18 GHz, plus 9 dB as an 
example of rain attenuation). The minimum e.i.r.p. required is then 81.5 dBW. In order to take into account 
station margin (tracking, measurement, etc.), an additional 3 dB may be added to reach the maximum necessary 
e.i.r.p. of 84.5 dBW.

Antennas and transmitters are readily available which can satisfy the e.i.r.p. requirement, taking into 
account feed and multiplexer losses. Antennas (both Cassegrain and centre fed) are available with 8 m and greater 
diameters and 18 GHz transm itter tubes with an output power of 1 kW are currently being developed.
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A co-polar reference radiation pattern for transmitting earth-station antennas in the FSS is proposed in 
Recommendation 465 for antennas with D / \  > 100:

G = 32 -  25 log cp dBi 1° < <p <  48° (5)
=  -  10 dBi cp > 48°

Report 391 discusses this radiation pattern and gives supportive data. Report 390 discusses the factors 
influencing the side-lobe levels. Report 453-3 (1982), however, suggests a more stringent pattern to increase the 
spectrum-orbit resource utilization:

G -  28 -  25 log cp dBi (6)

to a minimum of —20 dBi.

Based on the opinions of antenna manufacturers in France, and on tests conducted in Canada on recent 
high-performance antennas (see Annex I) it may be possible that antennas can be manufactured that will have no 
more than 10% of their side-lobe peaks above this envelope.

Among the factors indicating that these levels are achievable in practical antennas is that the design of 
feeds (including any sub-reflectors) can be optimized for only the transmit frequency bandwidth employed (500 or 
800 MHz, depending on the Region).

The X V Ith  P l e n a r y  A sse m b ly  o f  t h e  CCIR a d o p t e d  R ec o m m e n d a t io n  5 8 0 - 1 ,  w h ic h  
s t a t e s  t h a t  new e a r t h - s t a t i o n  a n t e n n a s  h a v i n g  a  D/'k e x c e e d i n g  1 5 0 ,  i n s t a l l e d  
a f t e r  1988 a n d  o p e r a t i n g  y i t h  a  g e o s t a t i o n a r y ' S a t e l l i t e  s h o u l d  h a v e  a  d e s i g n  
o b j e c t i v e  s u c h  t h a t  t h e  g a i n  o f  90% o f  t h e  s i d e - l o b e  p e a k s  d o e s  n o t  e x c e e d :

G = 29 -  25 log <p dBi 1° <  cp <  20° (7)

Report 391 also suggests radiation patterns for small antennas ( D / \  < 100), but this is equivalent to 
antennas smaller than 1.7 m at 17 GHz and it is unlikely that such small antennas will be used to feed 
broadcasting satellites. .

It would also be possible to optimize antenna side-lobe performance to correspond to specific satellite 
separations for a plan using a fixed orbital separation. In this case, it might be desirable to use one reference 
pattern for planning of the broadcasting-satellite service and a separate reference pattern for coordination with 
other services.

Appendices 28 and 29 to the Radio Regulations extend co-polar radiation patterns to angles smaller than 
1°, assuming a Gaussian main lobe and a plateau at the first side-lobe level.

5.2.1 Reference patterns in Region 2

The new radiation patterns described below and shown in Fig. 5 were adopted by the 
RARC SAT-83 for planning the feeder links to the BSS. The background inform ation is given in Annex I 
to this Report.

5.2.1.1 Co-polar component

The co-polar com ponent of the feeder-link antenna is based on a side-lobe envelope of 
29 -  25 log cp down to - 1 0  dB relative to the isotropic source for the back-lobe region as indicated in 
Fig. 5. The main lobe of the antenna is constrained by the segment 36 -  20 log cp to which the Gaussian 
main lobes of antennas of any size, assuming an antenna efficiency o f 65%, are tangent. This segment 
extends to an angle of 0.32° beyond which a portion of the Gaussian main lobe of the 2.5 m antenna (the 
smallest antenna size allowed in the Plan) joins it to the side-lobe envelope 29 -  25 log cp. This is to allow 
for the broadening of the main lobe in the case of small antennas.

5.2.1.2 Cross-polar component

The cross-polar com ponent of the feeder-link antenna is based on a plateau near on-axis with a 
discrimination of 30 dB relative to co-polar on-axis gain. For large off-axis angles, the cross-polar side 
lobes have to meet the sloped segment (9 — 20 log cp) down to —10 dB relative to the isotropic source. 
The slope of this segment is such that the junction with the near on-axis plateau will always be where the 
worst cross-polar side lobe occurs, which happens to be at the —3 dB point on the co-polar component.

5.2 Transmitting antenna reference pattern
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FIGURE 5 -  Reference patterns for co-polar and cross-polar components 
fo r transmitting antennas for Region 2

Curves A: co-polar component
(dBi relative to isotropic source)

36 -  20 log p  for 0.1° < < ?<  0.32°
51.3 -  53.2 p 2 for 0.32° «  p  < 0.54°
29 -  25 log (p for 0.54 <  p  < 36°
-1 0  for p  >  36°

B: cross-polar component
(dBi relative to isotropic source)

Gmax for

9 - 2 0  log <p for

-1 0  for ip >  8.7

where:
p :

G 

D:

off-axis angle referred to the main-lobe axis; 
max : on-axis co-polar gain of the antenna; 

diameter of the antenna (m) (£) >  2.5)

O
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The evaluation of the measured antenna patterns as to whether they meet the reference patterns or 
not is made as follows:

-  for the co-polar component, the reference pattern must not be exceeded in the angular range between 
0.1° and 0.54°;

-  for the cross-polar component, the reference pattern must not be exceeded in the angular range 
between 0° and (0.6/ D)° \ and

-  at larger off-axis angles, the reference pattern can be exceeded by no more than 10% of the side lobes 
contained in each reference angular window. These windows are 0.54° to 1°, 1° to 2°, 2° to 4°, 4° to 
7°, 7° to 10°, 10° to 20°, 20° to 40°, 40° to 70°, 70° to 100° and 100° to 180°. The first reference 
angular window for evaluating the cross-polar component should be (0.6/ D)° to 1.0°.

5.2.2 Reference patterns in Regions I and 3

For planning feeder links in Regions 1 and 3 the WARC ORB-88 adopted off-axis e.i.r.p. values 
which should not be exceeded. These values were based on the use of earth-station transm itting antennas 
having a nominal gain of 57 dBi and having the characteristics described below.

5.2.2.1 Antenna diameter

For a given value of on-axis e.i.r.p. and a given relative antenna pattern, the off-axis e.i.r.p. 
depends on the diameter of the antenna. The larger the diameter of the antenna, the smaller is the off-axis
e.i.r.p. which is a potential source of interference between adjacent orbital positions.

Hence, for planning of feeder links it is necessary to define a reference antenna diameter. For the 
band 17.3-18.1 GHz the value adopted is 5 m, and 6 m for the band 14.5 to 14.8 GHz.

Smaller antennas of, for example, 2.5 m diameter, can also be used provided that there is no 
degradation of the interference situation. In practice, this means that the power might need to be reduced 
or the antenna pattern improved so that there is no increase in the off-axis e.i.r.p., and hence no 
unacceptable interference to the adjacent orbital position or to other services.

5.2.22 On-axis gain

The on-axis gain for the 5 m antenna at 17.3-18.1 GHz and for the 6 m antenna at 14.5 to
14.8 GHz is taken as 57 dBi.

5.2.1.3 M eth o d  o f  a na lysis f o r  m eeting  the  reference pa tte rn s

5 . 2 . 2 . 3  Off-axis e.i.r.p. of transmitting antennas

The c o - p o l a r  a n d  c r o s s - p o l a r  o f f - a x i s  e . i . r . p .  f o r  p l a n n i n g  i n  R e g io n s  1 
a n d  3 a r e  g i v e n  i n  F i g u r e  6 .

5.2.2.4 Cross-polar off-axis gain

Studies have indicated that, for planning purposes, there is no necessity to maintain high 
cross-polar rejection at angles appreciably off-axis. Thus cross-polar characteristics identical to the co-polar 
may be used at angles corresponding to the orbital separations used in Regions 1 and 3.
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032 044 O ff -a x ie  a n g le  tp  (d e g re e a ) 48

FIGURE 6 - Earth station e.i.r.p. at angles off the antenna axis

C o - p o la r  component (dBW):

E (dBW) f o r  0° < 8 < 0 . 1 °
E - 21 - 20 l o g  8 (dBW) f o r  0 .1 °  < 8 < 0 .3 2 °
E - 5 .7  - 5 3 .2  82 (dBW) f o r  0 .3 2 °  < 8 < 0 .4 4 °
E - 25 - 25 lo g  8 (dBW) f o r  0 .4 4 °  < 8 < 48°
E - 67 (dBW) f o r  8 > 48°

C r o s s - p o l a r  component (dBW):

E - 30 (dBW) f o r  0° < 8 < 1 .6 °
E - 25 - 25 lo g  8 (dBW) f o r  1 .6* < 8 < 48°
E - 67 (dBW) f o r  8 > 48°

w h e r e :

E (dBW) i s  t h e  e a r t h  s t a t i o n  e . i . r . p .  on t h e  a n t e n n a  a x i s .

and
8 -  o f f - a x i s  a n g le  r e f e r r e d  to  th e  main  lo b e  a x i s  ( d e g r e e s ) .
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5.3 Use o f  sm a ll transm itting  a n ten n a s

465

The minimum diameter earth-station antenna considered by the RARC SAT-83 using the feeder-link 
transmitting pattern described in § 5.2.1 is 2.5 m. The main beam broadening of a 2.5 m antenna ( D/ X  = 150) has 
been incorporated into the co-polar reference pattern. Such transportable terminals would not create more 
interference than that calculated in a plan provided that their side-lobe radiation patterns do not exceed the 
side-lobe envelopes proposed for planning purposes and provided that a maximum limit on transm itter power is 
adopted for planning. •

For Regions 1 and 3, the use of an antenna with a diameter smaller than 5 m can be taken into account 
provided it is compatible with the interference conditions in the feeder-link Plan based on a diameter of at least 
5 m. A preliminary study carried out in Japan showed that under certain circumstances in Region 3, there would 
be no difference in the C / l  values for co-located satellites regardless of the use of transmitting antennas having a 
diameter of, for example, 2.5 m or even 1 m when the systems are homogeneous in e.i.r.p. Little interference 
would occur to adjacent satellites, even when using feeder-link transmitting antennas which have a diameter of
2.5 m and the characteristics of Recommendation 465, under the same e.i.r.p. conditions, if a 17 GHz feeder-link 
P l a n  i s  d e v e l o p e d  b y  a  d i r e c t  t r a n s l a t i o n  o f  t h e  WARC-BS-77 d o w n - l i n k  P l a n .  
WARC-ORB(88 ) a d o p t e d  a  m inim um  a n t e n n a  d i a m e t e r  o f  2 .5  m a n d  c o m p l ia n c e  w i t h  t h e  
o f f - a x i s  c h a r a c t e r i s t i c s  g i v e n  i n  F i g u r e  6 a p p r o p r i a t e  t o  t h e  n o m in a l  o n - a x i s  
a n t e n n a  g a i n  o f  57 d B i .  .

The C7 Nu and C / / u achievable with these transportable earth terminals may not meet the values planned 
for 99% of the worst month using a larger antenna but would in most cases be adequate under clear-sky 
conditions as indicated in Table I for C / N u. The C / N u of the transportable terminals depends primarily on the 
transmitted power and on the satellite G/T.

The antenna systems of such transportable terminals will need to be as simple as possible and should be of 
practical dimensions to be carried on roads. A tracking system should not be required in all cases. Present practice 
in the fixed-satellite service seems to indicate that 4.5 m folding antennas and 2.5 m non-folding antennas would 
meet the road clearance standards in most of the cases. For a satellite station-keeping allowance of ± 0 .1 ° , the use 
of antennas larger than 3 m would result in a variation of PFD at the satellite of more than 3 dB in the absence 
of automatic tracking.

However, when one considers the very slow drift rate of the satellite and that use of such small 
transportable antennas will usually be temporary, the assumption of 0.1° drift instead of 0.28° as the worst case 
seems reasonable. Thus, assuming a 3 dB variation in PFD at the satellite, only antennas larger than 5 m would 
require automatic tracking.

5.4 Power control

Power control of feeder links is the rapid, automatic adjustment of earth-station transm itter power to 
compensate for rain-induced attenuation in the path of the desired signal to a satellite.

5.4.1 Application o f  power control

In the presence of feeder-link power control (PC), the input level of the signal at the satellite 
transponder is maintained approximately constant and rain attenuation along the feeder-link path is 
effectively compensated.

As a consequence, during rain at the feeder-link station only, the use of feeder-link power control 
maintains a constant value of C /N t a s  i l l u s t r a t e d  i n  F i g .  7 .

Experiments using the BSE of Japan have shown that power control is effective in maintaining a 
nearly constant level of desired carrier during periods of rain [CCIR, 1978-82e; Shimoseko et al., 1981]. In 
this experiment, at 14 GHz a variation of power received at the satellite o f 6 dB (peak-to-peak) and 1.5 dB 
r.m.s. without power control, was reduced through the use of power control to 1.5 dB (peak-to-peak) and
0.5 dB r.m.s., respectively.
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0 2 4 6 8 10 12 at 12 GHz
Rainfall attenuation (dB)

FIGURE 7 -  The effect o f  rainfall attenuation on C /N jin  the presence 
o f  feeder-link pow er control (PC)

Clear-sky C/Nu = 24 dB
Clear-sky C/N^ = 14.5 dB

Curves A: rain at feeder-link station only

B: correlated rain at feeder-link station and down-link station

5 . 4 . 2  C o n d i t i o n s  f o r  u s e  o f  p o w e r  c o n t r o l  w i t h o u t  i n c r e a s e d  i n t e r f e r e n c e

Use o f  pow er c o n t r o l  t o  i n c r e a s e  t h e  a v a i l a b i l i t y  o f  f e e d e r  l i n k s  b e y o n d  
t h e  v a l u e s  u s e d  f o r  p l a n n i n g  i s  a n a l y z e d  i n  t h i s  s e c t i o n .

I n  [CCIR, 1 9 8 2 -1 9 8 6 c ;  OHMI, 1985] t h e  c o n d i t i o n s  a r e  d e t e r m i n e d  t h a t  a l l o w  
u s e  o f  pow er c o n t r o l  on  a n  i n t e r f e r i n g  f e e d e r  l i n k  w i t h o u t  d e g r a d a t i o n  o f  t h e  
C / I  o f  a n  i n t e r f e r e d - w i t h  l i n k  b e lo w  t h e  v a l u e  o b t a i n e d  when t h e  i n t e r f e r i n g  
f e e d e r  l i n k  i s  i n  c l e a r  s k y .

I n  s t u d y i n g  f e e d e r - l i n k  i n t e r f e r e n c e  p r o b l e m s ,  t h e  g e o g r a p h i c a l  l o c a t i o n s  
o f  i n t e r f e r i n g  e a r t h  s t a t i o n s  a n d  w a n te d  f e e d e r - l i n k  beam a r e a s  a r e  i m p o r t a n t  
f a c t o r s  a f f e c t i n g  t h e  f e e d e r - l i n k  c a r r i e r - t o - i n t e r f e r e n c e  r a t i o .  T h e s e  f a c t o r s  
a f f e c t  t h e  c r o s s - p o l a r i z a t i o n  d i s c r i m i n a t i o n  (X PIs a t ) o f  t h e  w a n t e d - s a t e l l i t e  
a n t e n n a  b e c a u s e  X PIs a t  i s  a  f u n c t i o n  o f  t h e  r a t i o  o f  t h e  o f f - a x i s  a n g l e  ( ? ) t o  
t h e  h a l f - p o w e r  b e a m - w id th  {^q ).

For the satellite-receiving antenna reference pattern shown in Fig. 16, the XPIsa, can be graphically 
expressed as in F i g .  8 .
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Relative angle from beam axis, tp!y0

FIGURE 8 -  Cross-polarization discrimination (XPIsa{) o f  satellite-receiving antenna 
(reference patterns are assumed as shown in Fig. 16)

(<fi0: half-power beamwidth)

X P I^  (dB) = Grc,v, WB ) - G rxw. (dB)

I n  o r d e r  t o  a n a l y z e  t h e  e f f e c t  o f  t h e  X PIs a t  on  C / I u , t h e  e q u a t i o n  o f  C / I u 
w h ic h  i n c l u d e s  t h e  p a r a m e t e r  X PIs a t  e x p l i c i t l y ,  i s  g i v e n  i n  e q u a t i o n  ( 8 ) .

£  =  ! £  . h  . A  . £lSl 
Iu P, ' Lw ' Rw ' Gn

(8 )

A +  --------  +
XPLal XPIe

where:

Pw: transm itter power at the wanted earth station;

P j: transmitter power at the interfering earth station;

Lw : spreading (“free space”) loss on the wanted path;

L j: spreading (“free space”) loss on the interfering path;

Rw : rain attenuation on the wanted path;

R i : rain attenuation on the interfering path;

Grcw w : c o - p o l a r  g a i n  o f  t h e  w a n t e d - s a t e l l i t e  r e c e i v i n g  a n t e n n a  i n  t h e  d i r e c t i o n  
o f  t h e  w a n te d  e a r t h  s t a t i o n ;

Grcw i : c o - p o l a r  g a i n  o f  t h e  w a n t e d - s a t e l l i t e  r e c e i v i n g  a n t e n n a  i n  t h e  d i r e c t i o n  
o f  t h e  i n t e r f e r i n g  e a r t h  s t a t i o n ;

A : coefficient of depolarization due to rain as expressed in the following equation:

A =  \ q- ( xpd/,0>} where XPD is the rain depolarization given in § 3.4.2, in dB, as a function of rain
attenuation and elevation angle;

X PIS a t : r a t i o  o f  c o - p o l a r  g a i n  (Gr c w i ) t o  c r o s s - p o l a r  g a i n  (Gr x w i ) o f  t h e  w a n te d -  
s a t e l l i t e  r e c e i v i n g  a n t e n n a  i n  t h e  d i r e c t i o n  o f  t h e  i n t e r f e r i n g  e a r t h  
s t a t i o n  a s  e x p r e s s e d  i n  t h e  f o l l o w i n g  e q u a t i o n :

XPISai =  Gr c /  Grxwi
X Ples: ratio of co-polar (G,ci) to cross-polar (G,xi) of the interfering earth-station transm itting 

antenna in the direction of the wanted-satellite as expressed in the following equation:

XPIes =  G,ci/  G,Xj.
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Thus, XPl%at and XPIes indicate the cross-polarization discrimination capability of the satellite 
antenna and the earth-station transmitting antenna, respectively.

The c h a n g e  i n  t h e  C / I u , oh  a n  i n t e r f e r e d - w i t h  l i n k ,  AH, c a n  b e  e x p r e s s e d  as  
f o l l o w s  when p o w er  c o n t r o l  i s  u s e d  on  a n  i n t e r f e r i n g  l i n k :

A M  =  ■--■/u^ a,n =  A  • --------------- !---------------  (9)
C/ /«. clear A /> * V

1 +
1

+
XPLnt XPL

where:

C /  /u, rain ■ C / I u when rain occurs at the interfering site with resultant rainfall attenuation of R, \

C / l u. dear '■ C / l u when the interfering site lies in clear weather ( C / / u- ciear is regarded as a reference C / / u);

A P i: power increase of earth transm itter by power control.

The l i m i t s  on  i n c r e a s e d  e a r t h - s t a t i o n  t r a n s m i t t e r  pow er w h ic h  k e e p  AM (dB) 
n o n - n e g a t i v e ,  i . e . ,  n o t  d e g r a d e  t h e  C / I  on t h e  i n t e r f e r e d - w i t h  p a t h  f ro m  t h e  
v a l u e  o f  C / I  when t h e  i n t e r f e r i n g  s i t e  i s  i n  c l e a r  w e a t h e r ,  a r e  shown a s  a 
f u n c t i o n  o f  r a i n  a t t e n u a t i o n  i n  F i g .  9 ,  C urve  (A) f o r  t h e  c a s e  w h e re  
X PIs a t  = 20 dB a n d  X PIes = 30 dB. W i t h i n  t h e  h a t c h e d  a r e a  t h e  t r a n s m i t t e r  pow er 
c a n  b e  i n c r e a s e d  i n  an y  d e s i r e d  m a n n e r .  An e x a m p le  o f  one  p o s s i b l e  a l g o r i t h m  f o r  
r a i s i n g  t r a n s m i t t e r  pow er  a s  r a i n  a t t e n u a t i o n  i n c r e a s e s  i s  shown i n  C urve  (B) o f  
F i g .  9 .

Power c o n t r o l  a s  shown i n  C urve  (B) o f  F i g .  9 r e s u l t s  i n  a  p o s i t i v e  AM (dB) 
a s  i l l u s t r a t e d  i n  C u rv e  (B) o f  F i g .  10 , i . e . ,  t h e  C / I u on  t h e  i n t e r f e r e d - w i t h  
l i n k  i s  h i g h e r  i n  r a i n  t h a n  i n  c l e a r  s k i e s  b y  t h e  am ount show n. C u rv e  (A) o f  
F i g .  10 p l o t s  AM f o r  t h e  c a s e  w h e re  pow er  c o n t r o l  i s  n o t  u s e d  a n d  C urve  (C) 
p l o t s  AM f o r  p o w er  c o n t r o l  a s  shown i n  C urve  (A) o f  F i g .  9 .

T a b le  IV s u m m a r iz e s  o t h e r  e x a m p le s  o f  f e a s i b l e  c o m b i n a t i o n s  o f  i n c r e a s e d  
t r a n s m i t t e r  p o w er  a n d  r a i n  a t t e n u a t i o n  f o r  v a r i o u s  v a l u e s  o f  X PIs a t  a n d  
e l e v a t i o n  a n g l e .
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0 2 4 6 8 10 12 14 16

R a in f a l l  a t te n u a t io n  on w anted l in k  a t  1 7 .5  GHz, P ,( ^ fi)

FIGURE 9 -  The possible increase o f  transmitter pow er for pow er control

Curves A: upper limit for power control
B: an example of power control as illustrated in T a b le  IV

XPIm  = 20dB 
XPIn  -  30 dB 
elevation angle: 50°

2 4 6 8 10 12 14 16 18 20
R a in f a l l  a t te n u a t io n  on in t e r f e r in g  l in k  a t  1 7 .5  GHz, (dB)

F I  GURE 10 - A n  example o f  effective pow er control

Curves A: without power control
B: with power control, corresponding to curve B in F ig . 9.

C: U pper l i m i t  f o r  pow er c o n t r o l  w it h o u t  d e g r a d a t io n  o f  C / I u
on an i n t e r f e r e d - w i t h  l i n k ,  c o r r e s p o n d in g  t o  C urve A o f  F ig . 9

XPIsat = 20 dB 
XPIes = 30 dB 
elevation angle: 50°

0
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TABLE IV -  Possible increase o f  earth-station transmitter power for power control 
fo r  various values o f  X P f a, and satellite elevation angle

X P f al
(dB)

Satellite 
elevation angle 

(degrees)

Increase of earth-station transmitter power 
(dB)

For rainfall 
attenuation 

0 dB to 5 dB

For rainfall 
attenuation 5 dB 

to 10 dB and more

0 to 10 0 0
10 to 30 0 to 4 4 to 7

10 to 15 30 to 50 0 to 4 4 to 8
50 to 60 0 to 5 5 to 9 .
60 to 90 0 to 5 5 to 10

0 to 10 0 0
10 to 30 0 to 2 2 to 4
30 to 40 0 to 3 3 to 4

15 to 20 40 to 50 0 to 3 3 to 6
50 to 60 0 to 4 4 to 8
60 to 90 0 to 5 5 to 9

0 to 30 0 0
30 to 40 0 to 2 2

20 to 25 40 to 50 0 to 3 3 to 4
50 to 60 0 to 4 4 to 6
60 to 90 0 to 5 5 to 8

0 to 40 0 0
40 to 50 0 to 2 2

25 to 30 50 to 60 0 to 3 3
60 to 90 0 to 5 5

5 . 4 . 3  Use o f  pow er c o n t r o l  w i t h  p o t e n t i a l  f o r  i n c r e a s e d  i n t e r f e r e n c e

Some a p p l i c a t i o n s  o f  pow er  c o n t r o l  c a n  w o r s e n  t h e  i n t e r f e r e n c e  
s i t u a t i o n .  S t u d i e s  h a v e  shown [CCIR, 1 9 7 8 - 8 2 f ] , t h a t  t h e  d i f f e r e n c e  b e tw e e n  
i n t e r f e r e n c e  l e v e l s  i n  t h e  c a s e  w h e re  pow er c o n t r o l  i s  u s e d  a t  a l l  s t a t i o n s  
t o  m a i n t a i n  C/N a t  t h e  minimum r e q u i r e d  v a l u e ,  a n d  w h e re  i t  i s  n  o t  u s e d  
a n d ,  i n s t e a d ,  a l l  s t a t i o n s  em ploy  a  m a r g in ,  M, s u f f i c i e n t l y  h i g h  t o  t a k e  
a c c o u n t  o f  t h e  a t t e n u a t i o n  e x p e r i e n c e d  f o r  a l l  b u t  a  v e r y  s m a l l  p e r c e n t a g e  
o f  t i m e ,  i s  g i v e n  b y :
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I r e  -  I  n p c  =  M h  -  M , +  (CPA)j  inu -  ( CPA) W ( 1 0 )

where: m

/ : interference with power control,

/  : interference with no power control,

( CPA ), mv, and {CPA )*. insl : instantaneous co-polar attenuations on the interfering and wanted links,
respectively,

Mw and M, : margins on the wanted and interfering links, respectively.

The d i f f e r e n c e  i n  t h e  i n t e r f e r e n c e  l e v e l  ( e q u a t i o n ( 1 0 ) )  d o e s  n o t  d e p e n d  on 
t h e  i n s t a n t a n e o u s  v a l u e  o f  t h e  d e p o l a r i z a t i o n  o f  t h e  i n t e r f e r i n g  p a t h .

F o r  m o s t  o f  t h e  i n t e r f e r e n c e  s i t u a t i o n s  an d  f o r  m o s t  o f  t h e  t i m e ,  t h e  
e f f e c t s  o f  i n t e r f e r e n c e  on  C / I u w i l l  b e  t h e  same w i t h  a n d  w i t h o u t  p ow er  c o n t r o l  
i f  t h e  c l i m a t i c  c o n d i t i o n s  a r e  s t a t i s t i c a l l y  s i m i l a r  on  t h e  w a n te d  a n d  u n w a n te d  
p a t h s .  T h e r e  i s  a  d i s t i n c t  d i f f e r e n c e ,  h o w e v e r ,  d e p e n d i n g  o n  t h e  u s e  o r  n o n - u s e  
o f  pow er c o n t r o l ,  w h e t h e r  a  f e e d e r  l i n k  i s  a f f e c t e d  b y  i n t e r f e r e n c e  d u r i n g  r a i n  
on i t s  own p a t h  o r  d u r i n g  r a i n  on  t h e  p a t h  o f  t h e  i n t e r f e r i n g  f e e d e r  l i n k .

For co-polarized, co-channel interference, which will only be im portant for large orbital separation 
a n d /o r  large feeder-link service area separation, power control would appear to offer certain potential 
advantages. It would permit a significant reduction in transmitting power for large percentages of time, 
potentially resulting in long-term savings of earth-station prime power and improved transm itter reliability.
For the cases examined [CCIR, 1982-86d], use of power control increased the percentages of time that 
design levels of C / l  could be maintained.

In the case of co-located satellites having common or adjacent feeder-link service areas and 
operating on adjacent cross-polarized channels, de-polarization must be taken into account in analyzing 
the effects of power control on C / I .

The effect of power control in the cross-polar C / I  is calculated using two identical earth-station 
transmitters both located near the —3 dB edge of the feeder-link coverage area and directed towards 
co-located satellites. Cross-polar discrimination capabilities of 27 dB and 30 dB for circularly polarized 
satellite receiving antenna and earth-station transmitting antenna, respectively, are assumed. This gives a 
single entry cross-polar C / / u of 21.2 dB under clear-sky conditions when voltage addition is assumed. An 
elevation angle of 40° is assumed and the cross-polar C / I u is calculated as a function of rainfall 
attenuation on the feeder link for three scenarios:

(a) it rains at the wanted site only;

(b) it rains at the wanted and interfering sites simultaneously; and

(c) it rains at the interfering site only.

Use o f  power c o n t r o l  a t  b o t h  s i t e s  i s  assumed.

The results are given in Figs. 11, 12 and 13, respectively for scenarios (a), (b) and (c). Although the 
RARC SAT-83 adopted voltage addition for C / I  calculations, these figures have been drawn on the basis 
of power addition. The Figures indicate that the use of up-link power control increases the C / I u when it 
rains at the wanted site but decreases the C //„  when it rains at the interfering site. The use of up-link 
power control has no effect on cross-polar C / I u when it rains simultaneously at both the wanted and 
interfering sites.
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Rainfall attenuation at 17.5 GHz (dB)

Rainfall attenuation at 17.5 GHz (dB)

FIGURE 12 -  The effect o f  automatic gain control 
or pow er control on the cross-polar C/Iu 

between circularly polarized feeder links a t 17.5 GHz 
when it rains simultaneously at the wanted  

and the interfering transmitter sites (scenario fb))

M'sat = 27 dB 
XPles = 30 dB

FIGURE 11 -  The effect o f  autom atic gain control (AGC), 
or 10 dB o f  pow er control (PC), on the cross-polar C jlu 

between circularly polarized feeder links at 17.5 GHz 
when it rains at the wanted site only (scenario (a))

X P ^ t  = 27 dB 
X Ples = 30 dB

Curves A: with 10 dB power control

B: with or without AGC 
without power control

Rainfall attenuation at 17.5 GHz (dB)

FIGURE 13 -  The effect o f  power control (PC) 
on the cross-polar C /lu 

between circularly polarized feeder links a t 17.5 GHz 
when it  rains a t the interfering site only (scenario (c))

X PIs^ = 27 dB 
XPIes = 30 dB

Curves A: Without power control
B: With 10 dB power control
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5 . 4 . 4  WARC-ORB(88) m ethod  f o r  t h e  c a l c u l a t i o n  o f  power c o n t r o l  
i n  R e g io n s  1 and 3

5 . 4 . 4 . 1  C o n d i t i o n s  t o  be o b s e r v e d

I n  t h e  R e g io n s  1 and  3 P l a n ,  power c o n t r o l  i s  p e r m i t t e d  a c c o r d i n g  t o  t h e  
c h a r a c t e r i s t i c s  g iv e n  i n  F i g u r e  14 p r o v i d e d  t h a t  t h e  am ount o f  i n t e r f e r e n c e  
g e n e r a t e d  to  any o t h e r  f e e d e r  l i n k  in  t h e  P l a n  d o e s  n o t  d e g r a d e  i t s  o v e r a l l  
f r e e  s p a c e  C / I  by more t h a n  0 .5  dB and t h a t  t h e  power i n c r e a s e  d o e s  n o t  e x c e e d  
t h e  r a i n f a l l  a t t e n u a t i o n  e x c e e d e d  f o r  13 o f  t h e  w o r s t  m onth  o r  10 dB.

5 . 4 . 4 . 2  C a l c u l a t i o n  m ethod

a )  Compile a l i s t  o f  a l l  a s s i g n m e n t s  o f  o t h e r  a d m i n i s t r a t i o n s  (A. B, C, . . )  
i n  th e  same o r b i t a l  p o s i t i o n  and  t h e  two a d j a c e n t  p o s i t i o n s  ( i . e .  i n  
t o t a l ,  t h r e e  o r b i t a l  p o s i t i o n s )  l i a b l e  to  s u f f e r  i n t e r f e r e n c e  from th e  
a s s ig n m e n t  s t u d i e d .  '

b )  C a l c u l a t e  t h e  f e e d e r  l i n k  e q u i v a l e n t  p r o t e c t i o n  m a r g in  o f  a s s i g n m e n t  A i n  
f r e e  s p a c e  c o n d i t i o n s ,  t a k i n g  a c c o u n t  o f  a l l  i n t e r f e r e n c e  s o u r c e s  
a f f e c t i n g  A i n  t h e  v i s i b l e  a r c  a t  t h e  w o r s t  t e s t  p o i n t s ,  n a m e ly :

-  f o r  a s s i g n m e n t  A: t h e  p o i n t  c o r r e s p o n d i n g  t o  t h e  minimum C/N r a t i o

-  f o r  each  i n t e r f e r e n c e  s o u r c e  a f f e c t i n g  A: t h e  p o i n t  c o r r e s p o n d i n g  t o  
t h e  maximum i n t e r f e r e n c e  power a f f e c t i n g  A.

c )  C a l c u l a t e  f o r  t h e  a s s i g n m e n t  s t u d i e d  t h e  r a i n  a t t e n u a t i o n  f o r  0 .1 Z  o f  t h e  
w o r s t  month an d  t h e  c o r r e s p o n d i n g  r a i n  d e p o l a r i z a t i o n  v a l u e  a t  a l l  t e s t  
p o i n t s  ( s e e  S e c t i o n s  3 . 4 . 1  and  3 . 4 . 2 ,  r e s p e c t i v e l y ) .

d) R e c a l c u l a t e  t h e  f e e d e r  l i n k  e q u i v a l e n t  p r o t e c t i o n  m a rg in  o f  a s s i g n m e n t  A 
t a k i n g  i n t o  a c c o u n t  t h e  r a i n  e f f e c t s  a t  t h e  a s s i g n m e n t  s t u d i e d  a t  t h e  
w o r s t  t e s t  p o i n t s ,  n a m e ly :

-  f o r  a s s i g n m e n t  A: t h e  t e s t  p o i n t  u s e d  i n  b ) a b o v e

-  f o r  t h e  a s s i g n m e n t  s t u d i e d :  t h e  w o r s t  t e s t  p o i n t  c o r r e s p o n d i n g  t o  t h e  
maximum i n t e r f e r e n c e  pow er a f f e c t i n g  A .*

At t h i s  s t a g e ,  t h e  e . i . r . p .  o f  t h e  a s s i g n m e n t  s t u d i e d  i s  o f  t h e  n o m in a l  
v a l u e .

e )  I n c r e a s e  t h e  e . i . r . p .  o f  t h e  a s s i g n m e n t  s t u d i e d  by 0 .1  dB and r e c a l c u l a t e  
t h e  e q u i v a l e n t  u p - l i n k  m a r g in  o f  A a s  i n  d ) a b o v e .

f )  R e p e a t  t h e  o p e r a t i o n  o f  e ) a b o v e  u n t i l  t h e  e q u i v a l e n t  u p - l i n k  m a r g in  o f  
a s s ig n m e n t  A i s  i m p a i r e d  by more t h a n  0 . 5  dB i n  r e l a t i o n  t o  t h e  v a l u e  
fo u n d  u n d e r  b ) a b o v e ,  o r  u n t i l  t h e  e . i . r . p .  i n c r e a s e  e x c e e d s  10 dB o r  t h e  
r a i n  a t t e n u a t i o n  c a l c u l a t e d  t h e  a s s i g n m e n t  s t u d i e d  a t  t h e  w o r s t  t e s t  p o i n t  
( s e e  s t e p c ) ) .  A dopt t h e  e . i . r . p .  i n c r e a s e  i n  t h e  p r e c e d i n g  i t e r a t i o n  
s t e p .

g) R e p e a t  th e  o p e r a t i o n s  i n  s t e p s  b )  t o  f )  a b o v e  ( i n c l u s i v e ) ,  c o n s i d e r i n g  t h e  
a s s i g n m e n t s  B, C , . . .

h )  Adopt t h e  s m a l l e s t  o f  t h e  i n c r e a s e s  i n  e . i . r . p .  fo u n d  u n d e r  f ) a b o v e  f o r  
t h e  v a r i o u s  a s s i g n m e n t s  A, B, C . . .

* T h i s  t e s t  p o i n t  may i n  g e n e r a l  n o t  be t h e  same a s  t h a t  c a l c u l a t e d  u n d e r  b )
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Instantaneous rain  a tten u ation  (dB) 

FIGURE 14

Characteristic for up-link power control

Ejg.te;

P: The value of permitted increase given in the feeder-link Plan for Regions 
1 and 3 countries, which varies for each assignment. The upper limit of 
this value is 10 dB.

5 . 4 . 5  Conclusions

One a p p l i c a t i o n  o f  pow er c o n t r o l  w o u ld  b e  t o  i n c r e a s e  t h e  f e e d e r  l i n k  
a v a i l a b i l i t y  a b o v e  t h a t  u s e d  f o r  p l a n n i n g .  I n  t h i s  a p p l i c a t i o n ,  t h e  i n c r e a s e  i n  
p ow er w o u ld  b e  l i m i t e d  t o  t h a t  am ount w h ic h ,  a s s u m in g  p e r f e c t  i m p l e m e n t a t i o n ,  
w o u ld  r e s u l t  i n  no i n c r e a s e  i n  i n t e r f e r e n c e  t o  o t h e r  f e e d e r  l i n k s .

A n o th e r  u s e  o f  pow er c o n t r o l  w o u ld  b e  t o  m in im iz e  t h e  t r a n s m i t t e d  pow er  
r e q u i r e d  e x c e p t  f o r  s m a l l  p e r c e n t a g e s  o f  t i m e .  Power c o n t r o l ,  r a t h e r  t h a n  a  
f i x e d  m a r g in ,  w o u ld  b e  u s e d  t o  c o m p e n s a te  f o r  r a i n  a t t e n u a t i o n .  I n t e r f e r e n c e  t o  
o t h e r  f e e d e r  l i n k s  c o u l d  i n c r e a s e  ab o v e  t h e  c l e a r  s k y  v a l u e .

Use o f  p o w er  c o n t r o l  i n  t h e  l a t t e r  a p p l i c a t i o n  t o  m a i n t a i n  a  d e s i r e d  C/N 
a n d  C / I  i n  t h e  p r e s e n c e  o f  r a i n f a l l  a t t e n u a t i o n  c l e a r l y  h a s  b e n e f i t s  a n d  
d i s a d v a n t a g e s  i n  t h e  c a s e  o f  c o - l o c a t e d  c r o s s - p o l a r i z e d  s a t e l l i t e s .  On t h e  one 
h a n d ,  C / I  i s  im p ro v e d  when r a i n  o c c u r s  on  t h e  d e s i r e d  p a t h  w h i l e  on  t h e  o t h e r  
h a n d  C / I  i s  d e g r a d e d  when r a i n  o c c u r s  on t h e  i n t e f e r i n g  p a t h .  The d e c r e a s e  i n  
C / I  due t o  r a i n  on  t h e  w a n te d  p a t h  i s  e q u a l  t o  t h e  r a i n f a l l  a t t e n u a t i o n  i n  t h e  
a b s e n c e  o f  pow er c o n t r o l .  F i g u r e s  11 t o  13 show t h a t  t h e  d e c r e a s e  i n  C / I  due  t o  
r a i n  on t h e  i n t e r f e r i n g  p a t h  i s  l e s s  t h a n  t h e  r a i n f a l l  a t t e n u a t i o n  when pow er  
c o n t r o l  i s  u s e d .  S t u d i e s  i n  [CCIR, 1 9 8 2 -8 6 d ]  v e r i f y  t h i s  r e s u l t  a n d  c a l c u l a t e  
t h e  d i f f e r e n c e  i n  d e g r a d a t i o n  o f  C / I  a s  4 . 3  dB i n  t h e  p r e s e n c e  o f  a  10 dB r a i n  
f a d e ,  d e p o l a r i z a t i o n  c o r r e s p o n d i n g  t o  a  10 dB r a i n  f a d e ,  a n d  a  f e e d e r - l i n k  
e l e v a t i o n  a n g l e  o f  3 0 ° .
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The above result offers the possibility that power control might alleviate the adjacent, cross-polar­
ized channel interference problem, associated with co-located satellites. When combined with depolariza­
tion control (§ 5.5). power control could further minimize the variation of C / I  in the presence of rain.

T h e r e  a r e  p o s s i b l e  d i s a d v a n t a g e s  o f  t h e  u s e  o f  p ow er  c o n t r o l  t o  m in im iz e  
d e g r a d a t i o n  o f  C / I  due  t o  a t m o s p h e r i c  e f f e c t s .  A l l  f e e d e r - l i n k  s t a t i o n s  m u s t  u s e  
pow er c o n t r o l  f o r  t h e  b e n i f i t s  t o  be  r e a l i z e d .  F u r t h e r m o r e ,  c o n t r o l  o f  t h e  
i n t e r f e r e n c e  e n v i r o n m e n t  p a s s e s  f rom  t h e  f e e d e r  l i n k  on  t h e  v i c t i m  p a t h  t o  t h e  
f e e d e r  l i n k  on  t h e  i n t e r f e r i n g  p a t h .

O p t im a l  u s e  o f  u p l i n k  pow er c o n t r o l  r e q u i r e s  a c c u r a t e  m e a s u re m e n t  o f  t h e  
r a i n  a t t e n u a t i o n .  T h i s  i s  e s s e n t i a l  t o  m a i n t a i n  t h e  op tim um  p ow er  f l u x  d e n s i t y  
a t  t h e  s a t e l l i t e ,  t h u s  e n s u r i n g  optim um  o p e r a t i o n  a t  t h e  r e q u i r e d  i n p u t .  F o u r  
m e th o d s  a r e  p o s s i b l e ,  e a c h  h a v i n g  some i n h e r e n t  d i f f i c u l t i e s .  When u p l i n k  pow er 
c o n t r o l  i s  t o  b e  a p p l i e d ,  t h e  m e thod  m o s t  s u i t e d  t o  t h e  p a r t i c u l a r  s y s t e m  
r e q u i r e m e n t s  s h o u l d  b e  a d o p t e d .

M ethods  o f  i m p le m e n t in g  u p l i n k  r a i n  c o m p e n s a t i o n  a r e  d e s c r i b e d  i n  
Annex I I I .

5.5 Compensation fo r  depolarization

Compensation for depolarization is the rapid, automatic adjustment of the polarization of feeder-link 
signals from earth stations to maintain the desired polarization at the satellite receiving antenna under varying 
atmospheric conditions. Theoretical studies indicate that the cross-polarized com ponent of a circularly-polarized 
18 GHz signal might be held 25 dB below the co-polarized com ponent [CCIR, 1978-82g; Fromm and 
McEwan, 1981; Bradford University, 1981], during both clear-sky and rain (or ice) conditions. This technique 
could be realized with little additional hardware in the transmitting station.

Depolarization compensation would appear to be of value for feeder links to broadcasting satellites only if 
power control were employed and then only for co-located satellites. In the event that power control is not used, 
an increase in interference would only occur for ice depolarization in the absence of rain attenuation on the 
interfering path. The increase in interference would have to occur at the same time the desired signal is faded to 
its value at 1% of the worst month for an unsatisfactory C / / t o  result. The joint probability for the occurrence of 
both events is smaller than 1% of the worst month.

Only the combined application of feeder-link power control and compensation for depolarization would 
provide major improvements in C / I  for interference-critical feeder links. Studies have shown that such techniques 
can be introduced at any time with the provision of a suitable earth transm itting station only. There are no 
implications for the satellite design [CCIR, 1978-82g, Fromm and McEwan, 1981; Bradford University, 1981]. 
Obviously, earth-station e.i.r.p. levels then need to be raised during adverse propagation conditions above the 
maximum level used during clear-sky conditions. Another study has dem onstrated the compatibility of such a 
technique with a  feeder-link plan which is based on the principle, o f maximum e.i.r.p. levels for feeder-link 
transmitting earth stations [CCIR, 1982-86e].

5.6 Diversity operation o f  feeder links

The technique of site diversity to achieve greater availability o f satellite links is well documented. 
Report 564 indicates that the probability of attenuation being exceeded simultaneously at two sites is less than the 
probability of the same attenuation being exceeded at one of the sites by a factor which decreases with increasing 
distance between the sites and with increasing attenuation. The relative jo in t probability is defined as the ratio o f 
the former probability to the latter probability and is plotted in Fig. 15 for attenuations up to 10 dB and site 
separation up to 25 km on the basis of a log-normal distribution of rain cells [Strickland, 1974]. It is noted that 
for any given distance between diversity sites, the relative joint probability decreases rapidly with attenuation and 
remains almost constant for attenuation greater than about 10 dB. This jo in t probability data is used to illustrate 
the effect of site diversity on C / Nu and cross-polar C / / u.
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The availability of high values of C / N u and C / / u during rain is mainly governed by rain attenuation in 
the case where it rains at the wanted feeder-link site only. This rain scenario is considered the worst case since 
both the C / N u and C / I u decrease on a dB-per-dB basis during rain. Figure 15 indicates that under these 
worst-case conditions, the use of site diversity with diversity stations separated by a least 10 km would provide at 
least a factor of 10 improvement in the availability of high values of C /  Nu and C / / u for attenuation values 
greater than about 5 dB. In other words, the C /  Nu an d /o r  the C / I u ratios exceeded for 99% of the worst month 
without site diversity (assuming an attenuation of at least 5 dB) could be made to correspond to an availability, 
exceeded for 99.9% of the worst month by using site diversity with diversity stations separated by at least 10 km. 
A further improvement in availability by an additional factor of 10 is possible with diversity stations separated by 
at least 20 km. Clearly, the use of site diversity is most advantageous where the combination of rain rate and 
elevation angle gives high values of signal attenuation because the relative joint probability decreases to a 
minimum with increasing attenuation for any given separation distance between diversity stations.

Distance between

Rainfall attenuation (dB)

FIGURE 15 -  Relative jo in t probability o f  site diversity as a function o f  rainfall 
attenuation and distance between diversity sites

The use of site diversity can only increase the availability of high values of C /  Nu and C /  Iu relative to the 
values calculated in a plan which is based on a single feeder-link station. Therefore, the Region 2 Plan permits the 
use of site diversity in the implementation of feeder links.

Even though the use of site diversity can effectively compensate for the effects o f rain and depolarization, 
the cost and complexity of diversity stations may be significant. The use of diversity for transportable stations is 
particularly problematic from the standpoint o f cost and operational complexity.

6. Satellite receiving antenna characteristics

The characteristics of the satellite receiving antenna are, to a large extent, governed by the type of service 
envisaged in the BSS. The receiving antenna may be implemented in a number of different ways depending on its 
system use. They include: separate fixed aperture, separate pointable aperture, common aperture separate feeds 
and common aperture shared feeds.

Design considerations of satellite antennas are given in Report 558 and, for the aspect o f polarization, 
greater details are given in. Report 555.

Report 558 discusses beam shaping methods and Report 810 discusses advances in antenna technology to 
enable reduction of radiation levels outside the desired service area.
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From the standpoint of spacecraft cost, complexity and weight, a common transm it/receive antenna would 
be advantageous. In this case, the cross-polar gain, beamwidth, pointing accuracy and the radiation pattern would 
be tied to the down-link antenna characteristics. In the case where feeder-link and down-link service areas do not 
overlap, the WARC-BS-77 reference patterns in Report 810 are applicable for non-shaped beams with circular or 
elliptical cross section except for degraded cross-polar performance. For shaped beams, the possible new pattern 
would apply.

When shaped beams are used for overlapping feeder-link and down-link service areas, the feeder link 
receiver feeds coincide geometrically with the down-link feed clusters and the feeds must be shared. There is a 
paucity of data for antenna performance across a wide frequency range such as between 12 and 18 GHz. The 
main problems will be cross-polar performance and side-lobe control. Feeder-link performance is critically 
dependent on a high value for cross-polarization discrimination. Care will be required in the design of the satellite 
antenna to avoid a degradation of 3 to 5 dB in cross-polar performance.

In accordance with Reports 558 and 810, consideration should be given to the fact that a particular 
antenna configuration can be more readily optimized when only one frequency band is involved. When the feeder 
links and down links are serviced by a common antenna and the frequency bands have a ratio of 1.5 : 1, the 
resulting minimum gain is about 0.5 dB lower than the optimum value achievable within the service area if 
separate antennas are used.

6.1 Use o f  the sam e antenna fo r  feeder link and down link

6.2 Use o f  separate antennas fo r  feeder link and down link

Separate receiving antennas would offer greater flexibility in terms of independence of the feeder-link 
frequency, polarization and service area.

A separate, fixed aperture feeder-link antenna is the exact parallel o f the down-link antenna, and hence its 
performance should be identical and the same patterns would apply if the same design care is exercised.

It may be desirable that considerable numbers of small fixed or transportable feeder-link stations operate 
from a feeder-link service area that is smaller, equal to or even larger than the down-link service area. A separate, 
pointable satellite receiving antenna would be useful in this case. As an example, for design simplicity, the 
antenna could be small, say 1.5 m in diameter, and mechanically steerable. However, side-lobe and cross-polar 
performance could be degraded because of interference caused by the feeds and supporting strut, if a prime focus 
feed is used. Because of required feeder-link isolation, it is important to use off-set feeds to avoid degradation of 
side lobes and cross-polarization discrimination to around 25 dB.

6.3 Antenna size and beamwidth
/

The beamwidth of the satellite receiving antenna is determined primarily by the locations of the feeder-link 
earth stations. At one extreme, there may be only a single fixed earth station, located most often near the centre of 
the service area but, in some cases, outside the service area. At the other extreme, there may be considerable 
numbers of small fixed or transportable feeder-link stations operating from any point within the broadcasting- 
satellite service area or, even in some cases, outside the down-link service area.

Where there is only a single earth station or when earth station locations are confined to a small 
geographical region, a general study carried out in France for Region 1 [CCIR, 1978-82h] has shown it would be 
highly advantageous from an interference point of view to use narrow beam satellite antennas, as for example
0.6° beam. Use of such antennas would also tend to reduce earth-station e.i.r.p. by increasing the satellite 
figure-of-merit G / T .  Narrow beam steerable antennas can also be advantageous in improving interference and 
increasing the satellite G/ T .
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When there are a number of feeder-link earth stations providing simultaneous feeds from locations 
throughout, or even outside the down-link service area, as may be the case in multibeam satellite systems for the 
broadcasting of national programmes from locations inside a country, two cases may be identified:

— if access is to be provided from only one or few known locations, a small service area served by a small spot 
beam satellite receiver antenna can be planned;

— if the locations of the national transmitters are not known prior to the plan or if access from anywhere within 
the country is desired, e.g., for transportable terminals, a country-wide feeder-link service area needs to be 
planned.

The range of interest of the satellite receiving antenna gain at the — 3 dB edge of coverage area varies 
from about 28 dBi for a large country-wide feeder-link beam of 3° x 8° to 45 dBi for a small spot beam of 0.6° 
diameter.

6.4 Antenna pointing accuracy

. Under the Final Acts of the WARC-BS-77, the pointing accuracy of the satellite transmitting antenna must 
be within 0.1°. Pointing accuracy is also important for receiving antennas, particularly those with narrow beams.

A quantitative indication of the effect of relaxing the pointing accuracy requirement on the satellite 
receiving antenna from 0.1° to 0.2° is provided by a French study [CCIR, 1978-82h]. This study shows that, at 
least for the WARC-BS-77 Plan, assuming that the position of each feeder-link earth station is at the centre of the 
corresponding beam in the WARC-BS-77 Plan, an increase in the receiving antenna pointing error from 0.1° 
to 0.2° does not appreciably worsen the interference situation.

Should only one antenna be used for transmission and reception, the pointing accuracy of 0.1° for the 
receiving antenna is governed by the Radio Regulations. Where two separate reflectors are used for transmission 
and reception, one solution is to attach the reflector to the body of the satellite in a manner such that the 
transmitting antenna can be steered using an automatic pointing mechanism operating by detection of a land 
radio-frequency beacon. With this precise antenna pointing system, a transm it reflector can be stabilized to 
within 0.1°.

The pointing accuracy of 0.2° mentioned above can be achieved by using signals from the control system 
for the transmitting antenna described above [CCIR, 1978-82i], >

As the pointing error tolerances are increased, however, antennas with smaller diameters (i.e. larger beam 
size) become necessary in order to assure service area coverage and this has a deleterious effect on frequency 
re-use.

Report 558 discusses the effect o f pointing accuracy upon variation of gain within a given service area.

It is believed that pointing accuracies of ± 0 .1 °  in direction and ±  1° in rotation about the beam axis are 
readily achievable and may be used for planning purposes. These tolerances would be consistent with the 
tolerances suggested for the satellite transmitting antenna on the down link.

6.5 Antenna reference pattern

If both the transmitting and receiving satellite antennas are based on the same technology, it is desirable 
that both antennas should have the same reference patterns. With regard to purity of polarization and the side 
lobes, however, a greater tolerance can be allowed for the receiving antenna. This was shown by several studies 
carried out by ESA and EBU [CCIR, 1978-82j], by France [CCIR, 1978-82i] and by Japan [CCIR, 1978-82k], 
which considered interference in a feeder-link plan directly translated from the WARC-BS-77 Plan, assuming the 
following receiving antenna characteristics:
— the same antenna patterns as established by the WARC-BS-77, both for the co-polar and cross-polar 

components;
— higher first side-lobe of the co-polar component;
— higher cross-polar component near the beam axis.

These studies show that in the WARC-BS-77 Plan there may not be significant increase in interference 
resulting from relaxation of the cross-polar component near the beam axis to —33 dB or even —30 dB below 
on-axis antenna gain. This conclusion is not applicable to Region 2.
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As for the co-polar com ponent, a relaxation of up to 10 dB in the region of the first side-lobe may not 
significantly increase the interference between feeder links in Region 1 and in most feeder links in Region 3, 
except that at certain orbital positions in Region 3, the worst value of adjacent channel carrier-to-interference 
ratios may be degraded by 4.2 dB. Even this degradation may not be significant.

In the case of co-located satellites serving common or adjacent service areas on adjacent cross-polarized 
channels, the purity of polarization may be critical to achieving necessary C / I  ratios.

When a fast roll-off or shaped beam antenna has been used for transm itting in order to promote frequency 
re-use, a fast roll-off or shaped beam antenna may also be needed for receiving. The side-lobe roll-off of the 
receiving antenna must be rapid to avoid impacting on service area separations needed for frequency re-use.

In the case of the Region 2 planning, done at the RARC SAT-83, the same antenna reference patterns 
were used for the receiving and the transmitting satellite antennas. These co-polar and cross-polar patterns are 
described in Report 810.

For Regions 1 and 3, the WARC ORB- 88 adopted the characteristics detailed in the following:

6.5.1 Satellite receiving antenna

If a common transm itting/receiving antenna is used, the cross-polar gain, beamwidth, pointing 
accuracy and radiation pattern would be dependent upon the down-link antenna characteristics.

Where separate antennas are used for transmitting and receiving, the parameters of the receiving 
antenna are given in the following sub-sections. Separate receiving antennas offer greater flexibility in 
terms of independence of the feeder-link frequency, polarization and service area.

6.5.2 Cross-section o f  receiving antenna beam

Initial planning is to be based on beams of elliptical or circular cross-section. If the cross-section 
of the receiving antenna beam is elliptical, the effective beamwidth cp0 is a function of the angle of rotation 
between the plane containing the satellite and the major axis of the beam cross-section and the plane in 
which the beamwidth is required.

The relationship between the maximum gain of an antenna and the half-power beamwidth can be 
derived from the espression: *

a and b are the angles (in degrees) subtended at the satellite by the major and minor axes of the elliptical 
cross-section of the beam.

A minimum value of 0.6° for the half-power beamwidth is adopted for planning, except where an 
administration requests a lower value for its own beams.

6.5.3 Co-polar reference pattern

The co-polar reference pattern is given by the formula:

Co-polar relative gain (dB) (see Fig. 16, curve A)

Gm = 27843/aft

or:

G ^dB) =  44.44 — log a — log ft

where:

G =  — 12(cp/(p0)2 

G =  —17.5 — 25 log((p/(p0)

for 0 (p/<po <  1.30

for <p/<Po > 1-30

After intersection with Curve C: as curve C (curve C equals minus the on-axis gain).
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Relative angle, v?/V0

FIGURE 16 -  Satellite receiving antenna reference pattern fo r Regions 1 and 3 
adopted by the WARC ORB- 88

Curves A: co-polar component (see § 6.5.3)
B: cross-polar component (see § 6.5.4)
C: minus the on-axis gain (curve C in this figure 

illustrates the particular case of an antenna with 
an on-axis gain of 43 dBi)

Note. -  This receiving antenna reference pattern differs from that of the WARC-BS-77 transmitting antenna pattern.

6.5.4 Cross-polar reference pattern

The cross-polar reference pattern is given by the formula: 

Cross-polar relative gain (dB) (see Fig. 16, curve B)

G  30 -  12(<p/<po)2

G =  - 3 3

for 0 <  <p/<Po <  0.5

for 0.5 <  <p/<Po <  1-67

G = -  [40 +  40 log | <p/(p0 -  11 ] for tp/cpo >  1 -67

After intersection with curve C : as curve C (curve C equals minus the on-axis gain).
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6 . 5 . 5 Use of fast: roll-off antennas

In  o r d e r  t o  r e d u c e  c o - p o l a r  i n t e r f e r e n c e ,  t h e  p a t t e r n  shown i n  F i g u r e  17 
b een  u se d  f o r  some a s s i g n m e n t s .  T h i s  p a t t e r n  i s  d e r i v e d  from  an a n t e n n a  
p r o d u c in g  an e l l i p t i c a l  beam w i t h  f a s t  r o l l - o f f  i n  t h e  m ain  l o b e .  T h re e  
c u r v e s  f o r  d i f f e r e n t  v a l u e s  o f  ^  a r e  shown a s  e x a m p le s .

FIGURE 17 R e l m » e  a n g le  <® /< o0)

R e f e r e n c e  p a t t e r n s  f o r  c o - p o l a r  and  c r o s s - p o l a r  co m p o n en ts  
f o r  s a t e l l i t e  r e c e i v i n g  a n t e n n a s  w i t h  f a s t  r o l l - o f f  

i n  t h e  m ain  beam f o r  R e g io n s  1 and -3

C urve A: C o - p o l a r  com ponen t (dB r e l a t i v e  t o  m ain  beam g a i n )  

-1 2  ( f / f  )2

- 3 3 . 3 3  f o s (f/fo -  x )  

- 2 5 . 2 3

- ( 2 2  + 20 l o g  (f/T )) 
' o

f o r  0 < f / f  < 0 .5  — o ~

f o r  0 .5  < f / f 0 < 0 . 8 7 / f o + x

f o r  0 . 8 7 / f  + x < f / f  < 1 .4 1 3
‘ o o —

f o r  f/f > 1 . 4 1 3

a f t e r  i n t e r s e c t i o n  w i t h  c u r v e  C: a s  c u rv e  C

C urve  B: C r o s s - p o l a r  com ponent (dB r e l a t i v e  t o  m ain  beam g a i n )

- 3 0  f o r  0 < f /f < 2 .5 1  
o

a f t e r  i n t e r s e c t i o n  w i t h  c u r v e  A: a s  c u r v e  A

2

h a s
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Curve C: Minus the on-axis gain (Curves A and C represent examples for three
antennas having different values of as labelled in Figure 17 .
The on-axis gains of these antennas are 37, 43 and 49 dBi, 
respectively).

where f - off-axis angle (degrees)
f - dimension of the minimum ellipse fitted around the feeder-link
° service area in the direction of interest (degrees) ■

0 . 6  '

0.5 1 ~
<P‘

7. Automatic gain control (AGC)

AGC on board spacecraft minimizes the effect of rain fades at the feeder-iink station on the down-link
C /N  ratio by keeping the TWTA at saturation. The AGC operates on individual channels and increases the
transponder gain of the wanted signal and of any portion of an interfering signal which falls within the filter 
bandwidth of the wanted channel. Therefore, during rain at the feeder-link station(s) the use of AGC permits the 
operation of the transponder close to saturation but the ratio of the wanted carrier to the portion of the interfering 
adjacent cross-polarized carrier which falls into the filter bandwidth of the wanted channel remains constant. 
Therefore, the use of AGC has no effect on the cross-polar C / / u of the two feeder links under consideration.

However, the satellite using AGC radiates on the down link a constant level of the wanted signal which is 
attenuated on the feeder link, but re-radiates on the down link a higher level of the interfering cross-polar signal 
on the adjacent channel, which is not attenuated when there is no rain on the interfering feeder link. This 
situation may cause an increase in down-link interference to other systems receiving this re-radiation as co-channel 
interference. This problem could be significant only for co-located satellites serving common or adjacent service 
areas.

A limit on the range of AGC, in co-located satellites with cross-polarized channels, to less than 10 to
15 dB may be needed to guard against this problem of re-radiation on the down link. This problem can be
reduced if satellites with cross-polarized channels serving the same service area or adjacent service areas are 
separated by at least 0.3° on the geostationary orbit. Non-co-located satellites with cross-polarized channels need 
not be subject to this limit of AGC range. A 10 dB limit on AGC range could be insufficient to maintain a 
constant TWTA output in some rain climates for certain elevation angles. The use of some other mechanism 
(power control, site diversity) might be required in these circumstances to maintain a constant signal level on the 
down link.

The Region 2 feeder-link Plan is based on a limit of 15 dB on the dynamic range of AGC on board some 
cross-polarized spacecraft to guard against this problem of re-radiation on the down link.

8. Choice of polarization for feeder links

The choice of feeder-link polarization affects:

— the possible interference into feeder links operating on the same channel or adjacent channels due to 
atmospheric depolarization;

— the sharing with other services operating in the same frequency band;

— the design of the satellite antennas and transponder systems.

There are two factors to be determined:
— the type of polarization (i.e., circular or linear);
— the sense o f polarization (i.e., same or opposite to that of the down link).

The choice of feeder-link polarization will have to take into account the down-link polarization. The same
type of polarization for both feeder and down link will normally benefit the satellite antenna design, permitting a
less complex and lighter construction.
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If the same type of polarization is used for both links, then the relative merits of the sense of polarization 
depend on the design of the satellite antenna. The use of the same sense of polarization is beneficial to the design 
of satellite antennas with specially shaped beams, using a multiple feed into a single reflector, and has been 
adopted in the Region 2 Plan. However, it relies totally on frequency selectivity to provide isolation between the 
transponder input and output. On the other hand, use of the opposite sense of polarization permits the use of a 
simple single feed into a common reflector for circular or elliptical beam shapes, and is being assumed in certain 
proposals for feeder-link plans for Regions 1 and 3. For circular polarization the feed is connected through a 
polarizer to an orthogonal mode coupler to separate transmitting and receiving paths, giving additional isolation 
of typically 30 dB. thus easing filtering requirements in the transponder. The latter approach has generally been 
taken in planning studies conducted in Region 1.

Regarding the effect on sharing with other services, it will be the relatively wide angle side-lobes of 
co-polar and cross-polar radiation patterns of the earth-station antenna which are important. These will be at 
about the same level regardless of the type of polarization. Hence, the choice of polarization will make little 
difference in the interference into terrestrial services and the fixed-satellite service in the space-to-Earth direction.

When satellites are separated by more than about 10°, the type an d /o r  sense of polarization need not be 
specified for planning purposes.

Feeder-link interference is most critical between co-located or neighbouring satellites serving the same or 
adjacent coverage areas, thus making the value of the cross-polar discrimination a key parameter value for 
feeder-link planning. Linearly polarized antennas have better cross-polar discrimination than circularly polarized 
antennas. Table v gives typical XPD values.

TABLE V — Cross-polar discrimination characteristics, 
XPD (dB) o f  feeder-link antennas

Type of  
polarization

Antenna

Earth-station
transmit

Satellite
receive

Linear 35 33

Circular 30 27

The CC IR rain model (see Report 564) predicts a very small differential in attenuation between vertical 
and horizontal polarization for small values of attenuation and increasing to about 1.5 dB differential at 15 dB 
attenuation. The model also predicts that the attenuation of circularly polarized waves is the median between the 
attenuation of the vertical and horizontal polarization and that the cross-polar depolarization of true vertical and 
true horizontal polarization can be up to 15 dB better than that of circular polarization (see Report 814).

8.1 Rain at one site

The effect of misalignment (3r  on the cross-polar C / I  of feeder links is illustrated in F i g .  18 for the case 
when it rains at the wanted site only. The cross-polar channels are used by the same satellite or another co-located 
satellite serving an adjacent coverage area. If the coverage areas overlap significantly, the cross-polar channels 
could suffer up to 3 dB more interference than indicated in. F i g .  18 .  The figure shows that under clear-sky 
conditions and under rain conditions, circular polarization offers better C / I  for any misalignment greater than 
about 3°. This is illustrated for values of attenuation up to 15 dB. The effect o f tilt angle on linear polarization 
C / I  degradation during rain is small as indicated by the similar performance of the vertical and horizontal 
polarization. This is because the interfering signal is not attenuated or depolarized.
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FIGURE 18 -  Cross-polar C/I o f feeder links in the presence o f rain at the wanted site only

—  —  —  clear sky 

— — ——  attenuated

8.2 Rain at both sites

When it rains at both the wanted and the interfering transm itter sites, the combined effects of rain and 
misalignment on C / I  are complicated by the contribution of the depolarization of the interfering signal. This rain 
scenario is applicable to two nearby feeder-link earth stations transmitting cross-polarized channels to the same 
satellite or to co-located satellites. The effect of misalignment and tilt angles on linear polarization is illustrated in 
F ig . 1 9 for a 4.5 dB attenuation and in F ig . 2 0 for a 15 dB attenuation (see also Annex I to Report 814).
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FIGURE 19 _ Cross-polar C tl o f  feeder links in the presence o f  4.5 dB 
o f  rainfall attenuation at the wanted and interfering nearby sites

—  — —  clear sky
■ ■ 4.5 dB of rainfall attenuation

Misalignment, (Sj (degrees) ■

FIGURE 20 - Cross-polar C/7 o f  feeder links in the presence o f  15 dB  
o f  rainfall attenuation at the wanted and interfering nearby sites

— --  clear sky
.   —  15 dB of rainfall attenuation



486 R e p .  9 5 2 - 2

Circular polarization (CP) cross-polar discrim ination { X P D )  is independent o f  both the rotational 
alignm ent o f  the transm itting and receiving antenna polarizers and the orientation o f  the local horizontal and  
vertical vectors. Linear polarization (LP) is capable o f  better X P D  than is CP, but only if  the rotational alignm ent 
o f  the LP transm itting and receiving antennas is m aintained within 2° and the transm itting antenna polarization  
tilt angle is less than 20°.

For feeder-link service areas up to several hundred kilom etres in diam eter and satellite elevation angles 
less than 60° (late eclipse slots a n d /o r  non-equatorial service areas), the variation o f  the tilt angle across each such  
service area is no more than approxim ately 20°. For such service areas, the local vertical (or horizontal) LP vector  
could  be defined at the area's centre, or could be o ff-set som ew hat towards a sub-area o f  heavier precipitation. 
The rotational alignm ent o f  each feeder-link transm itting antenna polarization within the service area could be 
adjusted, according to the equation in A nnex 1 to Report 814 so that co-linearity with the BSS receiving antenna  
is achieved. This alignm ent could be m aintained to ±  0.5° on the ground. The satellite antenna rotation tolerance  
is ±  1.0°. This tolerance could  be reduced further, if  necessary, by polarization tracking techniques on the 
satellite.

For larger service areas (for example the contiguous United States), within which the tilt angle varies by 
many tens of degrees, the 20° tilt angle could be exceeded. The concept o f “progressive” linear polarization 
[Ohm, 1981] provides the theoretical basis for a BSS feeder-link satellite receiving antenna which is not subject to 
this tilt angle limitation; but until a satellite antenna based on this concept has been successfully demonstrated, 
this concept should not be used for BSS planning. The same system advantage could be obtained mechanically by 
using a steerable satellite receiving antenna of very narrow beamwidth (for example 0.5°) which when pointed 
towards any location visible from the satellite has its polarization vector rotated to be co-linear with local 
horizontal (or vertical) feeder-link transmitting antennas.

Either the progressive LP method or the polarization method of Annex I to Report 814 would provide 
adequate XPD within a service area served by its satellite cluster. For contiguous or overlapping service areas, 
only the progressive LP satellite antenna (either mechanical or electrical) would permit a feeder-link transmitter 
antenna located at the common service area border to be properly aligned as seen from both satellite clusters. 
However, as discussed in § 4.1, for 5 m feeder-link transmitter antennas, adequate isolation (cross- or co-polar) 
already exists between satellite clusters at least 10° apart. •

8.3 M isa lignm en t .

9. General planning considerations

Planning of the feeder links can be done simultaneously with planning of the down links or it can take 
place separately at a later time. Simultaneous planning is discussed in Report 633. This section discusses some 
features of feeder-link planning that must be considered in either case.

9.1 Feeder-link frequency

In general, for a given size of antenna, the higher the frequency the more directional is the satellite 
receiving antenna and the more the interference decreases. However, propagation effects including depolarization 
will be more severe the higher the frequencies. According to studies carried out in Japan [CCIR, 1978-821], in 
practice, as far as the worst carrier-to-interference ratios are concerned, there is little difference between the two 
feeder-link systems using the frequency bands 14 GHz and 17 GHz.

9.2 Antenna location and size

In planning the feeder links to broadcasting satellites, the operational requirements o f the broadcasting- 
satellite service should be taken into account. The capability o f feeding a television programme directly to a 
broadcasting satellite from locations where there is no practical means to transm it the signal to the permanent 
transmitting earth station is o f m ajor importance, particularly in the case of large or mountainous service areas. 
The use of relatively small and transportable earth stations for feeder links to broadcasting satellites should be 
considered under this light.
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The broadcasting-satellite systems of small countries may have a single feeder- and down-link beam. 
Access to the satellite system may be derived from one or a few locations or from anywhere within the country. If 
the locations are known in advance of the plan, feeder-link service areas smaller than the down-link service area 
may be planned and the satellite may be equipped with a spot beam receiving antenna. If the locations of the 
earth stations are not known in advance of the plan, or if access from anywhere within the down-link service area 
using small transportable terminals is desirable, a country-wide feeder-link service area needs to be planned.

Geographical considerations (e.g., time zones) in a country an d /o r cultural diversity of its population may 
dictate the requirement of multiple down-link beams. In this case, the feeder-link antenna for each beam may be 
either located inside each respective down-link service area, located at specific locations inside the country, or 
located anywhere inside the country. If it is desired to locate the earth station only inside each respective 
down-link service area, coincidental feeder-link and down-link service areas may be planned. However, 
programmes originating from outside the down-link service area for broadcasting inside the down-link service area 
may need to be distributed via terrestrial systems or via fixed satellites.

If it is desired to locate the earth station anywhere inside a country served by several beams, direct access 
to the broadcasting satellite may be achieved with the planning of a country-wide feeder-link service area. 
Programmes originating from outside the down-link service area would directly access the broadcasting satellite 
using the planned feeder-link frequency bands.

Planning of feeder links based on one size of earth station and a maximum transm itting power value 
would result in greater homogeneity between feeder links. For a given antenna size and a given co-channel 
protection ratio, there is an orbital separation beyond which the interference from unwanted feeder-link stations 
becomes negligible and need not be considered in the planning of feeder links. As an example, for a 5 m antenna 
diameter and a side-lobe envelope meeting the 29 -  25 log <p (dBi) reference pattern, the satellites have to be 
separated by at least 7.5° to attain an isolation of 40 dB in the presence of 10 dB differential rain attenuation to 
permit frequency re-use. In this example, co-polar transmissions are assumed, no satellite receiving antenna 
discrimination is considered, and the feeder-link stations are located in the same service area.

In the case where the two co-channel transmissions are cross-polar, a smaller orbital separation is required 
since part of the 40 dB isolation is provided by the polarization discrimination of the transm itting earth-station 
antenna and the satellite receiving antenna. Similarly, if the feeder-link service areas are not adjacent, the satellite 
receiving antenna can provide for a portion of the 40 dB protection ratio because of the angular separation. The 
required orbital separation can consequently be reduced to the point where the satellites are almost co-located.

In the case of interference from the adjacent channel, the required orbital separation is further reduced 
compared to the respective cases mentioned above since there is typically 16 dB less isolation required in this case. 
A particular case is dealt with in § 9.4 where it is found that the required orbital separation for cross-polar 
adjacent channels transmitted from the same service area under a 10 dB rain fade differential is only a fraction of 
a degree. This concept was extensively used in the planning of the feeder links in Region 2.

Because of the relatively larger size of the earth-station transmitting antenna, the required isolation will, in 
normal conditions, be reached on the feeder links for smaller orbital an d /o r  service area separation than that 
required for the down links except when the feeder-link service area is larger or outside the corresponding 
down-link service area.

I n  t h e  f e e d e r - l i n k  P l a n s  f o r  R e g io n s  1 a n d  3 a n d  f o r  R e g io n  2 ,  a  n o m in a l  
5 m a n t e n n a  d i a m e t e r  was fo u n d  t o  b e  a t t r a c t i v e  a n d  was u s e d  f o r  p l a n n i n g .  I n  
a d d i t i o n  t o  c o m p l e t e l y  d e c o u p l i n g  f e e d e r  l i n k s  f o r  s a t e l l i t e s  s e p a r a t e d  b y  a b o u t  
1 0 ° ,  5 m was fo u n d  t o  b e  w i t h i n  t h e  r a n g e  o f  s i z e s  t h a t  c a n  b e  c o n s i d e r e d  f o r  
t r a n s p o r t a b l e  a p p l i c a t i o n s .  F u r t h e r ,  t h e  r e q u i r e d  t r a n s m i t t e d  p o w e r  f o r  a  v i a b l e  
f e e d e r  l i n k  was fo u n d  t o  b e  r e a d i l y  a c h i e v a b l e .  S m a l l e r  a n t e n n a s  t o  a  minimum o f  
2 . 5 m  d i a m e t e r  w e re  a l l o w e d  i n  t h e  P l a n s  a n d  w ere  c o n s i d e r e d  i n  t h e  d e v e lo p m e n t  
o f  t h e  a n t e n n a  r e f e r e n c e  p a t t e r n  ( s e e  § 5 . 2 )  s u c h  t h a t  t h e i r  u s e  w i l l  n o t  
i n c r e a s e  t h e  l e v e l  o f  i n t e r f e r e n c e  t o  o t h e r  f e e d e r  l i n k s  a s  c a l c u l a t e d  i n  t h e  
P l a n s .  I n  s a t e l l i t e s  s e p a r a t e d  b y  m ore t h a n  0 . 5 5 ° ,  no a d d i t i o n a l  i n t e r f e r e n c e  
c a n  r e s u l t  f ro m  u s e  o f  2 . 5  m a n t e n n a s .  I t  i s  u n d e r s t o o d ,  h o w e v e r ,  t h a t  w i t h  t h e  
u s e  o f  t h e s e  s m a l l e r  a n t e n n a s ,  l o w e r  C/N a n d  C / I  v a l u e s  w i l l  b e  r e a l i z e d  t h a n  
w i t h  t h e  a n t e n n a  s i z e  u s e d  a s  t h e  b a s i s  f o r  p l a n n i n g .
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In order to avoid excessive interference into adjacent satellites and into terrestrial services and because of 
the fact that off-axis feeder-link antenna side-lobe envelopes are defined in terms of absolute gain relative to an 
isotropic source and in order to simplify feeder-link planning, a maximum allowable power into the antenna of a 
broadcastirtg-satellite feeder link is found to be the most appropriate way of specifying the interference 
characteristics of the feeder-link transmitting station along with the antenna reference pattern. This maximum 
power limit would apply for all conditions and all antenna sizes.

Another benefit of setting a limit on the feeder-link transmitted power is that, if the planning is done with 
a nominal antenna size, the principle of homogeneous PFD at the orbit applies, giving the best utilization of the 
spectrum orbit resource. It should be noted however, that inhomogeneity of e.i.r.p. is dependent only on the 
difference in transmitted power, not on antenna gain, when satellites are separated by more than a fraction of a 
degree.

9.3 T ransm itted  pow er

9.4 Co-located satellites

The most critical cases of feeder-link interference occur when satellites are co-located. As discussed in 
§ 4 .6, two situations are found in practice: •

— the co-located satellites use the same channel but are cross-polarized to each other and their service areas are 
separated; and .

— the co-located satellites have common or adjacent service areas and operate on cross-polarized adjacent 
channels.

Several methods for coping with low C / I  ratios are available but all have an associated penalty. Site 
diversity combined with uniform feeder-link e.i.r.p. could be used at high cost and operational inflexibility. 
Degraded interference performance could be accepted for the small percentages of time associated with high 
precipitation losses. Power control combined with depolarization compensation is a potential solution but these 
techniques have not yet reached an adequate level o f development.

When the channels are adjacent, there are several additional methods which might be used. Channel 
spacing could be increased at the cost of fewer total TV channels. Bandwidths of each channel could be reduced 
but with adverse impact on applications, such as high definition TV, requiring wide bandwidths.

Another solution to reduce interference would be to separate co-located satellites by a small orbital arc. 
This approach was adopted to develop the Region 2 feeder-link Plan and is described below.

Other factors that need to be considered when satellites are co-located are the probability of collision and 
potential interference on the spacecraft service function links.

9.4.1 Satellite clusters and reduction o f interference

A satellite cluster as defined by the RARC SAT-83 in the Region 2 Plan is formed by satellites at 
two orbital positions which are separated by 0.4° in the Plan and which are assigned cross-polarized 
adjacent channels at each of the two orbital positions. Because of the other methods available to combat 
feeder-link interference between cross-polarized first adjacent channels, it was felt that significant flexibility 
in the orbital positioning of satellites was needed at the time of implementation. In the Region 2 Plan, 
satellites sharing the same cluster can be located at any position within the 0.4°-wide cluster with the 
agreement of the other administrations sharing the same cluster of satellites. Under these conditions, the 
optimum orbital separation between satellites can be chosen at the time of implementation and depends 
on:
— rain climatic zone,
— elevation angle,
— earth-station antenna diameter, and
— site diversity.

The RARC SAT-83 adopted a minimum separation of 0.9° between the centres of satellite clusters 
in the Plan.
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9.4.2 Collision probability

Still another advantage to separating “co-located” satellites derives from a reduction in the 
probability of collision. Using the method of caculation given in [Hechler and Van der Ha, 1980], the 
probability of collision increases from 9 x 10~7 per year to 5 x 10-5 per year as the number of satellites, 
each with 100 m: cross-section and sharing the same 0.1° arc, increases from 2 to 12. While there would 
still be a 99% probability of no collision in about 200 years, the probability of any collision on the 
geostationary orbit would increase significantly if satellites were exactly co-located at many positions on 
the orbit. Once a collision occurs, secondary debris significantly increases the probability of additional 
collisions. It may, therefore, be preferable to minimize the risk of collision by slightly separating 
“co-located” satellites.

9.4.3 Interference on spacecraft service function links

A small orbital separation between satellites may also be used to maintain interference levels into 
satellite TTC channels at an acceptably low level.

The frequency separation between the limit of the television channel at the band edge and the 
nearest TTC channel will be of the order of 2 MHz and the television channel satellite emission roll-off is 
assumed to be 2 dB per MHz with typical filtering.

Isolation between the television channel at the band edge and TTC channels due to the television 
channel filter can be as low as 4 dB and as great as about 23 dB in the case of 12 MHz wide guard bands. 
Transmission of TTC channels in opposite polarization to the television channel at the band edge would 
increase the isolation to the 25-44 dB range under clear-sky conditions and to the 15-34 dB range in the 
presence of 10 dB rain attenuation on the wanted path. Nominal separation of “co-located” satellites 
would increase the isolation and provide flexibility in the choice of polarization for TTC channels.

9 . 4 . 4  Method to resolve incompatibilities in the feeder link Plans

A f t e r  p l a n n i n g  o f  f e e d e r  l i n k s ,  some c a s e s  o f  i n c o m p a t i b i l i t y  may r e m a i n .
The c o n c e r n e d  a d m i n i s t r a t i o n s ,  a f t e r  c o o r d i n a t i o n ,  c o u l d  u s e  t h e  f o l l o w i n g  m eans 
t o  s e t t l e  t h e s e  s i t u a t i o n s .  The i n t e r f e r i n g  s t a t i o n  c o u l d  t r a n s m i t  a t  a  l o w e r  
pow er t h a n  t h e  n o m in a l  v a l u e  u n d e r  c l e a r  sk y  c o n d i t i o n s  w h i l e  k e e p i n g  s u f f i c i e n t  
q u a l i t y  a n d  a n  a c c e p t a b l e  i n t e r f e r e n c e  l e v e l .  I n  t h e  p r e s e n c e  o f  r a i n  
a t t e n u a t i o n ,  t h e  i n t e r f e r i n g  s t a t i o n  w o u ld  b e  a l l o w e d  t o  i n c r e a s e  i t s  e . i . r . p . ,  
w h ic h  c o u l d  d e c r e a s e  t h e  C/I r a t i o  on t h e  l i n k  s u b j e c t  t o  i n t e r f e r e n c e ,  b u t  n o t  
b e lo w  t h e  l i m i t  g i v e n  i n  t h e  p l a n .

9.5 Frequency translation

For Region 2, the feeder-link Plan has been based on the use of a single frequency translation between the 
17 GHz feeder-link channels and the 12 GHz down-link channels.

WARC-ORB(88) g e n e r a l l y  a c c e p t e d  f o r  R e g io n s  1 a n d  3 ( i n  t h e  1 7 . 3  t o  1 8 .1  
GHz b a n d )  t h e  p r i n c i p l e  o f  a  s i n g l e  t r a n s l a t i o n  f r e q u e n c y  ( 5 . 6  GHz) e x c e p t  f o r  
t h e  c a s e s  w h e re  i t  was n e c e s s a r y  t o  r e s o l v e  i n c o m p a t i b i l i t i e s  i n  t h e  P l a n .

As t h e  maximum a v a i l a b l e  b a n d w id th  f o r  t h e  f e e d e r - l i n k  b a n d  1 4 . 5 - 1 4 . 8  GHz 
i s  o n l y  300 MHz a s  a g a i n s t  800 a n d  500 MHz i n  t h e  d o w n - l i n k  P l a n  f o r  R e g io n s  1 
a n d  3, r e s p e c i t v e l y , s e v e r a l  t r a n s l a t i o n  f r e q u e n c i e s  w h e re  s e l e c t e d  a l l o w  a n y  
c h a n n e l  i n  t h e  P l a n  t o  b e  u s e d .  C o n s e q u e n t l y ,  a  p a r t i c u l a r  f e e d e r - l i n k  c h a n n e l  
was a s s i g n e d  t o  s e v e r a l  BSS P l a n  c h a n n e l s  s i m u l t a n e o u s l y .

For the feeder-link band 14.5-14.8 GHz, 14 channels and 2 appropriate guard bands should be assumed.
Selection of translation frequencies for this purpose and for this band is a complex task due to two 

domains within the possible range of translation frequencies which would create spurious mixing products within 
certain channels. Therefore, it is necessary to optimize the translation frequencies. Ratios of translation frequency 
to any frequency within the necessary bandwidth of a feeder-link channel to be avoided are 1/6 and 2/ 11.
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T h e  f o l lo w in g  p a r a m e t e r s  s h a l l  b e  u s e d  fo r  p l a n n i n g  f e e d e r  l in k s  in  t h e  f r e q u e n c y  b a n d  14.5-14.8 G H z :

N e c e s s a ry  b a n d w i d t h  o f  a  c h a n n e l :  27 M H z

C h a n n e l  s e p a r a t i o n :  19.18 M H z

N u m b e r  o f  c h a n n e l s :  14

C e n t r e  f r e q u e n c y  o f  th e  lo w e s t  c h a n n e l  (1):  14 525.30 M H z

C e n t r e  f r e q u e n c y  o f  the  h ig h e s t  c h a n n e l  (14): 14 774 .64  M H z

L o w e r  g u a r d  b a n d :  11.80 M H z

U p p e r  g u a r d  b a n d :  11.86 M H z

Translation frequencies:
a) f o r  B SS c h a n n e l s  1 to  14

b)  fo r  B SS c h a n n e l s  15 to  28

c) f o r  BSS c h a n n e l s  2 9  to  40

2 797.82 M H z  

2 529 .30  M H z  

2 260.78 M H z

T a b le  v i  in d i c a t e s  th e  c o r r e s p o n d e n c e  b e tw e e n  th e  c h a n n e l  n u m b e r s ,  t h e  f r e q u e n c ie s  a s s ig n e d  to  t h e  f e e d e r  
l in k s  a n d  the  f r e q u e n c i e s  a s s ig n e d  in  t h e  W A R C - B S - 7 7  R e g io n s  1 a n d  3 P la n ,  f o r  t h e  th r e e  t r a n s l a t i o n  f re q u e n c ie s .

TABLE V I — Table showing correspondence between channel numbers 
and  assigned frequencies fo r  the feed er  links in the frequency band 14.5-14.8 GHz 

and the relationship to the B S S  Regions I and 3 Plan assignm ents

Feeder-link
Translation frequencies (MHz)

assignments
2 797.82 2 529.30 2 260.78

Channel
No.

Frequency
(MHz)

BSS Regions 1 and 3 Plan assignments

Channel
No.

Frequency
(MHz)

Channel
No.

Frequency
(MHz)

Channel
No.

Frequency 
(MHz) "

1 14 525.30 1 11 727.48 15 11 996.00 29 12 264.52
2 14 544.48 2 11 746.66 16 12015.18 30 12 283.70

3 14 563.66 3 11 765.84 17 12 034.36 31 12 302.88

4 14 582.84 4 11 785.02 18 12 053.54 32 12 322.06

5 14 602.02 5 11 804.20 19 12 072.72 33 12 341.24

6 14 621.20 6 11 823.38 20 12 091.90 34 12 360.42

7 14 640.38 7 11 842.56 21 12 111.08 35 12 379.60

8 14 659.56 8 11 861.74 22 12 130.26 36 12 398.78

9 14 678.74 9 11 880.92 23 12 149.44 37 12 417.96

10 14 697.92 10 11 900.10 24 12 168.62 38 12 437.14

11 14717.10 11 11 919.28 25 12 187.80 39 12 456.32

12 14 736.28 12 11 938.46 26 12 206.98 40 12 475.50

13 14 755.46 13 11 957.64 27 12 226.16 - -

14 14 774.64 14 11 976.82 28 12 245.34 - —

9.6 Total needed bandwidth fo r  feeder links

Values derived from studies for the feeder-link/down-link bandwidth ratio vary from 1:1 to 1.5:1 
depending on the assumed feeder-link characteristics [CCIR, 1978-82m]. Values below 1:1 are not reasonable, 
mainly because they imply signal processing repeaters in the satellite, making it more complex, costly and more 
prone to failure.
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9.7 Independence between orbital locations in the Regions I and 3 Plan

Studies in France [CCIR. 1978-82n, o] showed that, for the 6° spacing of Regions 1 and 3 it is possible to 
plan independently for each orbital position with alternate polarization from one orbital position to the next, and 
from one channel to the next under the following hypotheses:
— diameter of earth station antennas: at least 3 m:
— antenna pattern and beamwidth for receiving and transmitting satellite antenna the same as in the

WARC-BS-77 Plan;
— protection ratios: co-channel 40 dB. adjacent channel 24 dB;
— translation of the WARC-BS-77 Plan;
— essentially the same power flux-density at the satellites;
— polarization discrimination of 30 dB in the side lobes;
— the various earth stations are each situated in the centre of the corresponding down-link beam;
— rain-induced depolarization is taken as —20 dB.

Further study is required with respect to other planning hypotheses for Regions 1 and 3.

9.8 Service area considerations, impact on frequency re-use

As indicated above there are several reasons why it may be advantageous to consider a feeder-link service
area that may be different from the corresponding down-link service area(s). From an interference point of view
there are advantages to narrow feeder-link beams located near the respective centres of the corresponding down 
links [CCIR, 1978-82h], Such a scenario might, however, constrain operational flexibility. In some situations 
operational requirements may dictate simultaneous access to several satellites at various locations or to several 
down-link beams from the same orbital location. Feeder-link transmissions could emanate from a single location 
which may or may not be in one of the down-link areas, or from anywhere within a number of down-link areas 
[Bouchard, 1982]. This would apply for example to a large country or to a grouping of adm inistrations which of 
necessity must be fed by multiple down-link beams. In these latter situations the ability to re-use a frequency 
allotment need not be constrained by the feeder-link plan if technical criteria are developed to guard against 
feeder-link interference. •

Frequency re-use capability can be expressed in terms of the required orbital separation between the 
satellites of the interfering systems as a function of the separation between the respective service areas for the four 
combinations of co- and adjacent channel and co- and cross-polarity. In the case of large countries which are 
served by several adjacent down-link beams and where there are requirements for country-wide access to each of 
these beams, frequency re-use may be constrained when the dimension of the feeder-link service area is 
significantly greater than the dimension of any of the down-link beams under certain combinations of:
— orbital separation,
— feeder-link earth station antenna diameter,
— inhomogeneities between feeder links, and
— feeder-link protection ratio [CCIR, 1978-82p].

However, appropriate values of these parameters can always be chosen to ensure that the frequency re-use 
capability of the feeder links is at least equal to or greater than that of the down link.

An integrated planning approach for the feeder links and the down links is therefore necessary to support 
the planning of a feeder-link service area different from the down-link service area. The simultaneous planning of 
both feeder links and the down-links at the RARC SAT-83 make this approach possible. A study was performed 
in Canada assuming the following technical parameters:

— side-lobe reference pattern of the feeder-link transmitting antenna: 32 — 25 log <p, dB;

— radiation pattern of the satellite receiving antennas: the same as that given in the Final Acts of WARC-BS-77
for the satellite transmitting antenna;

— feeder-link protection ratios: in the range of 35 to 45 dB;

— down-link protection ratio: 35 dB single entry;

— channel bandwidth: 18 MHz;

— channel spacing: in the range of 13 to 17 MHz.
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Assuming a transm itting antenna diameter of 8 m for feeder links having inter-system inhomogeneities of 
8 dB, co-channel protection ratio o f 40 dB and adjacent channel protection ratio o f 20 dB, the study has shown 
that the planning of country-wide feeder-link service areas is possible provided that the multi-beam satellites of 
large countries and t-fee satellites o f their neighbouring countries are:

— spaced more than 6° apart when co-channel co-polar allotments are intended for feeder links from anywhere 
within the countries;

— spaced more than 1° apart when adjacent channel co-polar or co-channel cross-polar allotments are intended 
for feeder links from anywhere within the countries.

These conclusions apply for both country-wide satellite receiving antennas and steerable spot beam satellite 
receiving antennas.

10. Sharing in the feeder-link bands

10.1 General

As a result of allocation actions taken by the WARC-79, the use of the frequency bands shown in § 2 of 
this Report by the fixed-satellite service (Earth-to-space) is limited to broadcasting-satellite feeder links (RR foot­
note Nos. 835, 863, 869).

The subject of frequency sharing between feeder links to broadcasting satellites and other services is 
discussed in Report 561.

The band 17.3-18.1 GHz is one of the bands chosen by the WARC ORB-85 for planning feeder links in 
Regions 1 and 3. The lower part of that band, 17.3-17.8 GHz, has been planned for feeder links in Region 2 
(RARC SAT-83). This section provides inform ation regarding the several sharing situations that will exist in the 
17.7-18.1 GHz portion of this band. Sharing situations with the attendant possibility of interference will involve 
feeder links to broadcasting satellites, the fixed service and the fixed-satellite service in all Regions [CCIR, 1982- 
86f].

Some cases of sharing are under consideration in Study Groups 4 and 9.

10.2 Sharing situations in the band 17.7-18.1 GHz

The sharing situations that will exist in the band segment 17.7-18.1 GHz are shown in Fig. 21. Since the 
allocations to the three services are world-wide, interference is possible between BSS feeder links and the fixed 
and fixed-satellite services in all Regions. The severity o f interference and interference reduction techniques for 
each o f the cases indicated in .Fig.* 21 will be outlined in the sections that follow.

10.2.1 Interference from  FSS space-station transmitters to B SS  space-station receivers

Interference from FSS space-station transmitters can reach BSS space-station receivers in two ways 
(cases 1A and IB,Fig. 21). One way is from the side lobes of the FSS space station transm itting antenna 
into the side lobes of the receiving antenna of a nearby BSS space station. The second way is from the 
main beam of an FSS space-station transmitting antenna into the main beam of the receiving antenna of a 
nearly antipodal BSS space station.

10.2.1.1 Nearly co-located FSS and B SS space stations (case 1A)

Interference from an FSS space station to a nearby BSS space station will be negligible unless the 
satellites are extremely close to each other due to the fact that the interference is transmitted and received 
in the far side lobes of both antennas. Small satellite separations of the order of 0.1°, i.e., separations of 
about 74 km, provide sufficient signal attenuation (space loss) to reduce interference to negligible levels.

10.2.1.2 Nearly antipodal FSS and B SS space stations (case IB)

If an FSS and BSS space station are nearly antipodal, interference could occur in rare cases. 
Typically, the existence of planned BSS satellites should have a negligible constraint on the location of 
FSS satellites. However, some care may be required when the inter-satellite separation is in the range 
o f 160° to 162.5°.
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FIGURE 21

Case From To Comments

1A FSS (S'E) BSS, nearby satellite Small satellite separations will reduce 
interference to acceptable levels

IB FSS (S-E) BSS, antipodal satellite Rare situation; Appendix 29 (increase 
of AT  of 10% in Region 2)

2 BSS feeder link FSS, receiving earth station Appendix 28 type coordination procedure 
should apply

3 BSS feeder link FS, receiver Appendix 28 type coordination procedure 
should apply

4 FS transmitter BSS, satellite receiver Rare situation, but see 
Recommendation No. 4 (RARC SAT-83)

5 BSS feeder link in one Region BSS, satellite receiver in 
another Region

Appendix 29 type coordination (increase 
of AT  of 10% in Region 2)

10.2.1.3 Cases IA and IB  in Region 2

The RARC SAT-83 (Part II, Annex 4, Section 1 of the Final Acts) applied Appendix 29 to this 
situation, but changed the criterion that triggers coordination to a 10% increase in A T. In the case of 
nearly antipodal satellites, Appendix 29 coordination is required only when the PFD at the limb of the 
Earth exceeds —123 dB(W /(m 2 • 24 MHz)), and geocentric satellite separation is more than 150°.

10.2.2 Interference from  a BSS feeder-link transmitter to an FSS receiving earth station .

Interference can be caused from a BSS feeder-link transm itter (the Earth-to-space direction of
transmission) to the receiver of an FSS earth station (employing the same frequency band segment in the 
space-to-Earth direction of transmission) (case 2, Fig. 21). The extent o f potential interference can be 
determined employing an adaptation of the interference calculation procedures described in Reports 557, 
382, 388 and 448. Separating the two stations or siting them so that there is sufficient shielding due to 
terrain or artificial barriers can reduce the likelihood and level of interference to permissible values.

The RARC SAT-83 applied Appendix 28 coordination to this situation (Final Acts, Part II, 
Annex 4, Section 3), modified to take account of earth-station characteristics and propagation conditions 
in this band segment.

10.2.3 Interference from  a BSS feeder-link transmitter to a fixed-service receiver

Interference can be caused by BSS feeder-link transmissions into the receiver of a fixed-service
terrestrial station (case 3, Fig. 21).
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Determination of the coordination area around the feeder-link transmitting earth station and 
fixed-service receivers, where these contours are in different countries, should be based on Appendix 28 to 
the Radio Regulations. Report 382 provides a related, although not identical, procedure reflecting the most 
recent, albeit in some instances at present, provisional propagation data of Reports 724, 563 and 569.
More detailed interference calculation methods of Reports 448 and 388, mentioned above, can also be used 
in this interference situation to estimate the level of interference expected. Adequate physical separation of 
the stations, or the use of natural or artificial shielding can reduce interference to permissible levels as in 
the previous interference situation. Part II, Annex 1, Section 3 of the RARC SAT-83 Final Acts reaffirms 
Appendix 28 to the Radio Regulations as the way to determine if a terrestrial station could be affected.

10.2.4 Interference from a fixed-service transmitter to a BSS space-station receiver

Interference can be caused in certain rare cases by transmissions from a terrestrial station in the
fixed service into the receiver of a BSS space station (case 4, Fig. 21). As in the interference situation 
described in §10.2.1.2, the BSS space-station receiving antenna must have significant gain in the direction 
of the limb of the Earth. There may be many terrestrial stations in the 17.7-18.1 GHz band segment 
eventually, and their antennas are typically pointed within a degree or so of the horizon. More potential 
interference situations may exist, therefore, than for the antipodal satellite case described in § 10.2.1.2. 
However, interference can be caused only if the fixed-service station employs the maximum permissible
e.i.r.p. of 55 dBW towards the geostationary orbit and uses transmission bandwidths not significantly 
greater than those used by the BSS feeder link. Given the typical channelization plans for the fixed service 
in this band, and the e.i.r.p.s now in use, it is considered that this interference situation will be rare. 
However, the RARC SAT-83 adopted Recommendation No. 4 which asks the CCIR to continue its study
of this situation on an urgent basis in time for consideration by the WARC ORB-85.

10.2.5 Interference from  BSS feeder-link stations in one Region to BSS satellite receivers in another Region

Interference can be caused to broadcasting-satellite space-station receivers of one Region from 
feeder-link transmissions of another Region (case 5, Fig. 21). Interference within a Region is limited or 
prevented by the development of the respective regional plans, and by the modification procedures 
incorporated in each. Part II, Annex 4, Section 2 of the RARC SAT-83 Final Acts applied Appendix 29 to 
limit interference from Regions 1 and 3 feeder links (to be planned at the WARC ORB) to Region 2 BSS 
satellite receivers using an increase in A T of 10% as a coordination trigger.

REFERENCES

BOUCHARD, M. [1982] Planning of feeder links for broadcasting satellites at the RARC 1983. AIAA 8th Communications 
Satellite Systems Conference, Orlando, FI., USA.

BRADFORD UNIVERSITY [1981] Studies on broadcast satellite feeder-link power control and forward adaptive cross-polar 
cancellation techniques (to be published).

BRAJAN, B. [1986]  - Opca m e to d a  z a  p r o r a c u n  s v e u k u p n e  e k v i v a l e n t n e  z a s t i t n e  
m arze  u  a n a l i z i  p l a n a  z a  r a d i o d i f u z i j u  p o s r e d s tv o m  s a t e l i t a  ( G e n e r a l  m e th o d  f o r  
t h e  c a l c u l a t i o n  o f  o v e r a l l  e q u i v a l e n t  p r o t e c t i o n  m a r g in s  i n  t h e  a n a l y s i s  o f  t h e  
BSS p l a n ) .  P r o c e e d i n g s  o f  ETAN, Z a d a r .  . . .
FROMM, H. H. and McEWAN, N.J. [May, 1981] Direct broadcast satellite feeder links: an example of possible implications 

of the Regions 1 and 3 plan for feeder links to European broadcast satellite. ITU/Canada Seminar on RARC, 1983, 
Ottawa, Ontario, Canada.

HECHLER, M. and VAN DER HA, J. C. [1980] The probability of collisions on the geostationary ring. ESA J., Vol. 4, 277-286'.

OHM, E. A. [November, 1981] Multi-fixed-beam satellite antenna with full area coverage and a rain tolerant polarization 
distribution. I EEE Trans. Ant. Prop., Vol. AP-29, 6, 937-943.

OHMI, K. [1985]  - Power c o n t r o l  o f  f e e d e r  l i n k s  t o  b r o a d c a s t i n g  s a t e l l i t e s  
 ̂ c o n s i d e r i n g  t h e  i n t e r f e r e n c e  p r o b le m .  P r o c e e d i n g s  o f  t h e  1 5 t h  I n t e r n a t i o n a l  
Symposium on  S p ace  T e c h n o lo g y  a n d  S c i e n c e  ( I S T S ) , T okyo ,  J a p a n ,  V o l .  1 ,  1 0 1 1 ­
1 018 .
SHELSWELL, P. [1984] Satellite Broadcasting. The performance of C-MAC in a hardware simulation of a DBS transmission 

chain. BBC Research Department, Report BBC RD 1984/9.
SHIMOSEKO, S., YAMAMOTO, M., KAJIKAWA, M. and ARAI, K. [September, 1981] Satellite broadcasting experiments and 

in-orbit performance of BSE. IAF 32nd Congress, Rome, Italy. Paper No. 81-75.

STRICKLAND, J. J. [1974] J. de Recherches Atm., Vol. Ill, 1-2.



R e p .  9 5 2 - 2 495

CCI R Documents .

[1978-82]: a. 10-11 S/43 (Canada); b. 10-1 IS /1 59 (EBU): c. 10-1 IS/175 (Canada); d. 10-1 IS/151 (France); e. 10-1 I S /1 18 (Japan);
f. 10-1 IS/158 (EBU); g. IWP 10-11/1-25; h. 10-1 IS/127 (France); i. 10-1 IS/152 (France); j. 10-11 S /9  (EBU); k.
10-1 IS/ 129 (Japan); I. 10-11 S/21 (Japan); m. 10-1 IS/120 (IWP 10-11/1); n. 10-11 S/67 (France); o. 10-11 S /1 28 (France); 
p. 10-11S / 148 (Canada).

[1982-86]: a. 10-1 IS /12 (France); b. 10-1 IS/24 (USA); c. 10-1 I S /134 (Japan); d. 10-1 IS/27 (USA); e. 10-11 S/36 (ESA);
f. 10-11 S/25 (USA).

[ 1 9 8 6 - 9 0 ] :  a .  1 0 - 1 1 S /1 0 5  ( J a p a n ) ,  b .  1 0 - 1 1 S /2 2  ( J a p a n )

BIBLIOGRAPHY

CCI R Documents 

[1978-82]: 10-1 IS/123 (EBU).

ANNEX I

FEEDER-LINK TRANSMITTING ANTENNA SIDE-LOBE CHARACTERISTICS 

RESULTS OF MEASUREM ENTS

This Annex gives the results of some measurements on antennas of a type suitable for the feeder-link 
transmission to broadcasting satellites.

An 8 m Gregorian type antenna built in 1979 was measured in Canada. The measurement data are shown 
in Fig. 22.xhis linearly polarized antenna was optimized for high performance for transm it/receive operation at 
14/12 GHz. The efficiency was found to be 78%. The results are given for three frequencies in each band (edges 
and centre of the band) and two azimuthal profiles (E and H planes). This antenna which is understood to be 
representative of the new generation of antennas meets the 29 -  25 log cp side-lobe envelope. It is likely that the 
feeder-link antennas which will need to be optimized for only one frequency band will also meet this envelope at 
17 GHz.

FIGURE 2 2 -  Measured co-polar and cross-polar patterns o f  an 8 m Gregorian antenna a t 14/12 GHz

Curves A: co-polar component
B: cross-polar component

: Upper limit 
a : Upper 10% point

’ : Median point 

" ; Lower 10% point 
: Lower limit
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ANNEX I I

OPERATIONAL AND TECHNICAL CHARACTERISTICS 
OF FEEDER LINKS

1. Introduction
The f e e d e r  l i n k  P l a n  a n d  t h e  a s s o c i a t e d  p r o v i s i o n s  f o r  t h e  12 GHz BSS 

w e re  e s t a b l i s h e d  f o r  R e g io n s  1 a n d  3 a t  WARC-0RB(2) i n  1 9 8 8 .  When f u r t h e r  
s t u d y i n g  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  o f  t h e  f e e d e r  l i n k s  f o r  o p t i m a l  
o p e r a t i o n ,  a d d i t i o n a l  i n f o r m a t i o n ,  b a s e d  on  a c t u a l  o p e r a t i n g  c o n d i t i o n s  i s  
r e q u i r e d ,  p a r t i c u l a r l y  i n  o v e rc o m in g  t h e  p r o b le m s  o f  h e a v y  r a i n  a t t e n u a t i o n ,  an d  
i n  i n c r e a s i n g  t h e  e f f e c t i v e n e s s  o f  t r a n s p o r t a b l e  e a r t h  s t a t i o n s .

2. Feeder link operation in rainy conditions
The f e e d e r r l i n k  f o r  t h e  J a p a n e s e  b r o a d c a s t i n g  s a t e l l i t e  ( BS - 2 ) ,  i n  u s e  

s i n c e  1 9 8 4 ,  o p e r a t e s  i n  t h e  b a n d  1 4 .0  - 1 4 .5  GHz. A lm o s t  a l l  o f  t h e  TV 
p ro g ram m es  a r e  t r a n s m i t t e d  f ro m  t h e  m a in  e a r t h  s t a t i o n ,  b u t  t r a n s p o r t a b l e  and  
s e c o n d a r y  e a r t h  s t a t i o n s  a r e  o c c a s i o n a l l y  u s e d  f o r  v a r i o u s  o t h e r  p u r p o s e s .

T a b l e  V I I  shows t h e  t e c h n i c a l  c h a r a c t e r i s t i c s ,  p u r p o s e s  a n d  u s e s  o f  t h e  
NHK e a r t h  s t a t i o n s  i n  t h e  BS-2 s a t e l l i t e  b r o a d c a s t i n g  s y s t e m .

The m a in  e a r t h  s t a t i o n  u s e s  a n  8 m a n t e n n a  w i t h  a  n o m in a l  e . i . r . p .  o f  
80 dBW u n d e r  c l e a r  sk y  c o n d i t i o n s  t o  o b t a i n  a  f e e d e r  l i n k  C/N o f  a b o u t  30 dB. 
When r a i n  a t t e n u a t i o n  on  t h e  f e e d e r  l i n k  i s  w i t h i n  t h e  r a n g e  o f  3 dB t o  6 dB, 
t h e  e . i . r . p .  i s  i n c r e a s e d  b y  3 dB ( S t e p  1 ) ,  a n d  when i t  e x c e e d s  6 dB, t h e  , 
e . i . r . p .  i s  i n c r e a s e d  b y  6 dB ( S t e p  2 ) .

The m a in  e a r t h  s t a t i o n  makes i t  a  p r a c t i c e  t o  b e  r e a d y  a t  a l l  t i m e s  t o  
s w i t c h  t o  b a c k - u p  o p e r a t i o n ,  m ak in g  e f f e c t i v e  u s e  o f  m e t e o r o l o g i c a l  d a t a  an d  
o t h e r  i n f o r m a t i o n  f ro m  a  w id e  v a r i e t y  o f  s o u r c e s , s u c h  a s  n e a r  a n d  lo n g  r a n g e  
r a d a r s ,  l i g h t n i n g  d e t e c t o r s ,  l o c a l  r a i n f a l l  d a t a  a n d  w e a t h e r  i n f o r m a t i o n ,  a l s o  
d a t a  f ro m  d i r e c t  o b s e r v a t i o n  o f  t h e  s k y .

A t  p r e s e n t ,  t h e  s e c o n d a r y  e a r t h  s t a t i o n s  a r e  l o c a t e d  s e v e r a l  h u n d r e d  
k i l o m e t r e s  away f ro m  t h e  m a in  e a r t h  s t a t i o n .  H ow ever ,  i n  o r d e r  t o  e n s u r e  s e c u r e  
b a c k - u p  o p e r a t i o n ,  a n o t h e r  e a r t h  s t a t i o n  f o r  s i t e - d i v e r s i t y  u s e  i s  s c h e d u l e d  t o  
b e  b u i l t  a b o u t  50 km away f ro m  t h e  m a in  e a r t h  s t a t i o n ,  w h ic h  w i l l  b e  l i n k e d  b y  a 
t e r r e s t r i a l  l i n k  s u i t a b l e  f o r  c a r r y i n g  t e l e v i s i o n  p rogram m e t r a n s m i s s i o n s .

F i g u r e  23 shows a n  ex am p le  o f  c o m p a r a t i v e l y  s m a l l  r a i n f a l l  a t t e n u a t i o n ,  
w h ic h  c a n  b e  c o m p e n s a te d  f o r  b y  t h e  S t e p  1 a n d  S t e p  2 o p e r a t i o n s .

F i g u r e  25 g i v e s  a n  ex a m p le  i n  w h ic h  a  t h i c k  t h u n d e r c l o u d ,  o f  s u f f i c i e n t  
s i z e  t o  d a r k e n  t h e  a r e a  e v e n  a t  m id - d a y ,  a p p r o a c h e s  t h e  a r e a  a r o u n d  t h e  m a in  
e a r t h  s t a t i o n  a n d  p r o d u c e s  a  dow npour w i t h  a  m e a s u r e d  v a l u e  o f  more t h a n  
50 m m /hr .  I n  t h i s  c a s e  t h e  a t t e n u a t i o n  r e a c h e s  2 0 -3 0  dB.
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F o r  t h e  BS-2 s a t e l l i t e  b r o a d c a s t i n g  s y s t e m ,  t h e r e  i s  a  g r o w in g  n e e d  t o  
u s e  s m a l l  e a r t h  s t a t i o n s ,  e a c h  w i t h  a  s m a l l  a n t e n n a  a n d  low  p o w er  c o n s u m p t io n
f o r  t h e  s a k e  o f  economy a n d  e a s e  o f  o p e r a t i o n .

As f o r  t h e  a n t e n n a ,  t e c h n o l o g i c a l  p r o g r e s s  h a s  e n a b l e d  d e v e lo p m e n t  o f
l o w e r  s i d e - l o b e  a n t e n n a s .  T r a n s p o r t a b l e  e a r t h  s t a t i o n s  w i t h  a  2 . 5  m a n t e n n a  a n d

7 4 -7 7  dBW o f  e . i . r . p .  a r e  b e i n g  u s e d  e f f e c t i v e l y  f o r  t r a n s m i s s i o n  o f  v a r i o u s  
k i n d s  o f  t e l e v i s i o n  p ro g ra m m e s .  The t r a n s p o r t a b l e  e a r t h  s t a t i o n s  do n o t  u s e  
pow er  c o n t r o l .

As f o r  t h e  f u t u r e  u s e  o f  t r a n s p o r t a b l e  e a r t h  s t a t i o n s ,  i t  i s  e x p e c t e d  
t h a t  a s  t h e  b r o a d c a s t i n g  s a t e l l i t e  s e r v i c e  comes i n t o  w i d e r  u s e ,  t r a n s p o r t a b l e  
e a r t h  s t a t i o n s  w i l l  i n c r e a s e  i n  num ber f o r  t h e  v e r s a t i l i t y  o f  t e l e v i s i o n  
program m e p r o d u c t i o n s .

TABLE V I I  - Technical characteristics and purposes of use of 
feeder link earth stations in the BS-2 
■ satellite broadcasting system

3. Systems of transportable earth stations

Main
e a r t h

s t a t i o n

Sub-earth
T r a n s p o r t a b l e  

■ e a r t h  s t a t i o n s

s t a t i o n .
Type B Type C

Antennp d ia m e te r  
(m) 8 8 2 . 5 2 . 5

E . i . r . p . * 1
(dBW)

86 84 o r  81 77 74

L o c a t io n Tokyo Osaka, Fukuoka*1 
and Sapporo

Tokyo Main c i t i e s

Examples o f
t r a n s m i s s i o n
o b j e c t i v e

A, F B, D C, F, E B, C, E

N o tes
*1 The e . i . r .p  of a t r a n s p o r t a b l e  e a r t h  s t a t i o n  do n o t  e x c e e d  t h e  

r e s p e c t i v e  e . i . r . p .  * o f  a r e f e r e n c e  e a r t h  s t a t i o n ( 5  m d i a . , 1  kw) a t  
a n t e n n a - o f f ~ a x i s  a n g l e s  o f  6 ,  12 and 18 d e g r e e s .

*2 A major c i t y ;  1000 ka w e s t  o f  Tokyo.
*3 A major c i t y ,  1000 ka n o r th  o f  Tokyo.
*4 N o ta t io n  i n  t h i s  row i s  a s  f o l l o w s )

A : T r a n sm iss io n  o f  r e g u la r  p rogram s(2 c h a n n e l s ,  a l l  day)
B : T r a n sm is s io n  o f  r e g u l a r  programs o r i g i n a t i n g  from NHK’s main l o c a l

s t a t i o n s
C : T ra n sm iss io n  from t h e  s i t e s  o f  s p e c i a l  e v e n t s  
D : Back-up o p e r a t i o n .
E : Emergency news -r e p o r t in g
F : E xp er im en ta l  t r a n s m is s io n  o f  H i - V i s i o n  (MUSE), and o t h e r  s i g n a l s .
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Time (J.S.T.)

FIGURE 23 - Moderate rain attenuation on the feeder link to the BS-2 satellite
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to the BS-2 satellite
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METHODS OF CONTROLLING UPLINK RAIN COMPENSATION

1. M o n i t o r i n g  o f  s a t e l l i t e  b e a c o n

Power c o n t r o l  may b e  a d j u s t e d  i n  a c c o r d a n c e  w i t h  m e a s u r e d  a t t e n u a t i o n  o f  a  
s a t e l l i t e  b e a c o n  s i g n a l .  T h ese  s i g n a l s  a r e  n o r m a l l y  o f  lo w e r  p o w er  i n  o r d e r  t o  
c o n s e r v e  s a t e l l i t e  p r i m a r y  p o w e r .  A t r a c k i n g  n a r r o w  b a n d  r e c e i v e r  w i t h  a  
r e a s o n a b l e  f a d e  m a r g in  i s  u s e d  f o r  b e a c o n  r e c e p t i o n .

T y p i c a l  b e a c o n  t r a n s m i t t e r s  v a r y  i n  o u t p u t  due  t o  t e m p e r a t u r e  c h a n g e .  
N o r m a l ly ,  s t a b i l i t y  i s  m a i n t a i n e d  w i t h i n  a  +1 dB r a n g e .  H ow ever ,  t h i s  v a r i a t i o n  
c a n  a d d  f u r t h e r  t o  t h e  e r r o r s  i n h e r e n t  i n  b e a c o n  l e v e l  m e a s u r e m e n t .

2 . I n - s a t e l l i t e  p r o c e s s i n g

M e a s u re m e n ts  o f  t h e  pow er l e v e l  r e c e i v e d  a t  t h e  s a t e l l i t e  o r ,  w h e re  u s e d ,  
t h e  AGC c o n t r o l  v o l t a g e  c o u l d  b e  e n c o d e d  a n d  t r a n s m i t t e d  b a c k  t o  t h e  o r i g i n a t i n g  
e a r t h  s t a t i o n  v i a  a  low  r a t e  d a t a  c i r c u i t .  T h i s  w o u ld  b e  r e c e i v e d  on  a  n a r r o w  
b a n d  t r a c k i n g  r e c e i v e r .  .

Two p o t e n t i a l  p r o b le m s  a r e  i n h e r e n t  i n  t h i s  m e th o d :

-  t h e  r e l i a b i l i t y  o f  t h e  m e a su re m e n t  e q u ip m e n t  i n  t h e  s p a c e  s e g m e n t  n e e d s  t o  
b e  o f  a  v e r y  h i g h  o r d e r ,  an d  i n d i v i d u a l  m e a s u re m e n ts  w o u ld  b e  n e c e s s a r y  f o r  
e a c h  o f  t h e  f e e d e r  l i n k s  r e c e i v e d .  T h i s  a d d s  c o m p l e x i t y  a n d  w e i g h t  t o  t h e  
s p a c e  se g m e n t  w h ic h  s h o u l d  b e  a v o i d e d  i f  p o s s i b l e ;

-  a c c o u n t  w o u ld  n e e d  t o  b e  t a k e n  o f  u p l i n k  l o s s e s  due  t o  m i s p o i n t i n g  r a t h e r  
t h a n  r a i n  a t t e n u a t i o n .

3 . M e a su re m e n t  o f  d o w n l in k  pow er

T h i s  m e th o d  i s  p o t e n t i a l l y  v e r y  s im p le  b u t  s u f f e r s  f ro m  s e v e r a l  p r o b l e m s :

-  t h e  d o w n l in k  beam i s  n o t  n e c e s s a r i l y  r e c e i v a b l e  a t  t h e  u p l i n k  p o i n t ;

-  b e c a u s e  o f  t h e  n o n - l i n e a r  c h a r a c t e r i s t i c s  o f  a  t r a n s p o n d e r  n e a r  s a t u r a t i o n  
a  s m a l l  e r r o r  i n  m e a s u re m e n t  c o u l d  g i v e  r i s e - t o  a  l a r g e  e r r o r  i n  u p l i n k  
pow er  w i t h  c o n s e q u e n t  i n t e r f e r e n c e  p r o b l e m s ;

-  t h e  u s e  o f  AGC i n  t h e  s a t e l l i t e  w o u ld  b e  i n h i b i t e d .

4 .  R a d i o m e t e r

A s i m p l e  r e l a t i o n s h i p  i s  a s su m ed  t o  e x i s t  b e tw e e n  a t t e n u a t i o n  o n  a  p a t h  
t h r o u g h  t h e  medium a n d  t h e  t h e r m a l  n o i s e  g e n e r a t e d  a l o n g  t h e  p a t h .

T h e r e  a r e  s h o r t c o m i n g s  i n  t h e  a c c u r a c y  o f  t h e  r a d i o m e t e r  c a u s e d  b y :

-  a n t e n n a  f e e d  l o s s e s  a n d  a n t e n n a  f e e d  p a t t e r n  n o t  b e i n g  i d e a l ;

-  th e rm o d y n a m ic  e q u i l i b r i u m  d o e s  n o t  e x i s t  e v e r y w h e r e  s o  t h e  medium i s  n o t  a  
p u r e  a b s o r b e r ,  h e n c e  t h e  p h y s i c a l  t e m p e r a t u r e  o f  t h e  a t m o s p h e r e  i s  n o t  
c o n s t a n t .

When t h e  s k y  n o i s e  i s  s u b s e q u e n t l y  i n t e g r a t e d  o v e r  t h e  a n t e n n a  p a t t e r n ,  
e r r o r s  o f  up t o  1 dB c a n  o c c u r .
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REPORT 8 1 2 -3

COMPUTER PROGRAMS FOR PLANNING 
BROADCASTING-SATELLITE SERVICES IN THE 12 GHz BAND

(Question 1/10 and 11, Study Programme 1A/10 and 11)
(1978-1982-1986-1990)

1. Introduction

D u r in g  t h e  p r e p a r a t o r y  w ork  f o r  p l a n n i n g  BSS i n  R e g io n s  1 an d  3
(WARC 77) an d  i n  R e g io n  2 (RARC SAT 8 3 ) ,  a  c e r t a i n  num ber o f  s y n t h e s i s  c o m p u te r
p ro g ra m s  w ere  e s t a b l i s h e d  t o  h e l p  p l a n n i n g .  A l th o u g h  t h e s e  p ro g ra m s  a r e  now 
o b s o l e t e  i n  some a s p e c t s  ( s o f t w a r e ,  c o m p u te r  u s e d ,  e t c . ) ,  a  summary o f  t h e  
m eth o d  u s e d  i s  u s e f u l .

A n a l y s i s  p ro g ra m s  h a v e  b e e n  e s t a b l i s h e d  b y  t h e  IFRB t o  a s s e s s  t h e  
r e s u l t s  o f  t h e  p l a n s  d u r i n g  b o t h  c o n f e r e n c e s .  Those  a n a l y s i s  p ro g ra m s  h a v e  to  be  
u s e d  now when c o m p a r in g  r e s u l t s  o f  t h e  v a r i o u s  s y n t h e s i s  p ro g r a m s .

2. Summary of synthesis programs

Synthesis programs are available to determine optimum beam size for arbitrary borders, optimum 
equivalent isotropically radiated power (e.i.r.p.), corresponding optimum receiver figure-of-merit G /T . optimum 
orbit positions for a set of non-homogeneous broadcasting satellites, and to plan compatible orbit locations, 
channel frequency, and polarization assignments, according to a variety of performance criteria and user 
requirements.

The following paragraphs provide a general description of the topics treated in the various programs.
A l i s t  o f  t h e  p ro g ra m s  i s  g i v e n  i n  t h e  a n n e x .

2.1 System configuration synthesis and cost evaluation

2.1.1 Purpose o f  the programs

The purpose of these programs is to determine a minimum cost satellite communication system 
subject to a variety of performance constraints and demands for service (both in terms of number of 
channels and station locations). The object is to determine the combination of key parameters, i.e., 
spacecraft e.i.r.p., earth-station antenna diameter, receiver noise temperature, and earth-station transmitter 
power, which minimizes a cost criterion, such as capital cost, or present worth. All the programs perform 
an exhaustive search, thereby guaranteeing that a global minimum is found. Two programs are aimed 
specifically at broadcasting satellites, while the third program treats telephony service and video together to 
find an overall system optimum.

A fourth program examines the cost impact of employing various spectrum saving techniques for 
both broadcasting and fixed service satellite systems, and provides a tool for maximizing the use of the 
orbit-spectrum. This program does not make orbital, frequency, or polarization assignments. More 
complete descriptions of the various programs are given in the reports Submitted to the CC IR as listed in 
the Annex.
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A non-linear programming technique was developed for the optimization of the orbital positions of a set 
of non-homogeneous broadcasting satellites with given characteristics. The optimization criterion is the minimiza­
tion of the total ace occupied by all satellites. All transmissions are assumed to be co-channel and co-polar. The 
constraints to the optimization is the total carrier-to-interference ratio at each receiver due to the transmissions 
from all the other satellites. The order of satellites is not changed during the optimization procedure. Details of 
the technique used may be found in [CCIR, 1978-82a].

Another optimization process using a computer program developed in Japan has been reported by the 
CCIR Secretariat [CCIR, 1978-82b]. Although this computer program was developed for application to the 
fixed-satellite service, it is felt that it may be of interest for the planning of the broadcasting-satellite service.

Relevant optimization procedures are also discussed in Report 453, § 8.2.2.

2 . 1 . 2  Sa te llite  position  op tim iza tion

2 . 1 . 3  Antenna beam optimization

The WARC-BS-77 adopted elliptical (or circular) satellite-antenna beams for planning purposes. The 
ellipse was to be chosen to enclose a polygon whose corners were to be supplied by each adm inistration to define 
its service area. To minimize the power at the satellite as well as the interference outside the service area, the 
ellipse should have the minimum area consistent with the desired coverage. Three com puter programs are 
described below to determine the characteristics (boresight, dimensions, and orientation) of this ellipse.

2 . 1 .  3 . 1  Program developed in Canada

A computer program was developed in Canada [CCIR, 1978-82c, d; Chouinard, 1981a, b] in which 
spherical trigonometry is extensively used to simplify the optimization of circular and elliptical beams to a 
two-dimensional numerical convergence process. This convergence process is fully automated and the 
program is of an interactive type allowing the user to modify system parameters and control the program 
execution. Allowable pointing and rotation errors of the transmitting antenna as well as rain attenuation 
are taken into account in the calculation of the minimum elliptical beam parameters and required e.i.r.p.
The transmit power is also given as an indication of the system practicability.

2 . 1 .  3 . 2 Search program developed in the United States o f  America

In this program [CCIR, 1978-82e; Akima, 1981], a series of searches is performed for sufficiently
wide ranges of longitude and latitude of the boresight, orientations of the ellipse, axial ratios, and lengths 
of the major axis of the ellipse to determine the parameters of the minimum ellipse. Both the pointing 
tolerances and the orientation angle tolerance are taken into consideration during the search procedure. 
Computer time and cost depend on the step sizes of the parameters used during the searches. With a step 
size of 0.1° each for the latitude and longitude of the aim point, 1° for the orientation angle of the ellipse,
0.2 for the axial ratio, and 0.1° (as measured in satellite coordinates) for the major axis, the computing 
time for an average ellipse is about two seconds and the corresponding cost about $0.70 (US) when the 
program is run on a CDC CYBER 170/750 computer.

2 . 1 .  3 . 3 Program developed in the United States o f America using non-linear programming techniques

In most complex optimization problems, solutions cannot practically be obtained by direct 
differentiation. Computer programs then use a method of successive approximations. The program is 
formulated in terms of an objective function whose value is to be minimized and one or more constraint 
equations. If either the objective function or any of the constraint equations are not linear, this technique 
is called a non-linear programming technique.

In this program [CCIR, 1978-82e], the constraint equations state that all of the given points must
lie on or inside the ellipse. The equations are non-linear and have five parameters, related to the
coordinates of the centre, its dimensions (major and minor axes), and its orientation with respect to a 
given reference line. Thus, the computer must make a search in five-dimensional space. This program uses 
a method described by Nelder and Mead called a polyhedron search.

Antenna pointing tolerances are incorporated into the constraint equations by requiring the 
constraint points to lie inside the ellipse by at least the directional tolerance, and by requiring that they 
remain within this tolerance when the ellipse is rotated one way or the other by the rotational tolerance.

^ C H  l t ^
U.I.T.
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Additionally, the program computes the power necessary to produce a given e.i.r.p. from the 
satellite, taking into consideration the rain zone of the service area, the atmospheric attenuation model 
used, and the minimum elevation angle at any of polygon points.

2 . 1 .  3 . 4 Further optimization

The above processes describe optimization of e.i.r.p. contours. In some instances the resulting 
power flux-density over the service area exhibits a large spread due to varying climatic conditions within 
the area.

A further stage of optimization [CCIR, 1978-82d] reduces the spread of power flux-density by 
iteratively reducing the constant gain contour in such a way that the minimum required signal power is 
met or exceeded at each vertex of the polygon defining the required service area for the given climatic 
conditions. This process further reduces the required satellite power and also the potential for interference.

2 . 2 Assignment o f orbit, spectrum, and polarization fo r  multiple users o f  broadcasting satellites

The following programs provide alternative computerized methods for generating frequency, orbit and 
polarization assignments tor broadcasting satellites. In general these computer programs devise plans to transmit 
one television programme per service area, but may also be used for certain non-regular channel assignment 
scenarios.

In the computer programs developed by Telediffusion de France (TDF), the program is divided into three 
parts which separately and successively assign channels, position on the orbit, and polarizations. In the case of the 
channels, co-polar and cross-polar matrices of the emission discrimination are considered and assignments are 
chosen to avoid the same or adjacent channels being used by service areas which are potentially the most subject 
to mutual interference, that is, service areas corresponding to the smallest terms in the matrix. The aim of the 
assignments is, therefore, to eliminate those cases having the highest potential for interference. The orbital 
positions and the polarizations are then determined so as to give the maximum possible value o f protection 
margin to the service area which is the most subject to interference. From this aspect, the method does in fact 
optimize the plan.

In the computer programs developed by the RAI, the initial step is to assign positions on the orbit 
according to the particular requests of the various services areas. As these positions are specified from the start, it 
is not necessary to calculate several beams for each service area nor to calculate the emission discrimination 
matrices, and it is possible to proceed directly to the calculation of the interference matrix. The assignment 
algorithm is based on the examination of a compatibility matrix, which shows whether two service areas can, or 
cannot use the same channel or the adjacent channel and the same polarization. Using operational-research 
methods, polarizations and then channels are assigned in such a way as to minimize the total number of channels 
required in the planning, subject to the condition that no service area has a negative protection margin. The initial 
assignments of positions can then be modified and the cycle of calculations repeated, in order to improve the 
results.

More recently [Carmassi and Tomati, 1983], the RAI’s computer program has been improved by the 
extensive use of graph theory. The initial step is still the assignment o f orbital positions to the various service 
areas. Then polarization, channels and minimum spacing between carriers (if needed to be determined) are 
computed with an optimized procedure (none of the possible solutions is omitted) according to the desired 
channel allocation framing for the RF bandwidth available.

Three additional methods of assignment of orbit, frequency and polarization for multiple users of 
broadcasting satellites have recently been developed and implemented on the computer in Canada in preparation 
for the RARC SAT-83. All methods can accommodate administrative operational constraints, e.g. multibeam 
satellites, specified orbital positions, channels and polarizations, etc.

The first method, BSS CAPS [Christensen, 1981; Leonard, 1981] features:

— the rapid evaluation of a single-valued objective function which is a measure of the severity of the total 
interference of the BSS plan being synthesized; and

— a menu of computer programs which enables the planner to successively make changes both manually and 
automatically in the assignments of channels an d /o r polarizations and manually in the assignment of satellite 
longitudes.
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By iteratively applying the various manual and automatic computer program options, the interference, as 
indicated by the objective function, is minimized. Since it was difficult to predict the exact planning methodology 
and constraints which will be favoured at RARC SAT-83, BSS CAPS was designed to provide a maximum of 
planning flexibility. -

The second method, the minimum impact method [Nedzela and Sidney, 1981], starts from the minimum 
orbital separation matrices and produces a plan by sim ultaneously  assigning a channel, an orbital position and a 
polarization to each service area in such a way that the number of possible assignments remaining for the next 
service area is maximized. To a first approxim ation this program gives an indication of the maximum 
orbit/spectrum  capacity under the assumed constraints and provides a good starting point for further refinement 
by one of the other routines.

The third method [Chouinard and Vachon, 1981] using the “branch and bound” technique begins with an 
initial assignment of orbital positions from which the compatibility matrices are generated in a m anner similar to 
the above RAI method. All possible simultaneous assignments of channels and polarizations are then generated.
From these, the plan is extracted that meets:
— the single entry protection ratio;
— the aggregate protection ratio, and
— the minimum carrier spacing.

The exponential nature of this exhaustive assignment process required special techniques to limit the 
computing time. The program indicates those service areas that constrain the plan in order that the appropriate 
orbital positions may be modified.

The above three programs are designed to be used in a complementary fashion to provide maximum 
flexibility and insight.

3. I n t e r f e r e n c e  a n a l y s i s  p ro g ra m s

To p r e p a r e  t h e  p l a n n i n g  c o n f e r e n c e s ,  som e a d m i n i s t r a t i o n s  p r o v i d e d  to  
t h e  IFRB v a r i o u s  i n t e r f e r e n c e  a n a l y s i s  p r o g ra m s  ( s e e  l i s t  i n  t h e  a n n e x ) .

F o r  t h e  c o n f e r e n c e s ,  t h e  IFRB h a s  d e r i v e d  f ro m  t h o s e  p r o g r a m s  i t s  own 
s o f t w a r e  w h ic h  h a s  b e e n  u s e d  d u r i n g  t h e  p l a n n i n g  p r o c e s s .

T h i s  s o f t w a r e  i s  a l s o  now u s e d  b y  t h e  IFRB d u r i n g  c o o r d i n a t i o n  
p r o c e d u r e s  f o r  m o d i f i c a t i o n s  o f  t h e  p l a n s .

N o te  - T he CCIR i n v i t e s  t h e  IFRB t o  p r o v i d e  a  b r i e f  sum m ary  o f  t h e  m a in  f e a t u r e s  . 
o f  t h o s e  p r o g ra m s  t o  b e  i n c o r p o r a t e d  i n  t h i s  p a r a g r a p h  d u r i n g  t h e  1 9 9 0 - 9 4  s t u d y  p e r i o d .

4 .  A d d i t i o n a l  c o n s i d e r a t i o n s

4.1 Shaped-beam considerations

The programs discussed in this Report include only one that deals, as part o f an analysis w
program, with shaped beams, whereas such beams may be desirable for efficient spectrum — orbit utilization and 
efficient utilization of space station power. The use of shaped beams is being studied by some adm inistrations, 
and additional computer programs to incorporate such beams in the analysis process are being developed. The 
analysis program used during the RARC SAT-83 did not include such a capability but did include the capability 
of using a “rapid ro ll-o ff’ pattern as an option to the standard reference pattern for the space station transm itting 
antenna (see Final Acts, WARC ORB-85). Com puter programs of this type may be necessary for planning the 
broadcasting-satellite service in the future in order to handle such beam specifications as some adm inistrations 
may submit. Further study of the desirability and feasibility of incorporating shaped beams in planning programs 
is required.



504 R e p .  8 1 2 - 3

When the planning of the broadcasting-satellite service (BSS) and the associated feeder links (AFL) 
proceeds independently, two separate computer programs will be required to test and evaluate the separate BSS 
and AFL plans. These'programs will be similar, but they will also have distinct features, particularly with respect 
to the input parameters. When the BSS and the AFL are planned simultaneously and together, the computer tools 
required comprise more than a combination of the two separate programs. The following features are desirable in
a combined BSS and AFL computer analysis program to test and evaluate complete BSS and AFL plans,
particularly those that take advantage of the added flexibilities made possible by simultaneous planning:

— maximum flexibility to handle unforeseen conditions and changes in parameter values or models;

— the capability of determining the feeder-link locations giving rise to the worst feeder link C / I :

— the capability of analyzing feeder-link plans separately, BSS plans separately, or both together;

— the capability to allow independent specification of feeder link and BSS frequencies and service areas and to
allow any connections between the two;

— the capability to specify feeder-link power in terms of either e.i.r.p. or C / N  at the satellite, including the 
proper rain margins;

— the capability to accommodate possible non-standard systems.

4-2 C om puter tools fo r  sim u lta n eo u s p la n n in g  o f  the  broadcasting-sa tellite  service a n d  fe e d e r  links

ANNEX I

LIST O F  D O C U M E N T S  A N D  R E F E R E N C E S

1. Synthesis programs

1.1 System configuration synthesis and cost evaluation

CCIR Doc. 11/136 (USA) [1974-78] Com puter programs for planning broadcasting-satellite systems.

“STAMP” : Satellite telecommunications analysis modelling program; by Stagl, T. W. et al., [October, 1973] 
“Computer-aided communication satellite system analysis and optim ization”, Washington University Report 
R(T)-73/2.

Computer Sciences Corp. [1973] A computer program for evaluating and synthesizing broadcasting-satellite 
systems by G. Knouse, W. Hodge, L. Shameson. Final Report No. 4169-011, Prepared for NASA, 
W ashington, DC., USA.

Communication satellite optim ization program, by W. C. Mitchell [June, 1975] The use of satellites in 
meeting the telecommunications needs of developing nations, Ph.D. Dissertation, Stanford University Communica­
tion Satellite Planning Center. Technical Report No. 1, prepared under NASA-Ames G rant NGR 05-020-659.

Minimum-cost satellite systems with maximum use of the orbit-spectrum program, by S. P. Russell 
[June, 1976] Techno-economic considerations in orbit-spectrum utilization, Ph.D. Dissertation, Stanford University 
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SECTION 10/11E: SHARING

REPORT 6 3 1 -4 *

FREQUENCY SHARING BETWEEN THE BROADCASTING-SATELLITE 
SERVICE (SOUND AND TELEVISION) AND 

TERRESTRIAL SERVICES

(Question 1/10 and 11, Study Programmes 1A. 1C, ID  and IE /10  and 11)

( 1 9 7 4 - 1  9 7 8 - 1  9 8 2 - 1  9 8 6 - 1  9 S 0 )

1. Introduction

Under the Radio Regulations, as revised by the World Administrative Radio Conference, Geneva, 1979,
the broadcasting-satellite service has allocations, or is permitted to operate, under certain conditions in the
following bands, all shared with other services:

— 620 to 790 MHz, which is mainly used by the fixed, mobile, and terrestrial broadcasting services;

— 2500 to 2690 MHz to be shared with the fixed, mobile, broadcasting and fixed-satellite services;

— 11.7 to 12.5 GHz in Region 1 to be shared with the fixed and broadcasting services on a primary basis (and 
with the mobile service on a secondary basis);

— 11.7 to 12.2 GHz in Region 3 where it is to be shared with the fixed, mobile and broadcasting services;

— 12.2 to 12.70 GHz in Region 2, shared with the fixed, mobile and broadcasting services;

— 12.5 to 12.75 GHz in Region 3 shared with the fixed, mobile and fixed-satellite services;

— 22.5 to 23 GHz in Regions 2 and 3, where it is to be shared with the fixed and mobile services (and, in the 
upper 0.45 GHz of that band, with the inter-satellite service);

— 40.5 to 42.5 GHz to be shared with the broadcasting service on a permitted basis; and

— 84 to 86 GHz to be shared with the fixed, mobile, and broadcasting services, except that these services cannot 
cause harmful interference to broadcasting-satellite earth stations operating in accordance with a plan yet to 
be adopted by a subsequent Administrative Radio Conference.

2. Elements to be considered in frequency sharing

In establishing the bases for frequency sharing between the broadcasting-satellite, terrestrial and inter­
satellite services, certain elements should be considered. These include the protection ratio necessary to ensure that 
the interference from one of the services will be acceptable to the others.

Values for protection ratios involving the broadcasting-satellite and terrestrial service are listed in 
Report 634. Also, the technical characteristics of the sharing systems, such as e.i.r.p., antenna aperture, sidelobe 
levels, receiver sensitivity and the kind of modulation used; and geographical considerations (such as the line of 
direction from the interfered-with to the interfering position and the establishment o f “exclusion areas” and the 
service areas) are factors to be taken into account. Constraints and limitations to these factors may be required to 
permit frequency sharing. Further sharing in a common area may be achieved by time sharing.

If co-area, co-frequency sharing is not possible, constraints and limitations necessary to permit sharing 
through the use of geographical frequency-sharing arrangements would be required.

B e fo re  t a k i n g  a s t e p  t h a t  would r e s t r i c t  o r  p r e v e n t  t h e  o p e r a t i o n  o f  a 
s e r v i c e  h a v in g  a p r im a ry  a l l o c a t i o n  i n  a  b an d ,  and w hich  a r e  in v o lv e d  i n  one o r  more 
o f  t h e  i n t e r f e r e n c e  s i t u a t i o n s  d i s c u s s e d  i n  t h i s  r e p o r t ,  e v e r y  e f f o r t  s h o u ld  be made 
t o  i n c r e a s e  t h e  f e a s i b i l i t y  o f  s h a r in g  be tw een  t h e  s e r v i c e s .

* T his R eport shou ld  be b rought to  the a tten tio n  o f  S tudy G ro u p s 8 and  9.
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Among t h e  m easu res  t h a t  c o u ld  i n c r e a s e  t h e  f e a s i b i l i t y  o f  s h a r i n g  a r e  t h e  
fo l l o w i n g :  ■

-  u se  o f  p e r fo rm an ce  o b j e c t i v e s  and a v a i l a b i l i t y  c r i t e r i a  com m ensurate w i th  t h e  needs 
o f  t h e  s e r v i c e  t o  be p r o v id e d ;

-  s e l e c t i o n  o f  c h a r a c t e r i s t i c s  o f  t h e  model sy s tem  t o  be p r o t e c t e d  t h a t  would 
r e s u l t  i n  minimum s e n s i t i v i t y  t o  i n t e r f e r e n c e ,  c o n s i s t e n t  w i th  p r a c t i c a l  
sy s tem  d e s ig n s  ( e . g .  a d e q u a te  t r a n s m i t t e r  power and a n te n n a  g a i n s ,  r e a s o n a b le  
p a t h  l e n g t h s ,  " ru g g ed "  m o d u la t io n  m e th o d s ,  e t c . )  (N ote t h a t  i n  most c a s e s ,  
d e c r e a s in g  s e n s i t i v i t y  t o  i n t e r f e r e n c e  a l s o  im proves sy s tem  p e r f o r m a n c e . ) ;

-  r e s t r i c t i n g  t h e  o p e r a t i o n  o f  h i g h l y  s e n s i t i v e  sy s tem s  t o  band  segm ents  n o t  
a l s o  a l l o c a t e d  t o  a  s e r v i c e  h a v in g  a  r e l a t i v e l y  h ig h  p o t e n t i a l  t o  c a u s e  
i n t e r f e r e n c e .

Among t h e  s t e p s  t h a t  c o u ld  r e s t r i c t ,  o r  p r e v e n t  t h e  o p e r a t i o n  o f ,  a  s e r v i c e  
h a v in g  a p r im a ry  a l l o c a t i o n  a r e  CCIR Recommendations o r  Radio R e g u la t i o n s  e s t a b l i s h i n g  
i n t e r f e r e n c e  t h r e s h o l d  ( t r i g g e r )  l e v e l s ,  o r  power f l u x  d e n s i t y  l i m i t s .

2.1 Sound broadcasting

In existing broadcasting-satellite allocations, there is no distinction made between sound and television 
systems. Satellite broadcasting in the band 620 to 790 MHz is permitted by No. 693 of the Radio Regulations but 
is limited to FM(TV).

The WARC-79 has recommended that the band 500 to 2000 MHz be analyzed to establish optimum 
locations for satellite sound broadcasting. Further study is required to determine whether there is any specific 
region of this band which is particularly desirable. Further study is also required to determine if sharing is feasible 
and, if so, under what conditions. Report 941 (Study G roup 9) concludes that in the case of the protection of 
terrestrial radio-relay systems against a possible FM satellite sound-broadcasting system operating in the band 
1427 to 1530 MHz, some form of energy dispersal would be required on the satellite emission. Digital modulation 
provides energy dispersal inherently. The application of artificial energy dispersal to FM satellite sound- 
broadcasting transmissions requires further study. The study in Report 941 assumed powers of the order indicated

in Report 955 and that protection required limitation o f the flux to the values applicable in the 2500 to 2690 MHz 
band (see § 4.1). Even with 14 dB energy dispersal (i.e. a power flux-dfensity in a 4 kHz band 14 dB below the 
total PFD) protection of the fixed, service appeared possible only under certain conditions, including a wide 
geographical separation between the broadcasting-satellite service area and the radio-relay systems concerned.

2.2 Television broadcasting

2.2.1 General equation for the limiting value o f power flux-density o f the unwanted signal to protect the 
wanted service

As previously noted, when a broadcasting-satellite service shares frequencies with a terrestrial 
service, it may be necessary to impose limitations on the power flux-density produced by the unwanted 
signal at the receiving stations of the wanted service. A general equation for determining the limit on 
power flux-density is:

F  ~  FqP — Rq + Dj + Dp — Mr — Af, 0 )

{Note. -  This equation may not be valid when the satellite signal arrives near grazing incidence. In this 
case an additional margin must be included.)

where:

Fs : maximum power flux-density (dB(W /m 2)) to be allowed at the protected station,
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F,qp: minimum power flux-density (dB(W /m 2)) to be protected, i.e. the power flux-density which, in the
face of thermal noise only, yields the output signal quality q that is to be exceeded for some 
specified high percentage of the time p,

' Rq : protection"ratio (ratio of the wanted-to-interference signal power at the receiver input) (dB) for
barely detectable interference when the output signal quality has been degraded by the thermal 
noise to q,

Dd : discrimination (dB) against the interfering signal due to directivity of the receiving antenna,

Dp : discrimination (dB) against the interfering signal due to polarization of the receiving antenna. This
factor is often combined with Dd as a single term,

Mr : margin (dB) for possible ground reflection of interfering signal,

M ,: margin (dB) for possible multiple interference entries.

The limit on power flux-density given by equation (1) insures that the output signal quality at the 
receiving station of the wanted signal will be equal to q even when the power flux-density of the system 
has faded to the level F,qp. During p%  of the time, the power flux-density of the system will be higher than 
F,qp and the output signal quality will be higher than q.

If it is desired to express Fs in terms of the median value of power flux-density from the wanted 
system, F,qm, which yields the same output quality statistics, the equation is:

Fs — F,qm — Mp — Rq + Dd +  Dp — Mr — Af, (2)

where Mp is the difference (dB) between the median value of the wanted signal level and the level exceeded 
p%  of the time.

Equations (1) and (2) can be applied to calculate the limits on the unwanted power flux-density, 
appropriate to any given wanted service. In the case of the terrestrial broadcasting service, the receiving 
station to be protected is assumed to be on the boundary of the potential service area of the terrestrial 
transmitter. This boundary is defined as the geographic contour within which the power flux-density from 
the terrestrial transmitter equals or exceeds that required to produce an output signal (television picture or 
sound) of acceptable quality in the absence of interference and man-made noise at 50% of the locations for 
at least p%  of the time, where for example, p  has a specified value in the range from 90% to 99%. In the 
terrestrial broadcasting service it is also traditional to describe the incident signal in terms of field-strength 
in dB(pV/m) rather than in terms of power flux-density in dB(W /m 2). The former can be obtained from 
the latter by adding 145.8 dB.

2.2.2 Power flux-density requirements

Report 215 discusses examples of the required power flux-densities for the broadcasting-satellite 
service in some detail, and Table XlVa and b of that Report contains numerical values of such power 
flux-densities. Report 811 indicates power flux-densities relevant to planning this service in the 12 GHz 
band.

Corresponding values for terrestrial amplitude-modulation television broadcasting services are 
indicated in Report 961.

2.2.3 Field strengths and power flux-densities to be protected

The field strengths and power flux-densities requiring protection are discussed in the sections 
concerning each frequency band.

2.2.4 Protection ratios

Report 634 deals with this subject in some detail and presents required values of protection ratio 
for different systems.

2.2.5 Use of special techniques to meet limitations on power flux-density

Energy dispersal techniques for frequency modulation could be considered to “spread” the radiated 
power over a wide radio frequency band to meet power flux-density limitations. Careful consideration, 
however, should be given to technical and economic impacts of the application of such techniques on the 
systems.

Some examples of the use of energy dispersal are given in the sections concerned.
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Several methods may be used to calculate the power flux-density at a given point on earth as 
produced by a broadcasting satellite (see, for example, Report 215).

3. Sharing in the 620 to 790 M H z band

Television broadcasting from satellites using frequency modulation only is dealt with in this section.

3.1 Sharing with the terrestrial broadcasting service

Frequency-sharing between a broadcasting-satellite system and a terrestrial broadcasting system requires 
that the receivers of each system be protected against interference from the emissions of the other system. The 
terrestrial receivers can be protected by imposing limits on the power flux-density produced by the broadcasting 
satellite at points within the terrestrial service area, as described in § 3.1.1. Conversely, the broadcasting-satellite 
system receivers can be protected against interference by requiring adequate separation between the terrestrial 
transm itter and the satellite receiver. An example of the separation required in a particular case is given in § 3.1.2.

3.1.1 Protection o f the terrestrial broadcasting service

To protect the terrestrial television broadcasting service from interference from a television 
broadcasting satellite, it is necessary to place a limit on the power flux-density that the satellite is allowed 
to produce at points within the service areas of the terrestrial television broadcasting stations.

A provisional value for this limit in the band 620 to 790 MHz is given in Recommendation 
No. 705 of the WARC-79:

2.2.6 C alculation o f  pow er flu x -d e n s ity  produced  by a g eo sta tionary  sa te llite

Fs =
129
129 + 0.4 (5 -  20) 
113

for 0° < 8 < 20° 
d B (W /nr) for 20° < 8 < 60° 

for 60° < 5 90°

where 8 (degrees) is the angle of arrival of the satellite signal above the horizontal plane.
In Recommendation No. 705 of the WARC-79, the CCIR was urged to study the frequency-sharing 

criteria to be applied in this band and to recommend a value to be used in lieu of the provisional limit. 
Several administrations subsequently conducted such studies and have made their individual suggestions 
regarding the limit on power flux-density that should be adopted.

In each case, the limit was calculated from an equation equivalent to equation (1) or equation (2). 
While there was not unanimity in the suggested limits on power flux-density, the differences can be 
understood in terms of the differences between the values assumed for the parameters in the equations. 
These assumptions are summarized in Table I; they will be discussed in some detail in order to illuminate 
the problems involved in reaching agreement on a satisfactory limit on the power flux-density.

3.1.1.1 Minimum terrestrial power flux-density to be protected

Recommendation 417 gives the values 67 and 70 dB(pV/m) for the field-strengths in Band V (610 
to 960 MHz) corresponding to Ftqp and F,qm in equations (1) and (2), respectively. The Recommendation 
also notes that “in a practical plan, because of interference from other television transmissions, the 
field-strengths that can be protected will generally be higher”. Nevertheless, some adm inistrations studying 
the question were agreed that advances in receiver technology and practical experience with terrestrial 
television reception suggested that consideration should be given to protecting lower values of field 
strength.

The EBU has suggested that in the service areas where a minimum median protected field of 
70 dB(pV/m) at 50% of the locations is taken as a basis, there is often a considerable number of home 
receivers and relay stations providing satisfactory pictures with a lower field. It can be considered that 
points where the field is about 65 dB(p.V/m) provide a satisfactory coverage. In many cases it is the only 
way of providing a service, because no other frequency is available. It is therefore necessary to protect a 
field of 65 dB(pV/m) against the total interference. Nevertheless, if this value is increased to 68 dB(|i.V/m) 
and if power-law addition is assumed, the field to be protected against interference caused only by 
satellites should be taken as equal to 65 dB(pV/m). The minimum power flux-density to be protected for 
the terrestrial system is then - 8 1  dB(W /m 2).

Table I shows examples of calculations of the limiting values of power flux-density from a 
broadcasting satellite required to protect the terrestrial broadcasting service. The example from the USSR 
gives the values of power flux-density, taking into account the following:



Rep. 631-4 511

-  frequency band occupied by the interfering signal;
-  bandwidth of the am plitude-modulation, vestigial-sideband receiver;
-  level o f random noise at the output of the amplitude-modulation, vestigial-sideband receiver.

3.1.1.2 Protection ratio

The values of protection ratio given in Table I were measured under different conditions. More 
detailed results are given in Report 634, which also discusses the various measuring conditions and system 
parameters which affect the assessment of protection ratio. In that Report, it is suggested that, where 
possible, the protection ratio should be defined for a specified com bination of conditions and parameters. 
Corrections which may be applied for different conditions and parameters are also given in Report 634. 
The value of protection ratio proposed by the EBU (see Table I) is based on the reference conditions.

3.1.1.3 Directivity discrimination

None of the examples takes explicit account of the directivity of the receiving antenna; instead they 
consider the worst case in which the interfering satellite signal arrives from a direction close to the 
receiving antenna axis. However, all adm inistrations appear to accept the idealized antenna pattern for 
Band V given in Recommendation 419, although the USA Administration notes that in practice, more 
directive antennas are likely to be used at the service area boundaries in question. In any case, using the 
pattern of Recommendation 419 would lead to an escalation of satellite power flux-density with angle of 
arrival similar to that given in the provisional limit o f Recommendation No. 705 of the WARC-79.

3.1.1.4 Polarization discrimination

If circular polarization is used for the broadcasting satellite transmission, a discrim ination of up to 
3 dB may be expected from the linearly polarized terrestrial receiving antenna. Report 339 (New 
Delhi, 1970) contained data for the discrimination that will be achieved in the usual case where the 
satellite transmitting antenna and the terrestrial receiving antenna are not to be aligned with each other.

3.1.1.5 Margin for ground reflections

There is no direct experimental evidence regarding this quantity, but the United Kingdom 
Administration reports that extrapolation to Band V of experimentally verified theoretical predictions of 
reflection from irregular terrain at 230 MHz suggest that 3 dB is a reasonable value. The Administration of 
France and the EBU agree with this assumption and cite extreme cases of near unity reflection of 
terrestrial signals from the sea which could enhance the interfering signal by 6 dB.
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TABLE I -  Examples o f  the calculation o f  the limiting values o f  pow er flux-density from  a broadcasting satellite 
required to protect the terrestrial broadcasting service in the band 620 to 790 M H z

1. Data relating to the wanted signal

Source documents

(1978-82)
10-11S/11

(EBU)

(1970-74)
11/64

(USA)

(1978-82) 
10-11S/53 
(USSR)

1.1 Television standard and system
I/PA L ,

L/SECA M ,
G /PA L

M /N TSC K/SECAM

1.2 Assessment scale
Quality 
5-point 

(5: excellent)

Im pairm ent 
6-point 

(1: imperceptible)

Impairment 
5-point 

(5 : imperceptible)

1.3 G rade o f picture quality 4.5 3 4.5

1.4 Picture signal-to-unweighted noise ratio (dB) > 4 1 .5 27 N ot less than 40

1.5 M inimum field strength to be protected against interference 
caused by satellite (dB(/iV /m )) 65 56(0 70

1.6 Minimum power flux-density, terrestrial, to be protected, 
Ftqp (dBfW /m 2)) -8 1 - 9 0 - 7 6

2. Data relating to the protection ratio

• Source documents

(1978-82)
10-11S/11

(EBU)

(1970-74)
11/49
(USA)

(1978-82) 
10-11 S/53 

11/116 
(USSR)

2.1 Picture content o f wanted signal Slides
Slides and 
off-the-air 

programmes
Slides

2.2 Characteristics o f 
unwanted signal

Picture content Colour-bars
Colours-bars 

and off-the-air 
programmes

Colour-bars

Frequency deviation 
peak-to-peak (MHz) 12 18 22

Pre-emphasis Yes No Yes

Dispersal No No No

2.3 Protection ratio R q (dB) 54(2) 35 47(3)

3. Directivity discrimination, D d (dB) (4) - - -

4. Polarization discrimination, Dp (dB) 2 - 2

5. Reflection margin, M r (dB) 3 - 3

6. Multiple interference entry margin, A/, (dB) - - -

7. Resultant limit on power flux-density, 
Fs (dB(W /m 2)) -1 3 6 -1 2 5 -1 2 4

(0  The assumed fading margins are those associated with an e.i.r.p. of 2 M W  from an antenna at a height o f 300 m in the terrestrial 
broadcasting service. M edian field strengths o f 60  dB(pV /m ) and 65 dB(pV /m ) would yield the same picture quality as above, 
for 90%  and 99%  of the time, respectively.

(2) For L /SEC A M  the protection ratio is 50.5 dB.

(3) Protection ratios for various peak-to-peak deviations are shown in Fig. 8 o f Report 634.

(4) No directivity discrimination can be assumed, since only angles o f elevation less than  20* are considered.
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3.1.1.6 Multiple interference margin. Mi

In the service area of a terrestrial transmitter, a satellite can cause interference only when the 
receiving antennas point ip a direction not very different from that of the satellite. It is therefore 
unnecessary to allow for interference from several satellites, if it can be assumed that there will never be 
more than one satellite emission at the same time on the same channel and in about the same direction.

3.1.1.7 Summary and conclusions

From information provided by the EBU, the numerical value has been calculated for the 
limit which should be imposed on the power flux-density to protect terrestrial broadcasting in the 
band 620 to 790 MHz, against the emissions from future satellites, using frequency-modulation television. 
The result is given for systems I/PA L, L/SECAM  and G /PAL. For these three systems, the figure is 
— 136 dB(W /m 2), for the reference conditions. This is 7 dB lower than the provisional value recommended 
by the WARC-79.

The service area boundaries were defined in terms of very nearly the same minimum values of 
terrestrial field strength to be protected as recommended by the CCIR, and possible fading of the 
terrestrial signal at the service area boundaries was neglected.

The example presented by the Administration of the USA afforded protection to a much lower 
terrestrial field strength, taking into account both an assumed better receiving installation, significant 
terrestrial signal fading, and a lower picture quality. In the USA, a lower protection ratio is used which 
corresponds to the lower assumed picture quality and is based on a wider frequency deviation for the 
interfering frequency-modulation satellite signal, as well as picture contents more typical of off-the-air 
programming. The satellite power flux-density limit in the example presented by the USA Administration 
was -1 2 5  dB(W /m 2), i.e. 4 dB higher than the provisional value recommended by the WARC-79.

Under the conditions presented by the Administration of the USSR in Table I, footnote (2), the 
limit for the power flux-density was —124 dB(W /m 2), i.e. 5 dB higher than the provisional value 
recommended by the WARC-79.

Having studied all the values incorporated in equation (1) as well as the results of protection ratio 
measurements in television for maximum permissible power flux-density at the surface of the Earth from 
broadcasting satellites operating in the band 620 to 790 MHz, the USSR Administration proposed the 
following values:

where y =  0.45 (Dv -  Dov) + MdDdv, the correction coefficient depending on the energy distribution of 
FM interference, taking account of its perception by the viewer.

Roq is the protection ratio for the value of the frequency deviation Dov taken as reference 
(determined from the corresponding curve in Fig. 8 of Report 634);

Ddv is the peak-to-peak amplitude of the frequency deviation due to the dispersal signal in MHz;
and,

Md is the coefficient determined from Fig. 9, Report 634.

In evaluating Fs it was assumed that,

Until greater agreement is reached concerning the values to be assumed for the relevant parameters, 
it is premature for the CCIR to recommend a single value for the satellite power flux-density limit 
necessary to protect terrestrial broadcasting. Indeed the possibility cannot be dismissed that it may be 
necessary to adopt different power flux-density limits for combinations of wanted and unwanted signals 
having different signal standards.

3.1.2 Protection o f the broadcasting-satellite service

Protection of the broadcasting satellite ground receiving stations is normally achieved by main­
taining a minimum separation between them and the terrestrial transmitter. The minimum separation 
depends on the characteristics of both the earth receiving installation and the transmitting station in the 
terrestrial broadcasting system. An example of the terrestrial power flux-density and separation distance 
required to protect the satellite service is given in Figs. 1 and 2 for the following characteristics:

— 77 — Roq -I- y for 0° < 8 < 20° 
for 20° <  8 <  60° 
for 60° <  8 <  90°

F,qp  76 dB(W /m 2), Dd =  0, Dp = 2 dB, Mr =  3 and M, =  0
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Ratio <plq>0

FIGURE 1 — Example o f maximum permissible power Jlux-density 
from a terrestrial transmitter to protect an earth-station receiver

<p : direction of terrestrial transm itter relative to the axis
of the main beam of the earth-station antenna

<p0 : 3 dB beam width of earth-station antenna

------------------ : 525-line system M (Canada, USA)

—  —  —  — : 625-line systems

2 2 0  2 6 0  3 0 0  3 4 0  3 8 0  4 2 0  4 6 0
Distance from terrestrial transm itter (km)

FIGURE 2 — Example of separation distance to protect earth-station receivers 
from terrestrial transmitters

Terrestrial transm itter e .i.r.p .: 1 MW 

A ntenna height above average terra in : 300 m 

F requency : 700 MHz

— — —  : 525-line system M (Canada, USA)

------------ : 625-line systems
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3.1.2.1 Terrestrial broadcasting system

— transmit station e.i.r.p.: 1 MW;

— transmit antenna height above average terrain: 300 m;

— luminance signal-to-unweighted r.m.s. noise, for just perceptible interference: 36 dB (525 lines), 45 dB 
(625 lines):

— minimum signal to be protected: 64 dB(uV/m) (525 lines), 65 dB(uV/m ) (625 lines);

— receive antenna maximum gain (Recommendation 419): 16 dB;

— required protection ratio from satellite service: 42 dB (525 lines) and 52 dB (625 lines).

3.1.2.2 Broadcasting-satellite service fo r  community reception

Frequency modulation with peak-to-peak deviation: 10.6 MHz (525 lines), 13 MHz (625 lines):

— luminance signal-to-unweighted r.m.s. noise (edge of beam area): 36 dB (525 lines), 45 dB (625 lines);

— satellite power flux-density at edge of beam area:
-1 1 8  dB(W /m 2) (525 lines),
-1 1 0  dB(W /m :) (625 lines);

— receive antenna gain (3.3 m diameter, 9° beamwidth): 25 dB;

— receive antenna discrimination (Report 810): (10.5 + 25 log cp/<Po);

— required protection ratio from terrestrial service: 18 dB (525 lines), 28 dB (625 lines).

Note. — The calculations do not include allowance for polarization discrimination nor for ground
reflections or multiple interference. Note also that the example shown in this section uses a protection
ratio of 18 dB which would result in a picture impairment level between 3.5 and 4 for less sensitive
material. Report 634 now indicates that protection ratios as high as 32 dB may be required for less
impairment of more sensitive material. Such protection ratios would result in larger required separation 
distances and larger required angles of discrimination.

3.2 Sharing with fixed  and mobile services

Limitations on power flux-densities which would have to be imposed on the broadcasting-satellite 
television service to protect Fixed and mobile services, including trans-horizon radio-relay systems, at present 
allocated the same frequency bands as the broadcasting service, may cause difficulties in such sharing. Careful 
consideration is, therefore, necessary before introducing the broadcasting-satellite service. Tropospheric scatter 
systems which point towards the geostationary orbit are particularly vulnerable. Examples of the required power 
flux-density limits in the case of sharing with land mobile services are given in Annex I.

4. Sharing in the band 2500 to 2690 MHz

4.1 Sharing with the fixed  service

(Note. — Proposed fixed-satellite systems used for television distribution are also subject to these considerations
to the extent that they are technically similar to broadcasting-satellite systems.)

The band 2500 to 2690 MHz is shared by the fixed, mobile, fixed-satellite and broadcasting-satellite 
services, all of which have primary allocations in the band. Other services have secondary allocations in the upper 
portion of the band, 2655 to 2690 MHz. Both the broadcasting-satellite and the fixed-satellite services are subject 
to the same limit on power flux-density (as given in Nos. 2561 to 2564 of the Radicf Regulations). Therefore, the 
considerations and conclusions of this section apply to both these services.

The terrestrial systems in the fixed service which are considered for frequency-sharing with broadcasting or 
fixed satellites include line-of-sight and trans-horizon radio-relay systems and a certain type of television
distribution system. Conditions of sharing between the television broadcasting-satellite service and other terrestrial
services are not presented due to the lack of sufficient data.

The type of broadcasting-satellite system chosen for examination is one designed for community reception. 
An example of the parameters of such a system is given in Table II.
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TABLE II -  Example of the characteristics o f a satellite television system 
for community reception (operating in the vicinity of 2600 MHz)

(System M, USA and Canada)

Circularly-polarized emission

Frequency modulation

Equivalent rectangular bandwidth: 20 MHz

Earth-station receiving antenna gain 
(2.5 m paraboloid): 34 dB(i)

Earth-station receiving antenna discrim ination:

10.5 + 25 log (<p/<p0)
where:

<P : angle o ff the main beam axis,

<p0: angle between the half-power points, 3.1°

Minimum side lobe gain: 0 dB

Satellite field-strength to  be protected at beam edge: 28 dB(/tV /m )

Luminance signal-to-unweighted r.m .s. noise: 36 dB

Required protection ratio from ITFS(2): 30 dB(3)

(*) A  2.5 m diam eter antenna has been used in this example because it is considered to 
result in overall minimum system cost for many Region 2 applications, as found in 
a study performed in the United States [Kelley et al., 1976].

(2) IT F S  means “ Instructional Television Fixed Service” .

(3) Taken from Report 634.

4.1.1 Sharing with line-of-sight radio-relay systems

Although this case could not be studied in detail owing to lack o f relevant inform ation, it should 
be noted that the establishment of circuits comprising a large number of relay stations often implies the 
repetitive use of frequencies according to a plan occupying a continuous section of the allocated band 
which cannot be departed from without difficulty (see Recommendations 283 and 382).

Co-channel operation between a broadcasting-satellite system and a terrestrial radio-relay system 
results in a number of limitations because the presence of a transm itter of a terrestrial radio-relay system 
within, or in the neighbourhood of, the service area of the broadcasting satellite system gives rise to a 
“hole” in the broadcasting service area. This makes planning of the radio-relay channelling very difficult.

4.1.2 Sharing with trans-horizon radio-relay systems

Frequency-sharing between broadcasting-satellite systems and trans-horizon radio-relay systems in 
the vicinity of 2600 MHz is technically feasible only to the extent that each system can accept certain 
technical and operational limitations required to protect it against interference from the other. (See also 
§ 8.4.3 of the Report of the Special Joint Meeting, Geneva, 1971.)
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Protection of trans-horizon systems from harmful interference from the broadcasting-satellite 
service is currently provided by a combination of power flux-density limits on the satellites (Nos. 2561 to 
2564 of the Radio Regulations), by a statement urging that trans-horizon system antennas not be directed 
toward the geostationary-satellite orbit (No. 764 of the Radio Regulations) and by inference, not within 2° 
of it (No. 2502 of the Radio Regulations).

Methods for determining the azimuths and elevation angles to be avoided by trans-horizon system 
antennas are given in Report 393.

4.1.2.1 Protection of trans-horizon systems

4.1.2.2 Protection o f  broadcasting-satellite systems

The receivers o f the broadcasting-satellite service would be susceptible to interference from 
trans-horizon radio-relay transmitters within an elongated zone which extends for a considerable distance 
in the direction in which the trans-horizon antenna is pointed; the extent of this zone is a function of the 
antenna directivity and the relative directions of the trans-horizon link and the satellite. Therefore, the 
establishment of a satellite broadcasting coverage area would prevent the introduction of new trans­
horizon systems in that area and also, nearby, if the entire area were to be protected from interference.

4.1.3 Sharing with a certain type o ffixed  terrestrial television distribution

An example of the characteristics o f the type of terrestrial television distribution system in question 
is given in Table III. These characteristics are typical of the Instructional Television Fixed Service (ITFS) 
system used in parts of Region 2. Specifically, such systems utilize approximately 10 W transmitters with 
omnidirectional, or directional, antennas and specified receiving points (educational institutions) which 
employ directional parabolic receiving antennas. A range of more or less standardized receiving antennas 
is used with apertures of 0.61, 1.22, 1.83 and 2.44 m (2, 4, 6 and 8 ft). The appropriate antenna is selected 
for the distance from the transmitter. The receiver noise figure in many of the systems is 9 dB. However, 
recent technological advances will permit use of receivers with noise figures as low as 3.5 dB.

Frequency-sharing in the vicinity of 2600 MHz between a broadcasting-satellite system and an 
ITFS system is technically feasible under certain conditions. A limit on the power flux-density of the 
satellite signal would have to be specified to protect the ITFS service and a “hole” or an area of 
interference within the satellite service zone would be created due to interference from the ITFS operation. 
The size of this area of interference depends on the transmitter power and height of the transmitting 
antenna of the ITFS system, the angular discrimination of the earth receiving antennas of the 
broadcasting-satellite system, and the angle of elevation of the satellite.

4.1.3.1 Protection o f  the ITFS system

The television broadcasting-satellite service using wideband frequency-modulation can share 
frequencies with ITFS in the 2600 MHz band provided the satellite power flux-density for each channel is 
limited in accordance with the values shown in Fig. 3.

It can be shown that the allowable interfering power flux-density p, is:

C /N  4nkTB  1
Pi "  C /I  ' I 2 * G(<p)

where G(tp) is the ITFS antenna gain at an off-axis angle (p.

In Fig. 3 curves are provided for each ITFS antenna aperture, for noise figures of 9 and 3.5 dB, 
and for a luminance signal-to-unweighted r.m.s. noise ratio of 43 dB, representing the likely range of 
system performance. The dashed line shows the PFD for the broadcasting-satellite system based on 
Table II (i.e. -1 1 5  dB (W /m 2) beam centre).
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TABLE III -  Example of characteristics for a typical ITFS system 
(operating in the vicinity o f 2600 MHz)

Amplitude modulation, vestigial sideband, 
System M (USA and Canada) Omnidirectional

E .i.r.p . (dBW) 20

Service range (approximate) (km) 50

Received signal to be protected (dB (/rV/m)) 56

Luminance signal-to-unweighted r.m .s. noise (dB) 43

Receiving antenna gain : (dB) 
for diameter (m): g gj 21.5

1.22 27.5

1.83 31

2.44 33.5

Receiving antenna discrim ination: (dB) 
where:

10.5 + 25 log(<p/(p0)

<p : angle o ff the main beam axis,

<p0: angle between the half-power points.

Required protection ratio from  satellite signals (dB) 50

Receiving antenna beamwidth (degrees) 12.8; 6.4; 
4.3 and 3.2
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FIGURE 3 -  Allowable interfering broadcasting satellite power flux-density as a function o f offset angle (for protection o f the ITFS
system)

Curve Diameter, D (m) Noise figure (dB)
1A 0.6 9
IB 0.6 3.5
2A 1.83 9
2B 1.83 3.5
3A 2.44 9
3B 2.44 3.5

Note. -  S/N  = 43 dB and C/I = 50 dB for all curves.

C --------------------Signal to be protected (beam  centre PFD, -1 1 5  dB(W/m2))
P : protected 
NP: not protected

For the contiguous United States, angles of elevation are almost always greater than 30° for 
satellites in mid-continental locations. Note also that the offset angle (between the main beam of the 
broadcasting-satellite earth-station antenna and a terrestrial station antenna) will never be less than the 
angle of elevation to the satellite, regardless of terrestrial system azimuths. Therefore, as can be seen from 
Fig. 3, a broadcasting-satellite system would not cause interference to a 43 dB S / N  ITFS system having 
the characteristics shown in Table III even if the ITFS receiver has a noise Figure as low as 3.5 dB (as can 
be seen in Curves 1A, 2A, 3A, IB, 2B and 3B).

ITFS systems having higher S / N  objectives, say 45 or 49 dB, would be protected against 
interference with even smaller offset angles. Similarly, lower protection ratios, which might be acceptable 
for interfering BSS signals of higher peak-to-peak deviation (as discussed in Report 634, § 1.6) would also 
result in smaller offset angles to achieve the desired level of protection.
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An earth receiving installation for community reception can be protected from ITFS interference 
provided that the power flux-density of the latter is limited to a maximum of -1 1 5  dB (W /m 2) as seen 
from Fig. 4. This protection is achievable at a minimum angle of elevation for the satellite of 31°.

4.1.3.2 Protection o f  the  television broadcasting -sa tellite  system

FIGURE 4 -  Example o f maximum permissible power flux-density from terrestrial station 
transmitters to protect BSS earth-station receivers 

i (ITFS at 2.6 GHz)

<p : direction of satellite relative to axis of main beam of terrestrial receiving antenna 
<p0: 3 dB beamwidth of terrestrial receiving antenna

The necessary separation between the earth receiving installation location and the ITFS transm itter 
for different values of the ITFS power flux-density and angles of discrimination in the range from 60 km 
to over 140 km is shown in Fig. 5. These values assume no site shielding, and were calculated from the 
following formula:

E,(d, r) =  e.i.r.p., -  10 log {And1) -  L,(d, r) +  145.8 (4)

where,

E,{d, r) : signal emitted by terrestrial transm itter at distance, d, with probability, r(%), (dB(p.V/m))

d : distance from terrestrial transmitter,

L,{d, r ) : attenuation in excess of the spreading loss at distance, d, not exceeded for r% of the time (here,
assumed 1%).

Note that a protection ratio of 30 dB was used in this example, which is consistent with Report 634 
and the value of L,{d, r) is consistent with Report 569 and assumes a value of H = 200 m.
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The separation distances shown in Fig. 5 are theoretical, worst-case values. Some observations have 
been made of interference from ITFS transmitters to receivers similar to those that might be used in the 
broadcasting-satellite service. These interference values were obtained from experiments conducted with the 
ATS-6 spacecraft and a multiplicity of small receiving installations, some of which were sited near ITFS 
transmitters or at various locations within their antenna patterns.

Distance from terrestrial transmitter (km)

FIGURE 5 -  Example o f separation distance to protect earth-station receivers from terrestrial
transmitters 

(ITFS at 2.6 GHz)
E.i.r.p.: 20 dBW

Although the actual separation distances and discrimination angles were not, in several cases, 
sufficient to ensure interference-free reception based on the criteria of this Report, no interference was 
noted even though such receivers were quite close to the transmitter or almost in its main beam.

Although these observations were not sufficiently detailed or extensive enough to dictate changes in 
the methods of calculation described in this Report, they do suggest that the methods herein are 
conservative, and that there may be more interference-free locations and areas than indicated by the curves 
in this Report.

Results and conclusions in this section are based on theoretical considerations. Precise measure­
ments of interference in the vicinity of terrestrial systems in the band 2500 to 2690 MHz are needed to 
confirm these predictions.

4.2 Energy dispersal

The use of energy dispersal in the 2.6 GHz band has been examined by one administration. Calculation of 
the required bandwidth and corresponding signal-to-noise ratio lead to the conclusion that the performance o f a
2.6 GHz broadcasting-satellite system using small receiving antennas can be severely limited by the need to 
provide energy dispersal.

4.3 Sharing with the radioastronomy service

Report 224 discusses sharing between the radioastronomy service and the broadcasting-satellite service. In 
the shared band, the possibilities of geographical sharing need to be explored. In making assignments, the 
attention of administrations is drawn to the adjacent band problems discussed in Reports 224 and 807.
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This section presents the conditions for frequency-sharing in the 12 GHz band between the broadcasting- 
satellite and terrestrial services. Sharing between the broadcasting-satellite service and the fixed-satellite service in 
the band 11.7 to 12.2 GHz (applicable to Region 2) is considered in Reports 561 and 809.

Rainfall attenuatioiT in some climates may require large propagation margins if high service reliability is 
desired. The effect o f this margin should be taken into account when considering sharing problems.

5.1 Conditions fo r  the protection o f  terrestrial systems against interference from broadcasting satellites

5.1.1 General considerations

The bandwidth of a 625-line broadcasting-satellite emission is given as an example in Report 215 
as 27 MHz. For conditions where no video information is present or where the video information is 
repetitive in certain ways, the power can collect itself in the form of spikes of energy. Since some 
terrestrial services may be affected by power spectral density rather than total interfering power it is 
important to try and relate the power of a broadcasting satellite emission to the power in different 
bandwidth values. This leads to consideration of applying energy dispersal to the broadcasting-satellite 
emission or interfered-with service.

For terrestrial systems carrying analogue FDM-FM telephony, in which a 4 kHz bandwidth is 
considered when assessing interference levels, the advantages of energy dispersal are significant. Studies of 
energy dispersal in the broadcasting-satellite service have shown that “natural” dispersion values on the 
order of 10 dB exist [CCIR, 1974-78a, b and c].

The WARC-BS-77 adopted the use of energy dispersal for the broadcasting-satellite service 
specifying the value of 600 kHz. The WARC ORB-85 in incorporating the RARC SAT-83 broadcasting-
satellite service Plan for Region 2 into the Radio Regulations, required the use of energy dispersal such
that the spectral power flux-density, measured in a 4 kHz bandwidth, be reduced by 22 dB in relation to 
that in the centre bandwidth. This reduction corresponds to a peak-to-peak deviation of approximately 
600 kHz.

With such a value the advantage for terrestrial systems carrying television signals would appear to 
be negligible. The subjective effect of a dispersed FM-signal on an AM-TV signal actually gives a 
reduction in protection ratio of about 1.5 dB per MHz peak-to-peak deviation of the dispersed signal (see 
Report^634).

It is unlikely that there will be widespread use of energy dispersal by terrestrial services such as the 
fixed service.

The power flux-density in a 4 kHz bandwidth from a broadcasting satellite emission can be simply 
obtained by subtracting the appropriate value in Table IV from the total power flux-density in the 27 MHz 
bandwidth.

5. Sharing in band 11.7 to 12.75 GHz

TABLE IV — Energy dispersal advantage relative to a 4 kHz band

Condition of dispersal Energy dispersal (dB)

Natural 10
600 kHz (WARC-BS) 22
1 MHz 25
2 MHz 27
4 MHz 30

An additional protection advantage also dependent on the spectrum of a broadcasting-satellite 
emission, may be obtained in certain circumstances by offsetting the terrestrial channels from the 
broadcasting satellite channels. Such protection will of course depend on the terrestrial emission having a 
bandwidth equal to, or less than, the spacing between the satellite broadcast channels; and the precise 
advantage will depend on the spectrum of the two signals. Further study is required to produce numerical 
values but they may lie in the range 0 to 10 dB depending on the aforementioned factors. Since 
Report 634 indicates that energy dispersal has an adverse effect on protection ratios it would appear to 
follow that energy dispersal would have an adverse effect on the advantage to terrestrial services from 
offsetting their emissions from those o f broadcasting satellites.
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Both the WARC-BS-77 and RARC SAT-83 adopted circular polarization for the broadcasting- 
satellite service. Terrestrial systems employing linear polarization should not rely on more than 3 dB of 
polarization discrimination.

5.1.2 Interference to terrestrial broadcasting from  the BSS

Interference to terrestrial broadcasting from broadcasting satellites is treated in this section as 
depicted in Fig. 6. The Figure shows the two essential elements of sharing in this situation: that of the 
satellite antenna discrimination (which can be expressed as a function of the off-axis angle, (p) and that of 
the terrestrial receiver antenna discrimination (which can be expressed as a function o f the angle of 
arrival, 9).

Service area of broadcasting satellite

FIGURE 6 — Interference to receiver of terrestrial broadcast from broadcasting-satellite transmitter

ip : off-axis angle of satellite antenna 

B : beam centre 

d : angle of arrival 

R : terrestrial receiver
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To illustrate the concepts of this sharing model, the beam centre indicated in Fig. 6 is assumed to 
be aimed at a point 40° north and the beamwidth of the satellite antenna is assumed to be 2°. The 
resulting power flux-density at that longitude is shown in Fig. 7 by the solid line. The different values 
result from the satellite antenna discrimination. The dashed line indicates for the example of a radio relay 
system carrying television (line 2 in Table V), the interfering power flux-density which can be accepted. 
The different values result from the radio relay antenna discrimination. Where the dashed line is above the 
solid line, sharing is feasible for any direction of azimuth of the terrestrial receiver. Where the solid line is 
above the dashed line, sharing is only feasible when the radio-relay antenna is displaced in azimuth by a 
suitable am ount from the satellite position on the geostationary orbit. This same example is plotted in 
Fig. 8 in the form of a contour map showing that with this particular example of terrestrial systems 
sharing is feasible in the non-hatched portions with no restrictions. Sharing is feasible in the hatched 
portions only with restrictions on the pointing direction of the radio-relay antenna.

FIGURE 7 -  Example for sharing model 2 showing feasibility o f 
frequency sharing between a broadcasting satellite providing 
individual reception and a radio relay system carrying television

_  Power flux-density from broadcasting satellite;
-  aiming point of satellite beam 40° N
-  satellite antenna beamwidth 2°

_  _  _  Maximum acceptable interfering power-flux density into a radio 
relay system carrying television (example in [CCIR, 1974-78e]).

—  Equator

Curves A: terrestrial system 
B : satellite
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Angle o f elevation

FIGURE 8 -  Power flux-density from a broadcasting satellite 
with a 2° beam aiming at a latitude o f 40° N

Note. -  The hatched regions in the above diagram indicate the area o f the surface o f the Earth 
where the maximum permissible interference power flux-density into a television radio-relay link 
is exceeded, limits from [CCIR, 1974-78 f].
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TABLE V -  Examples fo r  interfering power flux-densities acceptable by systems in the 12 GHz band
(From [CCIR, 1974-78a])

Wanted system Percentage 
of time

Maximum interfering power flux- 
density (dB(W/m2)) for angle 
of arrival of 0° relative to the 

main axis of terrestrial 
antenna

Antenna off-beam 
discrimination^)

1 2 3 4

Line-of-sight FM-radio relay links 
carrying telephony (3)

99.9 — 128/4 kHz 0  . 
at any angle of arrival

35-25 log <p

Line-of-sight FM-radio relay links 
carrying television programmes (3)

99.9 —125/5 MHz 10.5 + 25 log ( tp/ <p0)

Line-of-sight AM multi-channel systems 
carrying television programmes (3)

99.9 — 134/5 MHz 10.5 + 25 log (q>/(p0)

Terrestrial AM television system 99 — 130/5 MHz 9 + 20 log (<p/ <p0)

Terrestrial FM television system 99 — 130/27 MHz 9 + 20 log (<p/ <p0)

Broadcasting-satellite system 
(individual reception)

99 — 131/27 MHz —(9 + 20 log ( tp/ <p0 ))(*) 
for 0.707 <0<({K 1.26(0 

- (8 .5  + 25 ioglo(<P/<Po)) 
for 1.26 <Po<<p^9.55<p0

(1) Antenna off-beam gain.

(2) See Report 810.

(3) For further inform ation on parameters o f these systems consult Report 608 (Kyoto, 1978).
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It should be noted that the above example only considers the case of a single satellite beam. Whilst 
a 2° beam at 40° N is considered a fairly worst case example, the precise geographical area over which 
sharing is feasible will depend on the outcome of the actual orbit position/frequency assignment plan 
which is established. The geographical area will also depend significantly on the sensitivity of the 
particular terrestrial services using the band.

The above example is for a single value of satellite antenna beamwidth. A more general way of 
expressing the sharing criteria for any satellite beamwidth is illustrated below for the example of a 
terrestrial broadcasting system [CCIR, 1974-78d].

In the example the necessary value for the protection ratio for just perceptible interference, PRq, is 
56 dB (wanted signal AM-VSB, 625 lines; unwanted signal FM, nominal peak-to-peak frequency deviation 
8 MHz). However, taking into account the masking of interference by random noise, a lower value, PRU 
for the protection ratio, calculated according to the formula:

PR\ =  PRo -  (49 -  S / N )  (5)

has been adopted in our calculations, where S / N  is the peak-to-peak luminance signal-to-r.m.s. weighted 
noise, exceeded for 99% of the time at the edge of the coverage area in the terrestrial broadcasting system. 
This signal-to-noise ratio is assumed to be 39 dB.

Thus,

PR\ =  56 -  (49 -  39) = 46 dB (6)

The minimum power flux-density of the wanted signal at the edge of the coverage area in the
terrestrial broadcasting system, exceeded for 99% of the time is -8 5 .5  dB (W /m 2). Thus, the interfering
power flux-density of a signal arriving from the least favourable direction in the horizontal plane should 
not exceed -  131.5 dB(W /m 2).

On the assumption that a typical power flux-density produced on earth by the broadcasting-satellite 
at the beam-centre in clear weather is - 9 8  dB(W /m 2), a discrimination of about 33.5 dB must be ensured.

The envelope side-lobe diagram of the receiving antenna in the terrestrial broadcasting system is 
assumed to comply with the reference curve A given in Report 810, Fig. 2. Values for the antenna gain 
according' to this reference curve are shown in Table VI.

It appears from Table VI that the required discrimination of 33.5 dB cannot be obtained from the 
angular response of the receiving antenna in the terrestrial broadcasting system alone. Thus, co-channel 
operation o f the terrestrial service using am plitude modulation within the broadcasting-satellite service area 
is not possible.

TABLE VI -  Gain and angular discrimination for receiving antennas in the terrestrial broadcasting system

Off-axis 
angle (9) 
(degrees)

A ntenna gain (dB)

Relative to isotropic 
radiator

Relative to  maximum 
main-lobe gain (34.5 dB)

10 13.5 -2 1 .0
15 8.0 -2 6 .5
20 5.5 -2 9 .0
25 3.0 -3 1 .5

>  29.65 1.5 -3 3 .0

However, outside the broadcasting-satellite service area additional angular discrimination is 
obtained, due to the angular discrimination of the broadcasting-satellite transm itter antenna (see Fig. 6).

The relative gain of the broadcasting-satellite transmitter antenna is assumed to comply with 
Report 810, Fig. 1, curve A. The required value of <p/<p0 (Fig. 6) to obtain sufficient additional angular 
discrimination has been calculated and is shown in Table VII.
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TABLE VII -  Required value o f  additional angular discrimination o f  BC-SAT transmitter antenna

BC-SAT elevation 
angle at 

receiving point 
(degrees)

Required value for the 
angular discrimination of 

the BC-SAT transm itter antenna 
(dB)

Required value 
for

<p/(p0

10 12.5 0.98
15 7.0 0.60
20 4.5 0.54
25 2.0 0.33

>29.65 0.5 0.25

Another example of a terrestrial broadcasting system in which the minimum power flux-density at 
the fringe of the service area is assumed to be -7 8 .2  dB(W /m 2), can accept an interfering power
flux-density arriving from the least favourable direction in the horizontal plane not exceeding
—■124.2 dB(W /m 2). Such a value would enable feasible sharing over larger geographical areas than is
indicated for the example in Table VII.

Other examples are given in [CCIR, 1974-78g, h, i, j and k].

As a result of experiments with NTSC 525-line television signals in Japan [CCIR, 1978-82a] it was 
found that satellite broadcasting signals did not cause harmful interference to a 12 GHz AM-VSB 
terrestrial broadcasting system within its coverage area even with overlapping channels in the case where 
the PFD from the BSE satellite was —106 dB(W /m 2) at about 40° elevation, while the terrestrial service is 
assumed to have a maximum range corresponding to a PFD of — 70 dB(W /m 2).

5.1.3 Interference to the fixed  service from  the BSS

Interference to terrestrial radio-relay systems can result from broadcasting-satellite transmissions. 
The (power flux-density at the surface of the Earth produced by any space station in the broadcasting- 
satdllite service on the territory of other countries is limited to a value of the order of 
-1128 dB(W /(m 2 • 4 kHz)) independent o f the angle of arrival.

Under these conditions it is possible to formulate restrictions on the choice of a radio-relay 
path with which the associated interference power in the telephone channel of a reference 50 station 
radio-relay link does not exceed 1000 pW with the power flux-density at the surface of the Earth being 
— 138 dB(W /(m 2 • 4 kHz)) independent o f an angle of arrival.

The following approxim ation is used in the calculations:

> P =  P,n - w - i G i f i y s y  (7)

where,

W : permissible power flux-density at the surface of the Earth, assumed in this case to be equivalent to
-1 2 8  dB(W /(m 2 • 4 kHz));

P : interference power of the telephone channel (W);

P,„ : thermal noise in the telephone channel assumed to be 20 pW ;

* Care must be taken to use consistent units in the calculations.
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G(0) : radio-relay receiving antenna gain in the direction of the interfering signal arriving from a space 
station:

10 log G(0) =  35 -  '25 log (6)

5, = 4nkTB/X2  ̂ .

k = 1.38 x 10~:3 

A. =  2.5 cm 

r  = 890 K 

5 = 4  kHz.

As the calculations show, with the assumptions adopted, the associated interference power does not 
exceed 1000 pW if, for example, the direction of one radio-relay receiving antenna differs from that to the 
interfering space station by 3° and the directions of other antennas differ from the direction to interfering 
space stations by 16°, or if the directions of all antennas differ from the directions to interfering space 
stations by approximately 13°.

The limitations given can be realized both in low and high latitudes. It is also natural that 
restrictions on the choice of radio-relay paths are different in high and low latitudes.

5.1.3.1 Interference to a terrestrial radio-relay system carrying FDM-FM

As discussed in a study conducted in the United States [Akima, 1980] from which much of the 
material in this section is taken, many short-range FDM-FM telephony systems are in operation in the 
fixed service in this band in the United States.

Typical receiver bandwidths are 12 MHz and 20 MHz. In an FDM-FM telephony system, 
degradation of the system performance caused by an interfering signal depends on the power spectral 
density of the interfering signal as well as the total power of the interfering signal. Even if the total 
interfering signal power is so small that the wanted FDM-FM system continues to operate above its
threshold, some telephone channels may be degraded severely if the power spectral density of the
interfering signal is very high in these channels.

First, we will compare the total power of the interfering BSS signal with that of the noise. The total 
noise power is -1 2 3  dBW in a 12 MHz bandwidth, and -1 2 1  dBW in a 20 MHz bandwidth. These 
values are several decibels higher than —127 dBW, which is the interfering BSS signal power in the worst 
case given in Table VIII. This Table shows the maximum  value of BSS signal power at a fixed service
receiver for various values of off-axis angles and for several different receiving antenna diameters. Values
given in this Table have been derived using the reference antenna pattern given in Report 614 and an 
assumed Region 2 PFD of —102 dB(W /m 2) for not less than 99% of the worst month. Typical interfering 
powers will be assumed as 3.8 dB lower. These maximum values are based on the variation in PFD from 
one BSS service area to another observed in the WARC-BS-77 Plan for Regions 1 and 3. Such variations 
are probably typical of those to be found in such allotment plans. The total power of noise plus interfering 
signal is only one decibel higher, at most, than the noise power alone in this case. Therefore, the operation 
of the wanted FDM-FM system should remain above the threshold in all cases if the system is designed 
with a reasonable margin in S /N .

TABLE VIII — Maximum value o f  the B SS  signal power a t an F S receiver 
(9 denotes the off-axis angle, and D denotes the F S  receiving antenna diameter) 

(A receiver noise figure o f 10 dB is assumed.)

9
(degrees)

Signal power (dBW)

D  = 0.6 m 1.0 1.5 2.0 > 2 .4 1

20 -1 3 4 .5 -  136.7 -1 3 8 .4 -1 3 9 .7  . -1 4 0 .0
15 -1 3 1 .4 -  133.6 -135 .3 -1 3 6 .6 -1 3 7 .4
10 -1 2 7 .0 -  129.2 -  130.9 -1 3 2 .2 -1 3 3 .0
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Next, we will compare the power spectral density of the interfering signal with that of noise. The 
WARC-BS-77 specified that energy dispersal which corresponds to a peak-to-peak deviation of 600 kHz be 
employed by broadcasting satellites in the Geneva Plan for Regions 1 and 3. The WARC ORB-85, in 
incorporating the RARC SAT-83 Plan for Region 2, required the use of energy dispersal as discussed in 
§ 5.1.1. Thus, we will assume as a worst case that the entire power of the BSS signal is contained in a 
600 kHz bandwidth.

The noise power in a 600 kHz bandwidth is estimated to be —134 + 10 log 0.6 =  —136.2 dBW 
including a 10 dB contribution from receiver noise. Since this value is about the same order as the values 
of the BSS signal power given in Table VIII, the effect of the interfering BSS signal is not considered 
negligible. The post-demodulation baseband noise power in a telephone channel is 3 dB higher with the 
noise plus interference, than with the noise alone if the power spectral density of the interfering signal is 
equal to that of the noise. Tables IX and X show the increases in the baseband noise power caused by the 
interfering BSS signal, calculated with Table VIII. These tables show the relations among: the off-axis 
angle of the BSS satellite from the main beam of the FS receiving antenna, the FS receiving antenna 
diameter, and the required system margin against the interference in the design of the FS system. In the 
worst case of 0 =  10° and D = 0.6 m considered in Table X a margin of 10 dB is required. The required 
system margin decreases as the off-axis angle an d /o r the antenna diameter increases. In the receiving site 
where the elevation angle of the BSS satellite is 20°, the required system margin is less than 4 dB 
regardless of the antenna diameter. When the antenna diameter is equal to or greater than 2.4 m, the 
required system margin is less than 5 dB even if the angle of elevation is 10°.

TABLE IX -  Increase in the baseband noise power due to the interfering BSS signal 
(Typical values o f  BSS signal power, 3.8 dB below those shown in Table VIII have been used. 

9 denotes the off-axis angle, and D  denotes the diameter o f  the FS receiving antenna.)

9
(degrees)

Increase in baseband noise power (dB)

D  = 0.6 m 1.0 1.5 2.0 > 2 .41

20 2.1 1.4 1.0 0.7 0.7
15 3.5 2.4 1.8 1.4 1.2
10 6.5 4.9 3.8 3.1 , 2.7

TABLE X -  Increase in the baseband noise power due to the interfering BSS signal 
(Maximum values o f  BSS signal pow er shown in Table VIII are used.

9 denotes the off-axis angle, and D  denotes the diameter o f  the FS receiving antenna.)

0
(degrees)

Increase in baseband noise power (dB)

D  = 0.6 m 1.0 1.5 2.0 > 2 .4 1

20 3.9 2.8 2.0 1.6 1.5
15 • 5.3 4.5 3.5 2.8 2.5
10 9.3 7.8 6.4 5.5 4.9
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An FM-TV relay system of a small number of hops (not more than five hops) is considered as an 
FS system in this band. The channel bandwidth considered in this system is 27 MHz. (The FS system 
considered in the preceding section is used also to transmit an FM-TV signal in the USA.) Consideration 
of interference to an FM-TV system is essentially the same as that of interference to an FDM -FM  
telephony system in that both the total power and the power spectral density of the interfering signal must 
be considered.

Insofar as the total interfering signal power is concerned, the discussion of the FDM-FM telephony 
system given in the preceding section also applies. Even with the interfering signal, the system remains 
operating above its threshold.

Since the power spectrum of the BSS signal is considered to be uniform in a 600 kHz bandwidth 
for the purpose of interference analysis, the discussion of the interference to the FDM-FM telephone 
system given in the preceding section also applies to the interference to an FM-TV system. The interfering 
BSS signal causes the baseband noise power spectral density in the victim FM-TV system to increase in a 
part of the baseband by the ratio given in Tables IX and X. If the system margin is greater than this ratio, 
the interference is considered tolerable.

5.1.3.2 In terference to a rad io-relay  system  carrying F M -T V

5.1.3.3 Interference to radio-relav systems carrying AM-V SB TV

The conditions for protection of TV radio-relay using AM-VSB against interference from 
broadcasting satellites are given in Report 789. The maximum allowable interfering power flux-density 
should not exceed:

— 134 dB(W /(m 2 • 5 MHz)) for angle of arrival 8 =  0° (8)

— 134 + 10.5 + 25 log (9/0o) for 9 > 90/2  for receiver
antenna gains of 40.5 dBi (9)

The CPM for the RARC SAT-83 proposed that within the main beam of the radio-relay antenna a 
PFD of:

-  134 + 12 (0 /0o)2 (dB(W /(m2 • 5 MHz))) for 0 <  0 <  0o/2  (10)

(where 0O is the half-power beamwidth of the receiving antenna), would be appropriate to protect
radio-relay systems with the specific characteristics assumed in Report 789 and using AM-VSB.

At present, there is no standard method for determining the PFD in a band as wide as 5 MHz, the 
reference bandwidth of concern to the terrestrial broadcasting service (using AM-VSB) and TV radio-relay 
using AM-VSB. A worst-case assumption would include the entire BSS satellite power in a 5 MHz band. 
Power extrapolation methods are commonly used to derive this measurement. However, some standard 
methods should be developed and adopted.

It is expected that the wide geographical separation between the Region 2 and the Regions 1 and 3
service areas will in most situations create favourable coexistence of the FS and BSS services.

As an example, the PFD values in a 4 kHz bandwidth produced in Region 1 territory of Senegal 
from a satellite positioned to serve the most easterly parts of Region 2 (i.e 65° W to 95° W serving Brazil) 
are found to be in compliance with the limits of Annex 5 of Appendix 30 of the Radio Regulations, 1982, 
by more than 16 dB. Similarly, for satellites restricted to orbital positions east of 85° W, protection of 
the AM-VSB broadcasting service in Senegal is also provided. Between 85° W and 95° W, the use of 
shaped beams and the higher attenuation which can be expected for lower angles o f arrival could also lead 
to compliance. It is noted that BSS satellite positions west of 86° W covering the north-east part of Brazil 
would probably be avoided since the low elevation angle of receiving earth stations would lead to large 
values of rainfall attenuation.

However, the most westerly positioned Region 2 BSS satellites would be more likely to cause 
interference to the fixed-service systems in the eastern part of Region 1.
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For example, Fig. 9 shows the PFD values which would be produced in the most eastern part of 
Region 1, i.e. on USSR territory by a Region 2 BSS satellite positioned at 175° W to serve Alaska with 
a 3° x 1° elliptical beam antenna on the satellite using the WARC-BS-77 satellite transmitting reference 
pattern.

a O O O O o O a o
1 0 0  1 2 0  1 4 0  1 6 0  1 8 0  - 1 6 0  - 1 4 0  - 1 2 0  - 1 0 0

FIGURE 9 -  PFD contours o f  a Region 2 BSS satellite positioned a t 175° W (3° X 2° elliptical beam antenna)

There is an area (shaded in Fig. 9) where the PFD limits given in equations (8), (9) and (10) for 
radio-relay links carrying AM-VSB signals would be exceeded.

The conclusions of the CPM for the RARC SAT-83 on the possibilities of improving sharing and 
th',;ir impact are summarized in Table XI.
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TABLE XI — Possibilities fo r  improving inter-regional sharing and their impact

533

Possibilities for im proving sharing Im pact

1 Reduce BSS satellite e.i.r.p. Larger g round receiver an ten n a  requ ired ; 
individual reception  m ay no t be possible

2 R educe coverage by use o f  sm all area beam s Entire popu la tion  o f  desired  service areas m ay not 
be served

3 Use ind iv idual reception only in highly po p u la ted  
areas well away from  regional interface

W ould require com m unity  reception  in o ther parts 
o f the desired service area

4 Beam shap ing  o f  satellite transm itting  an tenna M ore uniform  P F D  in service area  and  less 
outside

5 R elocate satellite position This m ay increase an ten n a  d isc rim ination  at FS 
receivers in po ten tia l in terference areas

6 Assign only certain  frequency segm ents to BSS on 
one side o f  the regional interface and  assign (or 
reassign) o ther frequencies to  FS system s on the 
o ther side o f  the interface

Requires ITU  or b ila tera l coo rd ination  bu t 
elim inates all in terference considera tions

7 Use satellite polarization  o rthogonal to FS receive 
an tenna

W ith the use o f  c ircu lar po lariza tion  fo r the BSS 
and  linear po lariza tion  fo r the FS, up  to 3 dB o f 
discrim ination  can be expected

8 Better fixed-service receive an ten n a  pattern Reduced coupling  to  BSS transm issions

9 A voidance o f orb it by FS receiving an tenna As m uch as 40 dB o f  d isc rim ination  can  be 
obtained

10 Energy dispersal Effective in sp read ing  in terference over th e  
reference bandw id th  o f  the  interfered-w ith signal. 
For a  reference b an d w id th  o f  4 kH z, 22 dB o f 
dispersal can  be ob ta in ed  with 600 kH z o f  
spreading ( ')

( ')  This is not effective in p rotecting  a 5 M H z AM -VSB signal.

Gaseous absorption can be a significant factor in reducing interference on satellite terrestrial paths 
where frequencies above 10 GHz are used and the signal arrives at the Earth with low elevation angles.

It can be concluded that sharing between the BSS and FS is generally feasible.’ There are some 
cases in which difficulties might arise. For these cases, technical solutions (beam shaping, antenna 
polarization discrimination, improvement in terrestrial antenna design, reduced satellite e.i.r.p., fixed- 
service pointing restrictions, frequency planning, reduced service areas) are possible, but bilateral or 
multilateral discussions among the administrations concerned may be necessary.
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Taking into account the assumptions used, results of studies and the analysis given in this section 
indicate that, with proper coordination, interference from the BSS to terrestrial fixed services will not be a 
serious problem.

5.2 Interference to the BSS from  terrestrial services

Typical values of e.i.r.p. for some terrestrial services which use or may use the band 11.7 to 12.5 GHz and 
which may cause interference to an earth-station receiver of the broadcasting-satellite service are indicated in 
Table XII.

5.1.3.4 S u m m a ry  regarding interference fro m  the B S S  to the  f ix e d  service

TABLE X II -  Examples fo r  e.i.r.p. o f  transmitters 
in the 12 GHz band

Service e.i.r.p . (dBW)

Line of sight radio-relay links:

Telephony 36

Television programme distribution 41

Television multi-channel 23.5 to  46

Broadcasting:

Amplitude-modulation 23.5 to 38

Frequency-modulation 26

Frequency-modulation (satellite system) 67.5

Equation (1) is also applicable for the case of protection for the satellite system provided that the factors 
are changed as necessary to represent the appropriate parameters o f the satellite system.

Where the appropriate protection ratio is unknown an alternative approach may be used for the 
determination of the maximum interfering power flux-density at the earth station receiver, based on the effective 
receiver input noise power. If the maximum acceptable level of interference is limited to 10% of the effective 
receiver input noise power, then even under conditions of a severe fade of the wanted signal, the interference will 
not further degrade the output signal-to-noise ratio of the receiver, provided that the fade does not cause the 
wanted signal to fall below the carrier threshold level.

If the protection ratios are known, similar curves to those given in Fig. 8 can be drawn. An example for a 
625-line system is given in Fig. 10 and is based on a power flux-density of —103 dB(W /m 2) and a single-entry 
protection ratio of 35 dB against frequency-modulation interfering signals for reception in the broadcasting- 
satellite service. From Fig. 10 the maximum tolerable interfering power flux-densities can be determined 
depending on the elevation angle of the earth station receiving antenna and the difference in azimuth of the 
directions of the satellite and the interfering signal. (These values of PFD are specified by the WARC-BS-77 for 
Regions 1 and 3.)

It should be noted that the expression Dj  =  8.5 4- 25 log (tp/tpo) dB for the antenna discrimination 
represents the envelope of the maxima of the antenna side-lobes and thus the minimum discrimination (see 
Report 810, Fig. 2).

If it is assumed that the mean discrimination at an angle is some 3 dB greater than the minimum 
discrimination at that angle, then it can be stated that, for example, in 90% of locations the interfering signal 
strength will not exceed a level 1.7 dB below the maximum permitted.

When the maximum acceptable power flux-density for any particular direction at the earth-station receiver 
has been determined from Fig. 10, then the separating distance required between an outside broadcasting link and 
the earth-station receiver may be determined from Fig. 11.
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A ngle <p (degrees)

FIGURE 10- Acceptable interfering powerflux-density from a terrestrial transmitter not to be 
exceeded for 99% of the time at an earth receiver (individual reception) for the example given

in § 5 . 2
(T he angle o f  e levation  o f  the  sa tellite  is show n as a param eter)

<p: D ifference in az im u th  b e tw een  the  d irec tions o f  th e  sa tellite  an d  th e  in te rfe rin g  signal. 
E arth -receive a n te n n a  m ax im um  off-beam  gain : see R eport 810, Fig. 2, curve A, 
w h e re : <p0 : A n ten n a  3 dB b eam w id th

= 2.0° (for indiv idual recep tion  in R egion 3) from  Final A cts W ARC-BS-77
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Distance from transmitter to earth receiver (km)

FIGURE 11 -  Required separation distance to protect an 
earth receiver from terrestrial transmitters

(based on propagation curves for 50% of locations and 
1% of time)

Power flux-density produced by:
A: Outside broadcast transmitter (e.i.r.p.: 34 dBW)
B : Amplitude-modulation television terrestrial broadcasting 

(e.Lr.p.: 38 dBW; transmitting antenna 75 m above the 
ground)

C : Frequency-modulation television terrestrial broadcast­
ing (26 dBW; transmitting antenna 75 m above the 
ground)

Figure 11 also gives the separation distances required for a given value of power flux-density between 
an earth station receiver and transmitters of an amplitude-modulation terrestrial broadcast and a frequency- 
modulation terrestrial broadcast. The Schmeller and Ulonska propagation curve for 50% of locations and 1% of 
the time [Goes et al., 1968] has been used in the preparation of Fig. 11.

To protect a higher percentage of locations for the broadcasting-satellite service, which might be necessary 
because of the uniform distribution o f the wanted power flux-density in the service area, a correction to the 
maximum acceptable interfering power flux-density should be applied similar to that given in Fig. 12 of 
Recommendation 370.

The value of Af,, the margin for possible multiple interference entries, depends on the number and type of 
possible interferers. In the band 12.2 to 12.7 GHz, interference to the BSS may be caused by other BSS 
transmitters, by satellite transmitters in the FSS, and by fixed, mobile and broadcasting transmitters. Further work 
is required to determine how the total allowable interference should be allocated.
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It is evident from Fig. 11 that, for large areas, frequency sharing within a given broadcasting-satellite 
service area would best be accomplished over an appreciable portion of that area if the terrestrial service operated 
in portions of the band not used by the broadcasting-satellite service within that service area as suggested in 
[CCIR, 1974-781]. Experimental work in Japan for the case of an AM-VSB terrestrial broadcasting service has 
given an example of frequency separation that would provide a useful degree of protection [CCIR, 1978-82a 
and b]. The satellite signal receiver employed a mixer input stage [Konishi, 1980] and an IF bandwidth of about 
25 MHz. In one example, reception was free of interference when the satellite (BSE) transmission was separated 
by 16 MHz (band-edge to band-edge) from the nearest of a series of seven AM-VSB transmissions in alternate 
6 MHz channels, and the ratio of wanted signal to interfering signal was 0 dB at the receiver input. It appeared 
from further experiments in the laboratory that intermodulation in the receiver was not a primary limitation. 
Further measurements are required with a range of typical receivers to provide better selectivity data. From this, 
guidance on the frequency separation required to protect satellite broadcast reception could be deduced, taking 
into account the antenna directivity, the signal characteristics and the levels of signal that would apply in practical 
cases. -

5.2.1 Interference from  the fixed  service to the BSS

The subject of interference from the fixed service to broadcasting satellite receivers, including a 
method of determining, in general, the interfering power flux-density at the edge of a BSS service area, is 
contained in Annex 3 to Appendix 30 to the Radio Regulations.

This section considers interference arising specifically from typical fixed service transmitters in 
operation in the United States and calculates the required separation distances to permit operation of 
broadcasting-satellite receivers without harmful interference.

Interference from the fixed to the broadcasting-satellite service (i.e. from fixed service transmitter to 
broadcasting-satellite receiver) is not uniform in a service area of the BSS, depending on the receiver 
location relative to the location and main-beam direction of the fixed station transmitting antenna.

The maximum permissible interfering signal power depends on the wanted BSS signal power and 
the required protection ratio.

First, determine the wanted signal power. The PFD to be exceeded for 99% of the worst month at 
the edge of the service area was specified by the WARC-BS-77 as —105 dB(W /m 2) as an interim value in 
Region 2. The received power can be determined using the effective area of the BSS receiving antenna.

For individual reception in Region 2, the receiving antenna half-power beamwidth is specified as
1.8°. This corresponds to a main-beam gain of 39.3 dBi. At 12 GHz, this requires an effective aperture of
0.4m2 (i.e. an actual diameter of about 1 m for circular, parabolic antennas with efficiencies of 55%).

Thus, the wanted signal at the input to the BSS receiver, at the edge of the service area is:

-  105 dB(W /m 2) - 4  dB(m2) =  -1 0 9  dBW

Annex 6 to Appendix 30 to the Radio Regulations (ORB-85) specifies the required co-channel 
protection ratio as 35 dB (single-entry) decreasing linearly to 0 dB for interfering signals 35 MHz away 
from the desired signal. Therefore, the protection ratio is reduced to 22.1 dB when the interfering signal is 
at the centre of the adjacent BSS channel (i.e. 19.18 MHz away), and 0 dB when the interfering signal is 
two or more channels (38.4 MHz) away. Thus, only co-channel and the next adjacent channel interference 
need be considered.

Maximum permissible interfering signal powers then become:

— 109 dBW — 35 dB =  — 144 dBW, co-channel, and

-1 0 9  dBW -22 .1  dB = -131.1 dBW, adjacent channel.

The interfering signal power depends on the interfering transm itter power, transm itting antenna 
gain in the direction of the BSS receiver, propagation loss and the BSS receiving antenna gain in the 
direction of the interfering fixed transmitter.
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Transmitter power varies from system to system. (When the interfering signal bandwidth is wider 
than the BSS receiver bandwidth, only the power in the latter’s bandwidth need be considered.)

Reference radiation patterns for circular antennas used in fixed radio-relay systems are given in 
Report 614. On-axis gain is a function of D / k and the side-lobe envelope pattern is a function of D /X  
and <p, where D is the antenna diameter, k  is the wavelength, and <p is the off-axis angle. Gain in the far 
side lobes is assumed to fall to isotropic (0 dBi). The close-in side-lobe envelope pattern given in 
Report 614 is applicable between the first side lobe and the point where the gain has fallen to isotropic. 
For simplicity, assume that the gain near the main lobe (expressed in dB) is parabolic with respect to the 
off-axis angle down to the first side-lobe gain, constant at the gain of the first side lobe out to the angle 
where the gain would be isotropic, and isotropic everywhere else. This is a conservative simplifying 
assumption, because the actual gain will be equal to, or less than, the values assumed.

The relationship between propagation loss, path length and type of path is also given in 
Appendix 30 to the Radio Regulations. Here, we assume all paths are over land.

The reference pattern for the BSS receiving antenna in Region 2 is given in the form of off-axis 
gain relative to the on-axis gain (39.3 dB). Thus, the gain at off-axis angles of 10, 15, 20 and 27 degrees is
12.2 dB, 7.8 dB, 4.7 dB and 0 dB, respectively.

With these relations, the interfering signal power can be calculated, or the required separation 
distances can be determined. For each interfering transmitter, plot the minimum distance between the two 
locations against the off-axis angle of the interfering transmitter antenna with the location of the interferer 
at the origin. The resulting curve is the distance contour where the received, interfering signal reaches the 
permissible limit. The area inside the contour will have signals above the limit. Figure 12 is an example of 
such contours. These curves have been plotted for a typical US terrestrial system with a 1 W transmitter 
and a 1.8 m diameter antenna. Figure 12a) shows the co-channel case, and Fig. 126) shows the case of 
adjacent-channel interference.

In Figs. 12a) and 126), the outer contours are for the worst case, in which elevation angles of the 
BSS receiving antennas are 15°. The inner contours describe a more favourable case in which the BSS 
elevation angles are above 27°, where the gain has fallen to isotropic. (The difference between the inner 
and outer contours can be interpreted as representing the effect of the discrimination of the BSS receiving 
antenna.)

Each contour has a sharp peak in the on-axis direction of the interfering antenna, while it is a 
circular arc for angles well outside the main beam. Distances corresponding to these two regions are 
shown in Tables XIII and XIV for both co-channel and adjacent-channel cases, for both the 1 W system 
shown in Fig. 12, and for a lower e.i.r.p. system (type “B”) employing a 10 mW ( - 2 0  dBW) transmitter 
and a 0.6 m diameter antenna.

TA BLE X ffl -  Minimum separation distances necessary in the case of 
co-channel interference from FS to BSS

FS system 
(typical of 
US usage)

A ntenna
diameter

(m)

Transm itter
power
(dBW)

Distance (km)

W orst case Most favourable case

On-axis Distant On-axis Distant

Type “A” 1.8 Typical 0.0 254.0 100.0 220.4 53.1
Max. 10.0 297.0 104.1 263.4 100.0

Type “ B” 0.6 Typical -2 0 .0 126.8 13.0 100.0 5.3
Max. - 3 .0 200.0 92.2 166.4 37.6
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a) Co-channel interference

FIGURE 12 — Contours on which the received interfering FS signal power is equal to its maximum permissible
limits for a 1 W  (0 dBW) US fixed-service system

BSS earth station elevation angle, 0 : 
A: 0 = 15° (outer contour)
B : 8 = 27° (inner contour)
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TABLE X IV  -  Minimum separation distances necessary in the case o f  
adjacent-channei interference from  FS to BSS

FS system 
(typical of 
US usage)

Antenna
diameter

(m)

Transm itter
power
(dBW)

Distance (km)

W orst case Most favourable case

On-axis Distant On-axis Distant

Type “ A” 1.8 Typical 0.0 198.4 29.5 164.9 12.0
Max. 10.0 241.5 93.3 207.9 38.0

Type “ B” 0.6 Typical -2 0 .0 100.0 3.0 69.8 1.2
Max. - 3 .0 144.5 20.9 110.9 8.5

5.2.2 Summary concerning interference from  terrestrial services to the BSS

From the analyses shown here and the studies quoted, it can be seen that interference from Fixed 
services to broadcasting-satellite earth stations will be a serious problem.

The two services can share the same frequencies (in accordance with the limits of harmful 
interference set forth in Appendix 30 to the Radio Regulations) by keeping terrestrial transmitters a 
sufficient distance from the service area of a broadcasting-satellite beam.

Such sharing can be accomplished by using some of the frequencies in a given geographic area for 
the broadcasting-satellite service, and the remainder of the frequencies in the band for terrestrial services.

5.3 Effects o f propagation

In making calculations of interference, the effects of propagation should be taken into account using the 
latest relevant methods of the CCIR. In particular, the effects of atmospheric absorption due to oxygen and water 
vapour should be included. Appendix 30 of the Radio Regulations and the Final Acts of the RARC SAT-83, 
Part I, in their respective Annexes (concerning modifications to the respective Plans) provide the PFD levels from 
the BSS in one region into the other which would trigger coordination with respect to the fixed service. Also 
Annex 5 of Appendix 30 of the Radio Regulations (1982) sets forth the PFD levels for the protection of terrestrial 
services in Regions 1 and 3 from the BSS and FSS in Region 2. The Regional Administrative Radio Conference, 
RARC SAT-83, adopted in principle the use of atmospheric absorption in calculations for determining whether 
the specified coordination criteria and PFD limitations are met. Also, Resolution No. 9 of the RARC SAT-83 is 
directed towards the adoption of the use of atmospheric absorption in all intraregional and inter-regional 
coordination. The calculations in the directions from Regions 1 and 3 to Region 2 are based on the use of 
atmospheric absorption. Resolution No. 9 is directed, inter alia, towards the use of atmospheric absorption in the 
reverse direction as well.

Report 719 discusses the phenom enon of atmospheric absorption arid how it can be modelled. At 12 GHz, 
atmospheric absorption for angles of arrival, 0, and water vapour density at the receiving station, p(gm /m 3), is 
given by: .

A a =  (7.226 x 10- 3 +  12.75 p x 10“ 4) R 0 dB for 0 ^ 0°

0.1156
+

0.00511 p

A n =

sin 0 -|- j/sin2 0 +  0.0019 sin 0 +  ^sin2 0 +  0.0005

0.0578 +  25.502 p x 10~4 
sin 0

for 0° < 0 <  10°

for 0 >  10°

where:

Ro : horizontal path distance (0 =* 0°).
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Figure 13 gives the atmospheric absorption for low elevation angles for three values of p: 2, 7.5 and
11.1 gm /m 3. The first represents winter conditions in the higher latitude land masses and the second represents 
summer conditions (Figs. 9 and 10 pf Report 563), and the last represents a global average, as used in Report 719. 
Note that in general, values of p =  25 to 30 gm /m 3 can be encountered.

FIGURE 13 -  Atm ospheric attenuation (Aa) versus elevation angle 6

Curves A: p = 2.0 g /m 3 

B: fi = 7.5 g/m 3 

C: p = 11.1 g /m 3 

p denotes water vapour density

Report 719 indicates that for completely dry atmospheres, about 2 dB o f attenuation will be present on 
12 GHz space-Earth paths at near zero angle of arrival and about 3 dB on 22 GHz paths. With significant 
amounts o f water vapour present, as is the case during most of the year, the atmospheric absorption at 22 GHz 
would be very large.
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Above 10 GHz, Earth-space and space-Earth paths at nearly horizontal incidence will experience 
significant attenuation due to the presence of gases in the atmosphere.

Even in completely dry atmospheres at least 2 dB can be expected at 12 GHz due to oxygen alone.
At 22 GHz at least 3 dB can be expected.

The presence of this attenuation was not taken into account in the establishment of inter-regional 
and inter-service limits on power flux-density.

Therefore, this attenuation can safely be taken into account in the determination of the levels of 
interfering signals to be expected on space-Earth paths around 12 GHz and 22 GHz.

The amount of attenuation to be expected should be determined using the current version of
Report 719.

5.3.1 Conclusions on atmospheric absorption on nearly horizontal paths .

6. Sharing in bands above 12.75 GHz

The WARC-79 allocated three frequency bands above 12.75 GHz to the broadcasting-satellite service: 22.5 
to 23, 40.5 to 42.5 and 84 to 86 GHz. In the band 40.5 to 42.5 GHz, the broadcasting-satellite service is the only 
primary allocation and therefore frequency-sharing from the BSS viewpoint is not necessary. In the band 84 to 
86 GHz, the BSS, fixed, mobile and broadcasting services are all allocated on a primary basis. However, footnote 
No. 907 of the Radio Regulations applying to this band, states that stations in these other services “shall not cause 
harmful interference to broadcasting-satellite stations operating in accordance with the decisions of the appro­
priate frequency assignment planning conference for the broadcasting-satellite service”. This footnote, plus lack of 
detailed information concerning the technical characteristics of systems which may operate in this band make it 
difficult to set forth a detailed sharing analysis for this portion of the spectrum.

6.1 Sharing in the band 22.5 to 23' GHz between the B SS and other services

6.1.1 Interference between the broadcasting-satellite service and the inter-satellite service 

Interference between the BSS and the ISS is treated in Report 951.

6.1.2 Sharing between broadcasting-satellite and fixed  services

6.1.2.1 Characteristics o f  the terrestrial fixed  system

In North America, the band 22.5-23.0 GHz has not yet been extensively used by the fixed service. 
Typical applications of systems operating in this band fall mainly into two categories, namely, the 
provision of:

— low capacity telephony circuits such as PABX central office connections. Typical system capacities are 
24/48 voice circuits employing digital transmission techniques;

— video links such as remote surveillance, electronic news gathering (ENG) pick-ups, etc. employing 
analogue transmission techniques (amplitude modulation). System lengths are typically a few 
kilometres.

A typical terrestrial radio system could exhibit the following characteristics:

Frequency (GHz) 22.4-23.0
Transmit power (mW) 100
Antenna gain (dBi) 34-40
Antenna beamwidth (degrees) 2-3
Receiver noise figure (dB) 8.0
RF bandwidth
(channel spacing) (MHz) 50
M odulation: digital (AM /FSK) voice/data

analogue (FM) video
System length (km) 0.5-8

6.1.2.2 B SS transmission system characteristics

The type of broadcasting-satellite service considered here is high definition television (HDTV). It is 
still in the development stage, thus there are no established transmission standards defining signal format, 
modulation and system performance requirements.
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However, Report 1075 considers the transmission aspects of HDTV by satellite with Table II of the 
Report containing examples of analogue and digital HDTV systems using the 22.5-23.0 GHz band. 
Table XV lists certain of the parameters that are pertinent to sharing.

'TABLE XV -  Examples o f  possible H D TV  system s using 22.5-23.0 GHz band  

(from Table II of Report 1075)

Parameter Analogue Digital

Type of modulation FM-TDM DPCM

RF bandwidth (MHz) 60 195

PFD (at edge of service area) (dB(W /m2)) -104 .7 -9 3 .2

Rain attenuation (99°/o of the worst month) 
(dB) 4.5 ' 4.5

BSS receiver antenna diameter (m) 2.5 0.62

Satellite e.i.r.p. (boresight) (dBW) 66.3 78.0

The analogue HDTV example with its larger TVRO antenna size and lower satellite power 
requirement could be used for community reception applications whereas the digital HDTV example, 
which assumes a small antenna, could correspond to individual reception systems which would be further 
into the future due to present technological constraints.

These two system examples along with the parameters assumed for the terrestrial radio systems 
given in § 6.1.2.1 will be used to determine coordination distances required with respect to a BSS receiving 
location.

6.1.2.3 Coordination areas fo r  a BSS receiving location

An indication of the feasibility of sharing on a geographical basis between the BSS and FS can be 
obtained by determining the coordination area required around a BSS receiving location. (For the case of 
community reception the coordination distance can be considered with respect to a particular BSS 
receiving location whereas for direct reception, the coordination distance should be considered with respect 
to the edge of the service area.)

The coordination area provides a conservative estimate o f the separation distance required since 
worst-case assumptions are used to generate the contours. Factors that could alleviate the interference such
as:

-  off-axis discrimination of the terrestrial transmitting antenna,

-  site shielding from natural terrain and local buildings,

are not considered. Furthermore, worst-case propagation parameters are used.

The method of generating the coordination contours is given in Appendix 28 of the Radio 
Regulations. The path loss between the interfering transm it station and the BSS receiving location that 
must be exceeded for p% of the time, L(p%),  can be expressed as:

L(p%)  = P, — Pr(p%)  (11)

where:

P , : boresight e.i.r.p. of the interfering transmit station,

Pr(p%) : permissible level o f interfering power at the input to the BSS receiver not to be exceeded for
p% of the time.

Pr(p%)  is related to the wanted signal level, P„(p%),  and the desired protection ratio, R, by the 
following:

Pr(p%)  =  PW(P%) -  R (12)
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Using the values for the system parameters given in § 6.1.2.1 and 6.1.2.2, the required path loss is 
given by the following:

Lp =  R -  PFDw{p%) -  £(<p) +  78.5 (13)

where:

PFDw( p %) : power flux-density of wanted signal at BSS receiver exceeded for p% of the time,

£>(cp) : BSS receiver antenna discrimination at an off-axis angle of <p degrees.

In the determination of path loss, the following assumptions were made:
— for coordination distances greater than 100 km, mode 1 propagation (i.e. great circle) was used;
— for distances less than 100 km, line-of-sight propagation was used;
— single climatic zone (Zone A2) assumed;
— horizon elevation factor of 0 dB (worst case);
— water vapour density: 1 g /m 3;
— frequency of 22.5 GHz;
— percentage of time: p  =  0.29% (equivalent to 1% of the worst month).

In developing the coordination contours for both analogue and digital BSS systems two situations 
were considered, namely:

Case A assumptions: (best case)

— interfering signal attenuated by rain in the same am ount as the wanted signal;

— BSS receiver located at centre of service area.

Case B assumptions: (worst case)

— interfering signal not attenuated by rain;

— BSS receiver located at edge of service area.

6.1.2.4 Coordination area fo r  analogue H D TV  BSS

B SS receive antenna characteristics

For the antenna diameter of 2.5 m (D /X  > 100), assumed for this case, the off-axis co-polar gain is 
given by the following (Appendix 28 of the Radio Regulations):

G(<P) =

53.2 -  89.9 <p2 
36.1
32.0 -  25 log (<p) 
- 1 0

dBi

for 0 < <P < 0.44
for 0.44 < <P < 0.686
for 0.686 < <P < 48.0
for <P > 48.0

where (p is the off-axis angle in degrees.

Protection ratio required

As no data are available on protection ratio requirements for HDTV, data pertaining to conven­
tional TV systems were assumed to be applicable. Based on data contained in Annex I to Report 634, the 
following protection ratios would appear to be appropriate:

Type o f  interference Protection ratio

Coherent (e.g. AM-VSB TV) 35 dB
Non-coherent (e.g. digital) 25 dB

Figure 14 shows the coordination areas for both best case (case A) and worst case (case B)
assumptions and for coherent and non-coherent interference. Table XVI summarizes the upper and lower
limits for the coordination distances.

Although maximum coordination distances, which correspond to directions near the boresight, are 
quite large, these values correspond to a 0° elevation angle. For practical elevation angles of 10° or more 
these distances reduce to 100 km or less.
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Worst-case assumptions (case B) 

Best-case assumptions (case A)

(0° azim uth)

80 * -

FIGURE 14 -  Coordination areas for analogue HDTV system s

■ " coherent interference (e.g. AM-VSB TV)

— — — non-coherent interference (e.g. digital telephony)

TA BLE XVI — Sum m ary o f  coordination distances (km) fo r  analogue H D T V

C oheren t N on-coheren t

M axim um M inim um M axim um M inim um

Best case 
(case A) 100 37 73.4 12.9

W orst case 
(case B) 197 75.6 168 28.9

6.1.2.5 Coordination areas fo r  digital H D TV

BSS receiving antenna characteristics

The antenna diameter assumed for digital HDTV is 0.62 m (D /X  <  100). Thus the co-polar 
off-axis gain is given by the following (Appendix 28 of the Radio Regulations):

G(q>) =

41.0 -  5.41 (p2
27.0
35.3 -  25 log (<p) 
-6 .7

dBi

for
for
for
for

0
1.61
2.15

<p <  

(p <

<p <

<P >

1.61
2.15

48.0
48.0
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Based on data for digitally-coded conventional television systems (System M /NTSC), the required 
protection ratio for “just perceptible” interference is approximately 25 dB (see Report 634, Annex I). This 
value of protection ratio is assumed for the digital HDTV case as well.

Multiple interferers ~

The necessary bandwidth for the digital HDTV system is large compared to bandwidths used by 
terrestrial systems (typically 50 MHz spacing between RF channels). Furthermore, since the interference 
will be noise-like (i.e. non-coherent), its impact on picture degradation is not expected to be dependent on 
the interfering carrier off-set (i.e. co-channel or non co-channel interference). Therefore to take into 
consideration the possibility of more than one interferer falling within the HDTV channel, a multiple 
exposure factor of 10 log (195/50) = 5.9 dB is assumed as a worst-case situation.

Figure 15 shows the coordination areas for the digital HDTV systems assuming best case (case A) 
and worst case (case B) scenarios and for single and multiple exposure factors. Table XVII summarizes the 
maximum and minimum coordination distances for all these cases.

Protection ra tio  requirem ent

FIGURE 15 -  Coordination areas for digital HDTV systems

■ ■ ' " m ultiple exposure factor: 5.9 dB

— — — m ultiple exposure factor: 0 dB

TA B LE X V II — Coordination distances fo r  digital H D T V  receivers

Single exposure M ultip le exposure

M axim um M inim um M axim um M inim um

Best case 
(case A) (km ) 123.4 19.7 140.7 36.4

W orst case 
(case B) (km ) 145.4 42.6 162.7 74.8
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As in the analogue HDTV case, the large values of coordination distances correspond to small 
off-axis angles an d /o r low elevation angles. For practical elevation angles of 10° or more the maximum 
coordination distance reduces to 100 km or less.

In comparison to the analogue HDTV case of Fig. 14, the coordination areas for digital HDTV lie 
between the worst-case (coherent) and best-case (non-coherent) analogue HDTV coordination areas.

6.1.2.6 Interference from  BSS into terrestrial systems

As an indication of the sensitivity of terrestrial radio to interference from BSS, the ratio of 
interfering power to noise power in an RF channel bandwidth at the receiver input is determined in 
Table XVIII below. The digital HDTV BSS case is assumed to be the worst case due to its high PFD level 
and the terrestrial radio system parameters used are considered typical for video transmission applica­
tions (AM-VSB TV transmission).

TA BLE X V III — Example o f  BSS interference into terrestrial 
radio-relay system s

R F b andw id th  o f  terrestrial channel (M H z) 

Receiver noise figure (dB)

Boresight a n ten n a  gain (dBi)

Noise pow er at receiver inp u t (kT B ) (dBW )

5

8

34

-1 2 7 .7

PFD  o f  H D TV  at boresight (clear air) (d B (W /m 2)) - 8 5 .7

Satellite transm itting  an ten n a  d isc rim ination  ( ')  
(dB) 12.7

B andw idth fac to r (2) (dB) 15.9

A tm ospheric a tten u a tio n  (clear air) (dB) 4.0

G ain  o f  1 m 2 (effective an ten n a  apertu re ) at 
22.5 G H z (dB) 48.5

In terference level a t receiver inp u t (dBW ) -1 3 2 .8

(In te rfe ren ce /n o ise ) ratio  (dB) - 5 .1

( ')  Assum es a m inim um  elevation  angle o f  20° at the edge  o f  the BSS 
coverage area  an d  a 1° satellite transm it an ten n a  beam w idth.

(2) For d ig ita l m odu la tion  the energy is assum ed to be sp read  un ifo rm ly  
over the to ta l bandw id th  o f  the H D TV  channel resulting in a reduction  
o f in terference pow er by 10 log (195/5) =  15.9 dB.

An a n a l y s i s  o f  i n t e r f e r e n c e  t o  a  t e r r e s t r i a l ,  m e d iu m -c a p a c i ty  sy s tem  
em ploying  U -phase DPSK m o d u la t io n  and c a p a b le  o f  p r o v i d i n g  up t o  672 v o ic e  c h a n n e ls  
f o r  each  RF c a r r i e r  was c a r r i e d  o u t .  A ssum ptions and sy s te m  c h a r a c t e r i s t i c s  a r e  
g iv e n  i n  Annex I I .

This a n a ly s is  in d ic a te s  th a t  a  minimum BER o f  1 x  1 0 can be 
met d u ring  median (c le a r-sk y )  c o n d itio n s  w ith  excess C /I m arg ins. The 
amount o f  excess m argin depends on th e  p a th  le n g th  o f  th e  d i g i t a l  system  
and the  type o f  HDTV BSS in te r f e r e n c e . Lower m argins can be expected  on 
th e  lo n g er p a th  le n g th s  (8 km) and from in te r f e r in g  s ig n a l  analogue HDTV 
s ig n a ls  w ith  p . f . d .  le v e ls  designed  fo r  in d iv id u a l re c e p tio n . However, 
th e se  excess C /I m argins imply th a t  no r e s t r i c t i o n s  in  terras o f  
t e r r e s t r i a l  re c e iv e  an tenna lo c a t io n  o r  o r b i t  avoidance i s  re q u ire d  w ith
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re sp e c t to  t h i s  mode o f  in te r f e r e n c e . These p o s i t iv e  margins a ls o  imply 
th a t  th e  assum ption o f th e  minimum e le v a tio n  ang le  a t  th e  edge o f  the  
BSS coverage a re a  ( i . e .  20°) cou ld  be re la x e d  and s t i l l  meet th e  
p ro te c tio n  c r i t e r i o n  fo r  a l l  b u t  th e  lo n g e s t p a th  le n g th s . The m argins 
w i l l  be even g re a te r  in  the  case o f  community re c e p tio n  fo r  HDTV BSS 
due to  th e  lower p . f . d .  le v e ls .

The e f f e c t  o f  in te r fe re n c e  on system  perform ance during  r a in  
fad ing  c o n d itio n s  w i l l  be to  reduce s l ig h t ly  th e  fade m argin to  the  
re ce iv e  BER th re sh o ld . Assuming th a t  th e  s a t e l l i t e  s ig n a l  w il l  a ls o  be 
faded by a t  l e a s t  th e  same amount as th e  t e r r e s t r i a l  s ig n a l ,  th e  
re d u c tio n  in  th e  p a th  fade  m argin w i l l  be le s s  th an  1 dB.

I t  shou ld  be n o ted , however, th a t  th e se  con c lu sio n s apply  only  
to  d i g i t a l  system s employing th i s  le v e l  and type o f  m odulation, and 
s im ila r  system  c h a r a c t e r i s t i c s .  For example, th e se  co n c lu sio n s may n o t 
apply to  system s c u r r e n t ly  b e in g  deployed and under development u s in g ”a 
h ig h er le v e l  o f  m odulation  such as 64 QAM, which i s  more s e n s i t iv e  to  
in te r fe re n c e , o r  employing s e c to r i a l  re c e iv in g  an tennas in  which case  
th e  r a in  fad es  a long  th e  two p a th s  may n o t be f u l ly  c o r re la te d .

6.1.2.7 Summary and conclusions

The feasibility of sharing between the BSS and FS has been examined, and the following
conclusions may be drawn:
-  analysis of coordination distances for the analogue HDTV BSS case (community reception) indicates 

that, for elevation angles greater than approximately 10° the maximum coordination distance lies 
between 73 and 100 km corresponding to azimuths near the boresight direction, and minimum 
coordination distances between 13 and 37 km for azimuths corresponding to the back lobe of the 
receiving antenna;

-  coordination distances for the digital HDTV case (individual reception case) fall within the maximum 
and minimum coordination contours for the analogue HDTV case;

— considering the relatively smaller coordination areas required for this band, sharing on a geographical 
basis will be somewhat easier than in the 12 GHz band;

— the analysis of interference into terrestrial radio-relay systems from the broadcasting satellite given in 
§ 6.1.2.6 indicates that, under worst-case assumptions, an ( I / N ) ratio of -5 .1  dB would result. 
Further study is needed to determine if this margin is adequate for the types of terrestrial services 
envisaged for this band.

6 .2  S h a r i n g  b e tw e e n  r a d i o a s t r o n o m v  a n d  t h e  BSS i n  t h e  r e g i o n  o f  22 GHz*

R a d io a s t r o n o m y  (RA) h a s  a n  i n t e r e s t  i n  s e v e r a l  b a n d s  a r o u n d  22 GHz:

2 2 .0 1  t o  2 2 .2 1  GHz 
2 2 .2 1  t o  2 2 .5 0  GHz 
2 2 .8 1  t o  2 2 .8 6  GHz
2 3 .0 7  t o  2 3 .1 2  GHz

T h e s e  b a n d s  a r e  a l s o  o f  i n t e r e s t  t o  t h e  BSS f o r  w id e  R F -b a n d  HDTV 
e m i s s i o n s  ( s e e  R e s o l u t i o n  5 2 1 ) .

T he p r o t e c t i o n  r e q u i r e d  b y  r a d i o a s t r o n o m y  a n d  t h e  w i d t h  o f  g u a r d  b a n d s  
t h a t  w o u ld  b e  r e q u i r e d  t o  p r o v i d e  f u l l  p r o t e c t i o n  t o  RA i s  d i s c u s s e d  i n  t h i s  
s e c t i o n .

* T h i s  s e c t i o n  s h o u l d  b e  b r o u g h t  t o  t h e  a t t e n t i o n  o f  CCIR S tu d y  G ro u p  2 .
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The pow er f l u x  d e n s i t y  ( p f d )  l i m i t s  r e q u i r e d  to  p r o t e c t  r a d io a s t r o n o m y  
(RA) o b s e r v a t i o n s  a r e  g iv e n  i n  R e p o r t  2 2 4 . The l i m i t s  t a b u l a t e d  a r e  b a s e d  on  th e  
a s s u m p tio n  t h a t  an  i s o t r o p i c  a n te n n a  i s  b e in g  u s e d .  S in c e  i n  p r a c t i c a l  RA 
o b s e r v a t i o n s  h i g h l y  d i r e c t i o n a l  a n te n n a s  a r e  u s e d ,  a n  a d d i t i o n a l  f a c t o r  o f  15 dB 
( o v e r  t h e  p f d  l i m i t s  t a b u l a t e d )  may b e  a ssu m e d . T h is  a s s u m p t io n  i s  b a s e d  on  th e  
u s e  o f  th e  r e f e r e n c e  a n te n n a  p a t t e r n  3 2 -2 5  lo g  <p to  r e p r e s e n t  t h e  s i d e  lo b e  g a in  
i n  dB i o f  th e  RA a n t e n n a . l t  i s  f u r t h e r  a ssu m ed  h e r e  t h a t  t h e  RA a n te n n a  w i l l  n o t  
b e  p o i n t e d  c l o s e r  th a n  5° fro m  th e  g e o s t a t i o n a r y  s a t e l l i t e  o r b i t  (GSO) so  t h a t  
t h e  g a in  o f  th e  RA a n te n n a  to w a rd s  th e  GSO w i l l  n o t  e x c e e d  
3 2 -2 5  l o g ( 5 ° )  S  15 d B i.

The r e l e v a n t  p f d  l i m i t  i n  t h i s  f r e q u e n c y  b a n d  i s  c a l c u l a t e d  a s i f o l l o w s :  
T a b le  I  o f  CCIR R e p o r t  224 i n d i c a t e s  a  s p e c t r a l  pow er f l u x - d e n s i t y  o f  
-2 3 3  dB(W /(m2 *H z)) w h ic h  c o r r e s p o n d s  t o  a n  a ssu m ed  0 d B i a n te n n a  g a i n .

T h is  p o w er f l u x - d e n s i t y  l e v e l  i s  f u r t h e r  d e c r e a s e d  b y  15 dB ( t o  
- 2 4 8  dB(W /(m2 *H z)) t o  p e r m i t  RA o b s e r v a t i o n s  up to  5° o f f  t h e  g e o s t a t i o n a r y  
s a t e l l i t e  o r b i t  a s  d i s c u s s e d  a b o v e .

Report 1075 indicates that the free space pfd of an HDTV satellite service 
will be of the order of -90 to -100 dB(v/m*) in the service area.T a b le  X IXshows 
the spectral power flux density in a 1 Hz bandwidth assuming either uniform
spectral distribution (as would be achieved by a digital transmission) or 
energy dispersal over 4 MHz (as would be achieved with a FM transmission).
Further study may be needed to determine whether the standard type of energy 
dispersal used in FM systems would be adequate to protect the RA service.

T a b le  X IX : Pow er f l u x  d e n s i t y  ( p f d )  i n  a  1 Hz b a n d w id th  i n  dB(W /(m2 .H z ) )

6 . 2 . 1  R e q u i r e d  p o w e r  f l u x  d e n s i t y  l i m i t s

B a n d w id th  o v e r  w h ic h  
th e  e n e rg y  i s  s p r e a d  (MHz)

S p e c t r a l  p f d  dB(W /(m2 .H z ) )

HDTV p f d  -  
-90  dB(W/m2 )

, HDTV p f d  =
1 -1 0 0  dB(W/m2 )

4 -156 -1 6 6
40 -166 -1 7 6
50 -167 -177
100 -170 -1 8 0

From the results in this table it can be seen that a significant 
attenuation of the HDTV signal is needed before it can operate in the RA band 
without causing excessive interference.

6 .2 .2  Implications
The levels of out-of-band interference should be lower. The modulation 

systems employed will have spectral shaping* and there can be attenuation from 
the satellite output filter.

To a c h ie v e  th e  d e s i r a b l e  l e v e l  o f  -248  dB(W /(m2 • H z ) ) ,  b e tw e e n  68 an d  
92 dB o f  a d d i t i o n a l  a t t e n u a t i o n  w o u ld  b e  r e q u i r e d .
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6 .2 .2 .1  FM sy stem s

FM system s, w i l l  have a sp e c tru m  w hich  d ro p s  o f f  f a i r l y  r a p id ly  o u t o f  th e  
b an d . F ig .  16 shows a t y p i c a l  exam ple o f  a r e p r e s e n t a t i v e  sp e c tru m  m ask. T h is  
sp ec tru m  i s  deduced  from  in f o r m a t io n  in  CCIR R ep o rt 8 0 7 -2 . T h is  R ep o rt g iv e s  
a r a d io - f r e q u e n c y  sp e c tru m  f o r  a t y p i c a l  o u t-o f -b a n d  r a d i a t i o n  from  a 
t e l e v i s i o n  b r o a d c a s t in g  s a t e l l i t e .  The a ssu m p tio n  t h a t  a c o n v e n t io n a l  
t e l e v i s i o n  s ta n d a r d  i s  u sed  r e p r e s e n t s  a n e a r  w o rs t c a s e .  To e x t r a p o la t e  from  
c o n v e n tio n a l  s ta n d a r d s  to  IIDTV s t a n d a r d s ,  i t  i s  n e c e s s a ry  to  make some . 
a p p ro x im a tio n s . F requency  s c a l in g  o f  s i g n a l s  i s  v a l id  u n d e r some c o n d i t io n s .  
C a lc u la t io n s  w ere done b o th  f o r  r . f .  b an d w id th s  o f 54 MHz (s e e  sy stem  B in
T ab le  IX o f R e p o rt 1075 ------------ ) and 100 MHz. Thus th e  f re q u e n c y  s c a l in g  can
be assumed to  be a f a c t o r  o f  two in  th e  f i r s t  exam ple , and fo u r  in  th e  second
ex am p le .

I t  can be se e n  from  th e  c u rv e s  in  F ig .  16 t h a t  some a d d i t i o n a l  a t t e n u a t io n
i s  n e c e s s a ry  to  p r o t e c t  th e  RA*. F ig .  16 a l s o  shows t h a t ,  f o r  an FM system
w ith  no a d d i t i o n a l  f i l t e r i n g ,  th e  g u a rd  band m ust be b etw een  65 and 120 MHz, 
d ep en d in g  on w hich  exam ple i s  u s e d . F u th e r  f i l t e r i n g  on th e  o u tp u t  would be 
u s e f u l .

6 .2 .2 .2  D i g i t a l  sy stem s

There is a wide range of possible digital systems under study. Some have 
a constant envelope and can be engineered to provide a spectrum which is not 
degraded when the signal is passed through a non-linear amplifier. Other 
digital systems do not have a constant amplitude envelope, the spectrum can be 
modified by non-linearities, especially in a TWTA, resulting in an increase in 
the out-of-band spectral components. Two of the examples from Report 1075,
QPSK and 16 QAM,can be considered as limiting cases. Fig. 17 shows that a 
simple QPSK system will have levels of out-of-band radiation too high to allow 
the RA users to operate properly. Similarly, with the assumptions made, there 
will be problems with 16 QAM (Spectral envelopes of Fig.17 correspond to 
post-TWTA signals and 50% cosine roll-off (CRO). Extra filtering is therefore 
essential for digital systems.

6 .2.2.3 Requirements for guard bands and filtering

It is possible to deduce the filtering necessary to protect the RA at 
minimum frequency separations from the HDTV BSS.

From a study of Fig.16 we can see that the FM systems used in the examples 
require filters with pass-bands of 50 and 100 MHz. Some rejection is 
desirable at a frequency offset by about the bandwidth away from channel 
centre frequency. An attenuation of 20 dB ls assumed as a stringent, but 
probably achievable target, in order to improve the.spectrum efficiency.

The output filter needs to provide attenuation to bring the residual 
levels of out-of-band radiation down to those proposed to protect the RA.
From Fig.17 it can be seen that figures for attenuation of about 50 dB are 
required.

More specifically, a lAO^t/sQAM channel would need at least 50 dB 
attenuation at a minimum frequency offset from channel center of 68 MHz 
whereas an lAO^t/s QPSK channel would need at least 60 dB attenuation at a 
minimum frequency offset of 70 MHz.

* The v a lu e s  i n  Fig. 16 assum e e n e rg y  d i s p e r s a l .
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6 . 2 . 2 . 4  E xam ple c a l c u l a t i o n :  140 M b i t / s  QPSK f o r  th e  f r e q u e n c y  r e g i o n  n e a r  22 
GHz

For this latter casey we can derive the total frequency band to be left 
free for RA operations:
- RA band: 50 MHz
- Minimum band between RA band edge and center frequency of nearest HDTV 
channel: 70 MHz

- Half channel RF width for an 140Mbic/s qpsk signal with 50% CRO: 52.5 MHz
B(free) = 50 + 2 x 70 - 2 x 52.5 = 85 MHz.

This leads to a large unoccupied band and to very stringent filters 
specifications.

ECl 3 0  MHz c h a n n t i

FIGURE 16

S p e c tru m  m ask f o r  FM s y s te m s
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FIGURE 17

S p e c t r a l  e n v e lo p e  f o r  d i g i t a l  s y s te m s  
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ANNEX I

EX A M PLES O F PO W ER FL U X -D E N S IT Y  LIM ITS R E Q U IR E D  
TO P R O T EC T  T H E  L A N D  M O B ILE SER V IC E  AT A B O U T  800 M H z

For a single broadcasting geostationary satellite in a visible orbit position, the acceptable value of power 
flux-density produced on the surface of the Earth by the satellite is:
— to protect a high grade service:

-1 3 3  dB(W /(m2 • 16 kHz)) at the receiving antenna of the mobile station;
-1 4 6  dB(W /(m2 • 16 kHz)) at the receiving antenna of the base station;

— to protect a minimum grade service:
-1 2 7  dB(W /(m2 • 40 kHz)) at the receiving antenna of the mobile station;
-1 3 4  dB(W /(m2 • 40 kHz)) at the receiving antenna of the base station.

These values are applicable only for the land mobile service at about 800 MHz.
The value of -1 4 6  dB(W /(m 2 • 16 kHz)) is based on currently available information and is, for example, 

necessary to protect a system operating in the land mobile service at about 800 MHz having the following 
characteristics:
— channel spacing: 25 kHz;
— receiver bandwidth: 16 kHz;
— receiver noise factor: 10 dB;
— improvement factor: 12 dB;
— antenna gain: 15 dBi;
— radio-frequency protection ratio: 18 dB;
— polarization discrimination: 3 dB.

For different or additional characteristics, the power flux-density mentioned will change accordingly. This 
value takes into account low elevation angles of the broadcasting satellite.

It should be noted that if several broadcasting geostationary satellites are in visible orbit positions, the 
power flux-density produced by each satellite must be correspondingly lower than that quoted above.

It would be desirable to obtain more data on parameters of systems in operation or under development 
from other administrations before a general value of protection to systems in the land mobile service can be 
arrived at. Further studies should therefore be undertaken on receipt of additional data.

At the present time it seems premature to judge whether sharing between the broadcasting-satellite service 
and the land mobile is feasible at about 800 MHz.

ANNEX I I

CHARACTERISTICS OF A 23 GHz DIGITAL TERRESTRIAL SYSTEM AND 
INTERFERENCE CONSIDERATIONS

T his Annex p ro v id es  th e  d e t a i l s  on th e  c h a r a c te r i s t i c s  o f  th e  
d i g i t a l  t e r r e s t r i a l  system  d isc u sse d  in  § 6 . 1 . 2 . 6  • The assum ptions and
th e  method used  fo r  th e  an a ly ses  o f  th e  im pact o f  in te r fe re n c e  a re  a ls o  
in c luded .

1. 23 GHz rKgit-Al radio systems for voice/data transmission
W ith th e  r a p id  e v o lu tio n  o f  th e  d i g i t a l  v o ic e /d a ta  netw ork, 

th e  use o f  th e  23 GHz band fo r  v o ic e /d a ta  tra n sm iss io n  w i l l  most l i k e ly  
employ d i g i t a l  tra n sm iss io n  tech n iq u es . C u rren t device perform ance 
l im i ta t io n s  a t  th ese  freq u en c ies  w i l l  l ik e ly  l im i t  th e  cho ice  o f 
m odulation  to  c o n s tan t envelope techn iques ( e .g .  2- o r 4-PSK) 
p e rm ittin g  o p e ra tio n  n e a r  o r a t  dev ice s a tu r a t io n .  Such m odulation 
schemes w i l l  p rov ide  v o ice  d a ta  c a p a c ity  ran g in g  from 96 v o ice  channels 
(low c a p a c ity )  up to  approxim ately  672 v o ice  channels (medium ca p a c ity )  
in  one RF channel. The b a s ic  ra d io  system  tra n sm iss io n  param eters fo r  
th e se  system s a re  assumed to  be as g iven  in  § 6 .1 .2 .1  o f  t h e  p r e s e n t  R e p o r t .



554 R e p .  6 3 1 - 4

T ypical a p p lic a tio n s  o f  th e se  system s cou ld  be fo r  
in te r l in k in g  b u ild in g s  w ith in  m e tro p o lita n  a re a s  th u s u sin g  r e la t iv e ly  
s h o r t  pa ths (1-8 km) in  o rd e r to  l im i t  p a th  fad in g  due to  p r e c ip i ta t io n  
which can be severe a t  th ese  f re q u e n c ie s . C onsidering  p o ss ib le  p a th  
geometry, e le v a tio n  ang les o f  the  t e r r e s t r i a l  ra d io  tra n sm it/re c e iv e  
antennas could  range up to  te n  deg rees . The e le v a tio n  ang le  o f  the  
d i g i t a l  ra d io  re ce iv e  antenna is  im portan t as i t  a f f e c ts  th e  lo c a tio n  a t  
which the  t e r r e s t r i a l  re c e iv e  antenna b o re s ig h t could  p o ss ib ly  be 
d ire c te d  towards the in te r f e r in g  s a t e l l i t e .

2. Sharing  c o n s id e ra tio n s  and in te r f e r e n c e  an a ly ses

At th ese  h ig h e r freq u en c ies  and w ith  system s employing 
r e la t iv e ly  sh o r t  p a th  len g th s  the  m ajor f a c to r  c o n tr ib u tin g  to  p a th  
a v a i l a b i l i t y  w i l l  be r a in  fad es. Furtherm ore, s a t e l l i t e  in te r fe re n c e  o f  
any concern w i l l  be in  those  cases where th e  t e r r e s t r i a l  s ig n a l  p a th  i s  
n ea r the  same azim uth and e le v a tio n  ang les as th e  in te r f e r in g  s a t e l l i t e  
s ig n a l p a th , o therw ise th e re  w i l l  be s u f f i c i e n t  d is c r im in a tio n  p rovided  
by the  t e r r e s t r i a l  re c e iv in g  an tenna. Hence i t  i s  reaso n ab le  to  assume 
th a t  the  s a t e l l i t e  s ig n a l  w i l l  be faded  by a t  l e a s t  the  same amount and 
a t  the  same time as the  t e r r e s t r i a l  s ig n a l  d u rin g  r a in  c o n d itio n s .

The sh a rin g  a n a ly s is  p re se n te d  h e re in  i s  based  on m eeting a 
re q u ire d  c a r r ie r - to - in te r f e r e n c e  r a t i o  (C /I) to  in su re  a c c ep tab le  system  
e r r o r  perform ance during  median o r c le a r  sky p ro p ag a tio n  c o n d itio n s .

(This approaches  d i f f e r e n t  from th a t  used in  § 6 .1 .2 .6  o f  t h e  p r e s e n t  
R e p o r t ,  which i s  based  on ach iev in g  an accep tab le  in te r fe re n c e - to -  
n o ise  (I/N ) r a t i o  thus im plying a t  l e a s t  p a r t i a l  s ig n a l  fad in g  
independence between the  w anted and in te r f e r in g  p a th s .)

Assuming th a t  th e  im pact o f  th e  in te r fe re n c e  on th e  system  BER 
i s  eq u iv a len t to  t h a t  o f G aussian  n o ise , th en  fo r  4-phase DPSK 
m odulation a C /I o f  13.8 dB w i l l  r e s u l t  in  a  th e o r e t ic a l  BER o f  1x10 '^ .
Allowing fo r  a  3 dB im plem entation m argin th e  re q u ire d  C /I in  th e  
absence o f therm al n o ise  (C/N -  «) i s  16.8 dB.

S im ila r ly , assuming a th re sh o ld  BER o f  1 in  10^ as minimum 
accep tab le  perform ance ( i . e .  system  outage) corresponds to  a  faded  C/N 
v a lu e  o f  9 .8  dB fo r  4 -phase DPSK. T his th re sh o ld  C/N v a lu e  i s  in  th e  
absence o f  in te r fe re n c e . The p resen ce  o f  in te r fe re n c e  in  th e  faded  
c o n d itio n  w i l l  have th e  e f f e c t  o f  in c re a s in g  th i s  th re sh o ld  C/N va lu e  
s l i g h t ly  which r e s u l t s  in  a  s l i g h t ly  reduced fade m argin. For example, 
assuming th a t  th e  s a t e l l i t e  s ig n a l  w i l l  fade th e  same amount a s  th e  
t e r r e s t r i a l  s ig n a l ,  th en  f o r  a  C/1 -  16 .8  dB th e  re q u ire d  C/N f o r  a  1 in  
10^ BER i s  approxim ately  10 .3  dB, which re p re se n ts  a  0 .5  dB re d u c tio n  in  
th e  fade m argin.

T a b le  XX- g iv es  th e  t e r r e s t r i a l  system  p a th  
c h a r a c te r i s t ic s  fo r  p a th  le n g th s  rang ing  from 2 to  8 km and f o r  two 
s iz e s  o f  t e r r e s t r i a l  t r a n s m it/r e c e iv e  an ten n as. The maximum allo w ab le  
in te r f e r in g  p fd  le v e l  a t  th e  t e r r e s t r i a l  r e c e iv e r  lo c a tio n  i s  b ased  on 
th e  C /I g iven above and assumes no t e r r e s t r i a l  an tenna d is c r im in a tio n  
tow ards th e  in te r f e r in g  s a t e l l i t e .
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TABLE XX - T e rre s tr ia l system  path parameters

P a th
le n g th

(km)

M edian r e c e iv e  
s i g n a l  l e v e l ^

(dBW)

Fade m a rg in 2 
above t h r e s h o ld

(dB)

A llo w a b le
i n t e r f e r e n c e

l e v e l 3
(dBW)

A llo w a b le
i n t e r f e r e n c e

PFD
(dBW/m2 )

30 cm 68 cm 30 cm 68 cm 30 cm 68 cm 30 cm 68 cm

2 -7 4 .8 -6 0 .6 3 4 .7 4 8 .9 -9 1 .6 -7 7 .4 -7 7 .1 -7 0 .0
4 -8 1 .1 -6 6 .9 2 8 .4 4 2 .6 -9 7 .9 -8 3 .7 -8 3 .4 -7 6 .3
6 -8 4 .8 -7 0 .6 2 4 .7 3 8 .9 -1 0 1 .6 -8 7 .4 -8 7 .1 -8 0 .0
8 -8 7 .6 -7 3 .4 2 1 .9 3 6 .1 -1 0 4 .4 -9 0 .2 -8 9 .9 -8 2 .5

(1) Assumes t r a n s m it te r  o u tp u t le v e l  Pt  -  13 dBm
(2) Assumes NF -  8 dB: BER -  1 in  103 ( th re s h o ld ) :  (C /I) -  «
( 3) Assumes median (C /I) » 16.8 dB ( = 1  in  10^ BER + 3 dB m argin)

TABLE XXI - HDTV BSS ( in d iv id u a l re c e p tio n )  
in te r fe r e n c e  le v e ls

P a ra m e te r D i g i t a l  A nalogue

PFD a t  edge o f  c o v e ra g e  a r e a 9 4 .3  - 9 4 .7 dB(W/m2 )
RF b a n d w id th 195 60 MHz
R a in  m a rg in 4 .5 .5 dB
S a t e l l i t e  t r a n s m i t  a n te n n a  beam w idth  1 .0  1 .0 deg
Minimum e l e v a t i o n  a n g le  a t  edge o f  2 0 .0  2 0 .0 deg

c o v e ra g e  a r e a
Maximum e l e v a t i o n  a n g le ,  t e r r e s t r i a l  1 0 .0  1 0 .0 deg

r e c e i v i n g  a n te n n a
B o r e s ig h t  PFD ( c l e a r a i r ) 8 6 .8  - 8 7 .2 dB(W/m2)
S a t e l l i t e  t r a n s m i t  a n te n n a  d i s c r i -  9 .6  9 .6 dB

m in a t io n  to w ard s t e r r e s t r i a l
r e c e i v e r

A d d i t io n a l  c l e a r  a i r a t t e n u a t i o n  1. .2 6  1..2 6 dB
B andw id th  d i s p e r s a l fa c to ry - C>.9 C dB

T e r r e s t r i a l  r e c e i v i n g  a n te n n a  d ia m e te r

E x cess  C /I  f o r :
P a th  l e n g th  (km) 30 68 30 68 cm

2 2 6 .6 3 3 .7 2 1 .0 2 8 .1  dB
4 2 0 .3 2 7 .4 1 4 .7 2 1 .8
6 1 6 .6 2 3 .7 1 1 . 0 1 8 .1
8 1 3 .8 2 1 .2 8 .2 1 5 .6

(1) Bandwidth d is p e r s a l  f a c to r  a p p lic a b le  to  d i g i t a l  HDTV BSS .

555

N o te . -  T h e re  a r e  some d i f f e r e n c e s  b e tw e e n  R e p o r t  9 5 1 , s h a r i n g  b e tw e e n  th e  ISS 
a n d  th e  BSS a ro u n d  23 GHz, a n d  s e c t i o n  7 . 3 . 2 . 2 . 7  o f  t h e  r e p o r t  o f  JIW P 1 0 - 1 1 /3  
w h ic h  t r e a t s  i n t e r f e r e n c e  fro m  th e  BSS to  th e  IS S .
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REPORT 634- 4 *

BROADCASTING-SATELLITE SERVICE 
(Sound and Television)

Measured interference protection ratios 
for planning television broadcasting systems

( Q u e s t io n  1 /1 0  a n d  1 1 , S tu d y  P rogram m es 1C /10  a n d  1 1 , ID /1 0  an d  11
an d  2C /10  an d  11)

(1 9 7 4 -1 9 7 8 -1 9 8 2 -1 9 8 6 -1 9 9 0 )

1. Introduction

A knowledge of interference protection ratios (the ratio of wanted-to-unwanted signal power at the receiver 
input) as a function of subjectively assessed picture quality is vital to the planning of television systems. Thus 
protection ratios for interference between two amplitude-modulation, vestigial-sideband (AM-VSB) signals have 
long been necessary in planning terrestrial broadcasting systems. Now, the many allocations of the frequency 
bands to the BSS on a shared basis with various terrestrial and space services have made the subject o f protection 
ratios required by many different modulation methods of great importance. Indeed with the imminence of digital 
transmissions both as interferers and as wanted signals a knowledge of protection ratios among such signals and 
between them and analogue signals is also necessary.

This Report summarizes the results o f protection ratio tests made by several adm inistrations in cases where 
ihe wanted and unwanted signals are modulated by colour television signals or other transmissions such as 
multiple sound channels. (See Note.) In considering these results, it should be noted that particular combinations 
of signals are not, in general, confined to a single band of frequencies. Thus the protection ratio measured for 
interference between frequency-modulation and am plitude-m odulation, vestigial-sideband signals is im portant not 
only for sharing in the band 620 to 790 MHz but also for the bands 2500 to 2690 MHz and 11.7 to 12.5 GHz.

Note. — Protection ratio data for interference between an am plitude-m odulation, vestigial-sideband or a 
frequency-modulation television signal and the types of signals used in the fixed and mobile services will be found 
in Report 449.

2. Measurements of protection ratios

2.1 Subjective measurements fo r  television

Subjective measurements o f protection ratios for television should be made according to Recommenda­
tion 600.

2.2 Objective measurements fo r  sound transmissions

In all cases of sound broadcasting it is convenient to carry out the measurement of protection ratio by 
means of an objective method. Such a method consists in carrying out the measurement of the noise after 
dem odulation in order to obtain the condition that the signal-to-noise ratio within the sound channel does not 
exceed a given value. Table I gives a list of parameters influencing the protection ratio for sound signals together 
with a suggested reference case to establish a common set of test conditions for measurements made by different 
administrations.

* T h is  R e p o r t  s h o u ld  b e  b r o u g h t  t o  t h e  a t t e n t i o n  o f  t h e  IEC (WG 8 , SC 12A)
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TABLE I -  Factors affecting objectively measured protection ratios fo r  sound signals 
and a set o f  reference case conditions fo r  these factors

Factor Reference case condition

Receivers
Wanted signal characteristics 
Unwanted signal characteristics 
Carrier frequency offset

Note 1 . 
Note 2

. Note 3 
Note 4

High quality 
sound

Sound with 
television signal

Signal-to-weighted noise ratio (Note 6)
The proposed reference case value may be arrived at from 
the two components being:

> 4 7  dB > 4 2  dB

Signal-to-weighted thermal noise ratio > 5 0  dB > 4 5  dB

Signal-to-weighted noise ratio due to interference (Note 7) > 5 0  dB > 4 5  dB

Other interference and sources of sound degradation Note 5

N ote 1. -  The receivers used in the test should represent equipment which is fairly sensitive to the particular type o f im pairm ent being 
investigated. Account should be taken of domestic receivers, and the type o f receivers which may be used at re-broadcast relay stations. 
Measurement o f RF and IF filter characteristics should be made to assist in the interpretation o f results obtained when there are frequency off­
sets between the wanted and unwanted signals. As far as possible, filter characteristics should be adjusted to the standards applicable to  the 
wanted signal. Baseband output frequencies should be limited to the minimum required for the television standard used for the wanted signal. 
Excessive filter bandwidths permit the observation o f noise and interference that would not be encountered with properly adjusted receivers.

N ote 2. -  If the wanted signal is a multiple sound system, several systems can be envisaged requiring the same or less bandwidth than a 
television channel. An example o f such a system is given in Annex I, § 4.

N ote 3. -  In most cases the unwanted signal has the same characteristics as the wanted signal. There is, however, also a need for the 
determ ination o f protection ratios between dissimilar systems. In these cases the unwanted signal can have characteristics different from  the 
wanted signal or can be another type o f transmission such as multiple sound channels.

Note 4. -  For co-channel protection ratio measurements there is no carrier frequency offset: C arrier frequency offset is defined as the 
difference between the unm odulated carrier frequencies o f the unwanted and wanted signals, ( / wanted ~  funw anted), if the same type o f 
m odulator is used in both channels. However, if the interference is sensitive to particular offset frequencies, these should be identified by 
the testing programme. For adjacent channel protection ratios, a series o f measurements should be made for frequencies o f the unwanted 
signal varying approximately ± 30 MHz from  the wanted signal.

N ote 5. -  No account should be taken of other sources o f interference, etc. (except thermal noise, as mentioned above), when assessing 
the protection ratio.

N ote 6. -  The indicated values represent the difference between the maximum signal level and the noise measured according to 
Recommendation 468. (Quasi-peak value and new weighting network.)

Note 7. -  The objective method for the measurement of protection ratios in sound channels is described in Report 7% .

3. Protection ratios for a wanted television signal

This section discusses the protection ratios needed for television signals. The protection ratio is a function 
of the modulation characteristics of both the wanted and unwanted signals. Certain values of protection ratios for 
television signals have already been used for planning purposes by the WARC-BS-77. These values based on 
measurements made up to that time are set forth in § 3.1.1. Protection ratio values based on recent measurements 
have been used for planning purposes by the RARC SAT-83. These values are also set forth in § 3.1.1.

The remainder of § 3.1 cites measurements of protection ratios for television signals subject to interference 
from other television signals employing both analogue and digital modulation. § 3.2 cites measurements of 
protection ratios for television signals subject to interference from signals other than television.
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Section 3.3 discusses the effects of several deviations in test conditions from the reference case test
conditions set forth in Recommendation 600.

Measurements of required protection ratios given in this Report were conducted under a wide variation of
test conditions using different subjective criteria. Further studies conducted in accordance with the provisions of
Recommendation 600 -and for all combinations of wanted and unwanted signal modulation methods to be
encountered in practice are desirable, so that values can be agreed on for future planning purposes. Suggestions
for certain additional tests are given in Annex II.

3.1 Interference from  a television signal

3.1.1 Protection ratio templates used for planning

■ Figure la and Table II give the protection ratio template used for planning at the WARC-BS-77
which is based on measurements made up to that time.

Measurements made in Canada and the United States of America addressed several aspects of 
interference between frequency modulated television signals of system M /NTSC. In particular:
— a relationship between the picture impairment level and the single-entry co-channel interference was 

found;
— the subjective effect of adjacent-channel interferers was analyzed;
— the composite effect of co-channel and adjacent-channel interference was assessed.

Based on the results of these measurements the protection ratio template in Fig. lb was derived for 
Region 2 with a co-channel protection ratio value of 28 dB.

Detailed information on test conditions and measurement results is given in Annex I, § 3.1 and in 
[CCIR, 1982-86a and b],

3.1.2 Interference between two amplitude-modulation, vestigial-sideband television signals 

Values of protection ratio for this important case will be found in Report 306.

3.1.3 Interference to an amplitude-modulation. vestigial-sideband television signal from  a frequency-modula­
tion television signal

Data in Annex I, for this case, is summarized in Table III showing co-channel protection 
ratios (PRo) for interference that is just perceptible.

More detailed information for different systems is given in Annex I, § 1.1.

3.1.4 Interference to a frequency-modulation, television signal from  an amplitude-modulation vestigial-side­
band television signal

In this case measurements have been made for 525-line M /N TSC and 625-line K/SECAM  systems 
as the wanted signal. For system M, co-channel protection ratio values ranging from approximately 28 to 
32 dB are indicated for the reference case. The adjacent channel protection ratios are given in Annex I, 
§ 2, for 18 M Hz/V deviation. These results may serve as a guide until more complete measurements are 
performed.

For system K/SECAM , details are given in § 5 of Annex I.
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'  Carrier-frequency offset, A/ (MHz)

FIGURE la  — Reference case protection ratios relative to co-channel values

Af -  (/interfering ~  Jwanted)

Curves A: Television/vestigial sideband modulation-wanted, television/frequency 
modulation interfering, co-channel value: 50 dB

B : Television/frequency modulation-wanted, television/frequency modula­
tion interfering, co-channel value: 30 dB (Regions 1 and 3)

C: Television/frequency modulation-wanted, television/vestigial sideband 
modulation interfering, co-channel value: 30 dB
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FIGURE lb  -  Protection ratio tem plate (FM-TV) Region 2 

Protection ratio (peak-to-peak frequency deviation: D v = 12 MHz):

28.0 dB for | / 0 I <  8.36 MHz

-2 .7 6 2  | / 0 | + 51.09 dB for 8.36 <  l /0 I <  12.87 MHz

-1 .1 5 4  | / 0 | + 30.4 dB for 12.87 <  | / 0 I <  21.25 MHz

-2 .0 0  l/0 I + 48.38 dB for | / 0 I >  21.25 MHz

TA B LE II

Protection  ratio

W anted  signal U nw an ted  signal
C o-channel

(dB) A djacent channel
Region

A m plitude-m odu la tion  vestigial 
sideband Frequency m odu la tion 50 Fig. la , curve A 1, 2, 3

F requency m odula tion A m plitude-m odu la tion  vestigial 
sideband 30 Fig. la , curve C 1, 2, 3

Frequency m odu la tion Frequency m odu la tion 30 Fig. la ,  curve B 1, 3

F requency m odu la tion Frequency m odu la tion 28 Fig. lb 2

TABLE III

W anted signal
Unwanted signal deviation, D v( l ) 

(M H z) PR0 (dB)

625-line systems I/PA L , G /P A L 12 54

625-line system K /SEC A M 22 46

525-line system M /N T SC  and 12 50
625-line system L /S E C A M

(i) D v: Nominal peak-to-peak frequency deviation.
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When the modulation parameters of the wanted and unwanted signals are the same and there is no 
carrier frequency offset, the value PRq of the protection ratio measured under the reference conditions 
described in Recommendation 600 may be represented by the following formulae:

— for all systems except 525-line M /NTSC '

PRo = C — 20 log {Dv/ 12) - 0 + 1 . 1  Q 2 (la)

3.1.5 In ter f erence betw een two freq u en cy-m o d u la tio n  television signals

where:

Dv: nominal peak-to-peak frequency deviation (MHz);

Q : the impairment grade, concerning the effect of interference only, measured on the 5-point scale 
recommended in Recommendation 500 [CCIR, 1970-74a];

C : a constant depending on the television system which is:

12.5, for 625-line systems I/PA L, G /PA L, L/SECAM ;

18.5, for 625-line system K/SECAM .

For high Q values, e.g. 4 to 4.5, the measured co-channel protection ratios reported in § 3 of Annex I 
were found to fit equation (la) within 1 dB after adjustments were made for deviations from the 
“reference case”. Protection ratio data from Report 449 also was within 1 dB of equation (la). The 
limited data available for low Q values (see Annex I, § 3.1) differed from equation (la ) by approxi­
mately 4 dB. Equation (la ) is useful for system design where high R values are generally required. 
Refinement of equation (la) for low (lvalues requires further studies.

— for 525-line system M /N TSC

PRo -  16.9 -  8.7 log Iu -  20 log (D v/12) (lb )

where:

I u  =
5 -  Q for 1 <  Q < 5 (see Report 405)

Equation (lb ) is based on data obtained from measurements carried out in Canada and the United 
States of America using 525-line system M /NTSC [Bouchard et al., 1984; CCIR, 1982-86c]. This 
equation was found to provide a reasonably good fit to these data over the full range of Q.

Detailed information on interference between two frequency-modulation television signals is given 
in Annex I, § 3, and in [CCIR, 1974-78a].

3.1.6 Interference to a frequency-modulated television signal by multiple frequency-modulated television
signals -

Measurements have recently been carried out in Canada and the United States of America, using 
525-line system M /N TSC in order to examine the method by which multiple co-channel interferers 
combine. The results of subjective tests show that the combination is nearly power addition.

Additional measurements in the United States of America have shown that multiple adjacent- 
channel interfering signals combine to produce an effect which is 2-6 dB more severe than power addition.

The combined effect of co-channel and adjacent-channel interferers is a power addition of the 
individual interference effects over the entire C /7  range. At high C/ I ,  the subjective effects are dominated 
by the co-channel interference, while at low C/ I ,  the adjacent channel is dominant.

Detailed information on interference to an FM television signal by multiple FM television signals 
is given in Annex I, § 3.1.6.4, 3.1.7.2, 3.1.7.4, 3.1.7.5 and in [CCIR, 1982-86a and b].

3.1.7 Interference between FM television signals using digital modulation and time division multiplex fo r  the
sound and data (625-line systems)

Subjective measurements (for the image) and objective measurements (for the sound) have been 
carried out by the EBU [CCIR, 1982-86d] with a view to demonstrating compatibility with the provisions 
of the WARC-BS-77 of the C-M AC/packet system (see Reports 1073 and 632).
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The results are set out in Table IV for the image, in terms of the relative impairment due to the 
addition of the interfering signal evaluated on the 5-grade impairment scale, and for the sound in Table V, 
in terms of the bit error ratio.

TABLE IV — Subjective grades fo r  the image on the 5-grade impairment scale 
in the presence o f  interference

(Mean and standard deviation (SD))

(Co-channel interference at -3 1  dB and adjacent-channel interference at -1 5  dB)

Relative impairment of vision 
quality

Co-channel Upper adjacent 
channel

Lower adjacent 
channel No interference

C-M A C/packet signal 
interfering with a 
C-M A C/packet signal

High C /N  Mean 4.8 4.9 4.6 4.9
(25 dB) SD 0.40 0.35 0.60 0.31

Low C /N  Mean 4.8 4.7 4.7 4.8
(10 dB) SD 0.49 0.46 0.52 0.39

C-M A C/packet signal 
interfering with a 
WARC-BS-77 reference 
signal

High C /N  Mean 4.9 4.9 4.9 4.9
(25 dB) SD 0.35 0.23 0.31 0.31

Low C /N  Mean 4.2 4.5 3.9 4.7
(10 dB) SD 0.71 0.66 0.78 0.52

TABLE V — Bit error ratio measured in a digital sound channel 
at low C /N  ratio (7 dB)

Wanted Interfering Co-channel 
-3 1  dB

Adjacent channel
No

interference (')Upper 
- 1 5  dB

Lower 
- 1 5  dB

C-MAC C-MAC N
J

X o 1 2.6 x 1 0 -3 2.6 x 1 0 -3

7oXc-i

(') W ithout use of satellite simulation in the wanted channel.

I f  r e fe re n c e  is m a d e  to  th e  fa c t  th a t  th e  w o rs t  lev e ls  o f  in te r fe r e n c e  a l lo w e d  b y  th e  W A R C -B S -7 7  in  
th e  sa m e  c h a n n e l  ( - 3 1  d B )  a n d  in  th e  a d ja c e n t  c h a n n e ls  ( - 1 5  d B ) c o r r e s p o n d  to  a n  im p a i rm e n t  g r a d e  
o f  4.5  (w ith  h ig h  c a r r ie r - to -n o is e  r a t io ) ,  it m a y  b e  c o n c lu d e d  f ro m  th e s e  re su lts  th a t  th e  C - M A C /p a c k e t  
sy s te m  is c o m p a t ib le  w ith  th e  d o w n - l in k  P la n  fo r  R e g io n s  1 a n d  3.

M e a s u re m e n ts  w e re  c a r r ie d  o u t  in  F ra n c e  [C C IR , 1982-86e] to  s tu d y  th e  c o m p a t ib i l i ty  o f  th e  
D 2 - M A C /p a c k e t  sy s te m  (see  R e p o r ts  1073 a n d  6 3 2 ) w ith  th e  F in a l  A c ts  o f  th e  W A R C -B S -7 7 . T h e  
m e a s u re m e n ts  w e re  m a d e  o n  th e  D 2 - M A C /p a c k e t  sy s te m  a n d  a  sy s te m  c o r r e s p o n d in g  to  th e  r e fe re n c e  
u se d  fo r  th e  W A R C -B S -7 7  f o rm a t  ( P A L /S E C A M  sy s te m  w ith  a n  F M  s o u n d  su b -c a r r ie r ) .
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T h e  re s u lts  a re  g iv e n  in  T a b le  V I f o r  th e  p ic tu re  in  te rm s  o f  th e  C / l  r a t io  c o r r e s p o n d in g  to  th e  
in te r fe r e n c e  v is ib ili ty  th re s h o ld .

TABLE VI -  Protection ratios between D2-MAC. packet and 
'  P A L /SE C A M  ( WARC-BS-77)

C / l  corresponding to the visibility threshold

Wanted signal Unwanted signal
Co-channel

(dB)

Lower adjacent 
channel 

(dB)

Upper adjacent 
channel 

(dB)

D2-M AC/
packet

D2-MAC/
packet 20 11 12

PAL/SECAM
(WARC-BS-77)

D2-MAC/
packet 27 12 13

T h e  re su lts  a p p ly  to  th e  m o s t  c r itic a l c a se s  fo r  b o th  th e  w a n te d  a n d  th e  in te r fe r in g  s ig n a ls .

In  r e la t io n  to  th e  d ig i ta l  c o m p o n e n t  o f  th e  D 2 - M A C /p a c k e t  s ig n a l,  th e  e q u iv a le n t  im p a i rm e n t  
e x p re s s e d  in  te rm s  o f  th e  C / N  r a t io  a lw a y s  r e m a in s  b e lo w  0.5 d B  fo r  a  b i t  e r r o r  r a t io  o f  1 0 ~ 3 w ith  
a d ja c e n t  c h a n n e l  a n d  c o -c h a n n e l  C / I  ra t io s  o f  15 a n d  31 d B  re sp e c tiv e ly .

T h e se  m e a s u re m e n ts  d e m o n s tr a te  th a t  th e  D 2 - M A C /p a c k e t  sy s te m  sa tis f ie s  th e  r e q u i r e m e n ts  fo r  
p r o te c t io n  r a t io s  a d o p te d  a t  th e  W A R C -B S -7 7 .

Measurements were carried out in the UK [rriestman arc O' Neill,
1987] tc study the compatibility cf the D-KA 7/packet system using 
frecuencv modulation (see Resort 1073) with the Final Acts of the
WARC-BS-77 - ' '

The wanted signal was either.of the PAL system (i.e. reference system as 
defined by WARC-BS-77) or of the D-MAC/packet system using frequency modulation.

In these tests the interfering signal was transmitted through 
satellite channel simulation equipment consisting of a high power 
klystron transmitter and a simulated satellite transponder, using a
low power travelling wave tube.

Tne results of these measurements are given in Table VII for the 
subjectively evaluated protection ratios for the wanted vision channel 
signal, and apply to the most critical picture combinations.

It can be seen that in all cases there is a positive margin with 
respect to the protection ratios adopted by WARC-BS-77 (i.e., 31 dB for 
.co-phannel interference and 15 dE for adjacent channel interference).

In relation to the digital component of the D-MAC/packet ■ signal, 
the equivalent impairment expressed in terms of the C/N ratio always 
remains below 0.5 dB for. a bit error ratio of 10-3 with adjacent and 
co-channel C/I ratios of 15 and 31 dS respectively.

Tnese measurements demonstrate that the D-MAC/packet system 
satisfies the protection ratio requirements adopted at the WA.RC-ES 77.
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TABLE VII - Protection Ratios for the D-MAC/packet System
Using Frequency Modulation

Protection ratio required for just 
perceptible interference on the 
wanted channel picture (dB)

■ .Wanted 
Signal (1)

Interfering 
Signal (1)

Co-channel Lower
Adjacent
Channel

Upper
Adjacent
Channel

D-MAC/packet D-MAC/packet
continuous
data

17 3 1

D-MAC/packet C-MAC/packet 27 10 6

PAL System 
(WARcIbS 77) 

(2)

D-MAC/packet
continuous
data

22 7 6

PAL System C-MAC/packet 29 11 8

(1) The wanted channel and interfering channel pictures were synchronised vrith a 
172 line offset between each other.

(2) Deviation sensitivity 13-5 MHz/V.

A d d i t io n a l  s u b je c tiv e  e v a lu a t io n  te s ts  h a v e  b e e n  c a r r ie d  o u t  b y  th e  E B U  c o n c e r n in g  th e  p e r c e p t i ­
b i l i ty  o f  in te r fe r e n c e  w h e n  in c lu d in g  th e  s c ra m b lin g  a n d  d e s c ra m b l in g  p ro c e s s e s  in to  th e  B SS w ith  th e  
C - M A C /p a c k e t  sy s te m  d e s c r ib e d  in  R e p o r t  1073.

T h e se  te s ts  c o n d u c te d  a c c o r d in g  to  R e c o m m e n d a t io n s  500  a n d  6 0 0 , in d ic a te d  th a t  th e  p r o te c t io n  
r a t io s  fo r  s c ra m b le d  C - M A C /p a c k e t  s ig n a ls  c a n  b e  s lig h tly  less  s t r in g e n t  a s  c o m p a r e d  to  th e  p ro te c t io n  
r a t io s T o r  n o n - s c r a m b le d  C - M A C /p a c k e t  s ig n a ls * .

T h e  a v e ra g e  r e d u c t io n s  o f  th e  p ro te c t io n  r a t io  (P R )  a s a  r e s u lt  o f  s c ra m b lin g  a re  se t o u t  in  

Table VIII.

* It is expected that similar results' would be obtained in the case of the 
D-MAC/packet system and the D2-MAC/packet system.
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TABLE V I I I

565

Average reduction of
protection ratio

(dB)

Lower adjacent channel ( -  19.18 MHz) 2.6
Higher adjacent channel (+  19.18 MHz) 1.8
Co-channel • 2.0

It c a n  b e  seen  f ro m  Table v m t h a t  th e  in c lu s io n  o f  s c ra m b lin g  re d u c e s  b o th  th e  c o -c h a n n e l  a s  w ell 
a s  th e  a d ja c e n t - c h a n n e l  in te r fe re n c e s . It is v a lid  fo r  a n y  o f  th e  s c ra m b lin g  sc h e m e s  a n d  a ls o  fo r  d e g ra d e d  
C / N  o p e r a t io n .

T h e  a b o v e  su b je c tiv e  te s ts  th e re fo re  in d ic a te  th a t  th e  in te r fe r e n c e  p r o te c t io n  r a t io s  fo r  s c ra m b le d  
C - M A C /p a c k e t  s ig n a ls  a ls o  fu lly  c o r re s p o n d  to  th e  W A R C -B S -7 7  s p e c if ic a t io n .

F u r th e r  te s ts  w ith  C -M A C  s ig n a ls  p a s se d  th ro u g h  a  c o m p le te  h a r d w a r e  s im u la t io n  o f  a  s a te l li te  
b r o a d c a s t in g  c h a n n e l ,  in c lu d in g  b o th  re p re s e n ta t iv e  f e e d e r  a n d  d o w n  l in k s , sh o w  lit t le  d if fe r e n c e  in  th e  
e ffe c t o f  in te r fe re n c e  in  th e  fe e d e r  l in k  to  th a t  e x p e r ie n c e d  w ith  th e  s a m e  a m o u n t  o f  in te r fe r e n c e  in  th e  
d o w n  l in k , w ith  a t r a n s p o n d e r  h a v in g  a low  v a lu e  o f  A M /P M  c o n v e r s io n  ( <  2 ° / d B )  [S h e lsw e ll, 1984]. 
H ig h e r  v a lu e s  o f  A M /P M  c o n v e rs io n  sh o u ld  h a v e  a n  im p a c t  o n  th e  a p p a r e n t  e ffe c t o f  in te r fe r e n c e  o n  th e  
f e e d e r  l in k , m u c h  in th e  w ay  th a t  th e  e f fe c tiv e  fe e d e r  l in k  C / N  is r e d u c e d  (see  R e p o r t  952 , § 3.3 a n d  4.5). 
T h is  r e su lt  s h o u ld  b e  v a lid  fo r  a n y  sy s te m , n e v e r th e le s s  f u r th e r  s tu d ie s  a re  n e e d e d .

3 .1 .8  In terference betw een F M  television signals using d ig ita l m o d u la tion  a n d  tim e division m u ltip lex  fo r  the
so u n d  a n d  da ta  (525-line system s)

S u b je c tiv e  m e a s u re m e n ts  to  c h a ra c te r iz e  th e  n o ise  a n d  in te r fe r e n c e  p e r fo r m a n c e  o f  th e  v is io n  
p o r t io n  o f  th e  B -M A C  sy s te m  h a v e  b e e n  c o n d u c te d  in  C a n a d a  [ C h o u in a r d  a n d  B a rry , 1984]. T h e  
in te r fe re n c e  te s ts  in v o lv e d  a  c o m p a r is o n  o f  th e  su s c e p tib i l i ty  o f  b o th  th e  M A C  a n d  N T S C  e n c o d e d  v is io n  
s ig n a ls  to  e i th e r  M A C  o r  N T S C  e n c o d e d  in te r fe r in g  s ig n a ls .

T h e  N T S C  v is io n  s ig n a l d e v ia tin g  th e  F M  c a r r ie r  b y  12 M H z  ( p e a k - to -p e a k ) ,  w a s  a c c o m p a n ie d  by  
3 a u d io  s u b -c a r r ie r s  e a c h  d e v ia t in g  th e  m a in  c a r r ie r  b y  2 M H z  (p e a k - to -p e a k ) .  T h e  p r e -e m p h a s is  u se d  w as  
a c c o r d in g  to  R e c o m m e n d a t io n  405. T h e  M A C  s ig n a l (see  R e p o r t  1073 fo r  a  d e ta i le d  d e s c r ip t io n )  w a s  a ls o  
d e v ia t in g  th e  F M  c a r r ie r  b y  12 M H z. T h e  d a ta  b u rs t  d u r in g  th e  l in e -b la n k in g  in te rv a l  w a s  re p la c e d  b y  a 
7 M H z  s y n c h ro n iz a t io n  b u r s t  a t  fu ll a m p li tu d e . T h e  p re -e m p h a s is  u se d  w a s  a s l ig h tly  m o d if ie d  v e rs io n  o f  
th e  o n e  sp e c if ie d  in  R e p o r t  1073 w ith  th e  z e ro  c ro s s in g  f re q u e n c y  a t  2 .335  M H z . B o th  w a n te d  a n d  
in te r fe r in g  s ig n a ls  h a d  th e  sa m e  m o d u la t io n  c h a ra c te r is t ic s .

T h e  te s ts  w ere  c o n d u c te d  w ith  a  l in e a r  R F  c h a n n e l  a n d  th e  f r e q u e n c y  d e m o d u la t io n  w a s  m a d e  w ith  
a  c o n v e n t io n a l  l im i te r -d is c r im in a to r  rece iv e r. T h e  p r e -d e te c t io n  c h a n n e l  f i l te r  w as  a 4 -p o le , C h e b y c h e v - ty p e  
f i l te r  w ith  a n  e q u iv a le n t  n o is e  b a n d w id th  o f  22.7 M H z  a n d  n o  g ro u p -d e la y  e q u a l iz a t io n .  T e s ts  w e re  d o n e  
in  a c c o r d a n c e  w ith  R e c o m m e n d a t io n  500 w ith  t r a in e d  v ie w e rs  s i t t in g  a t  5 t im e s  p ic tu r e  h e ig h t  a n d  b a s e d  
o n  th e  th r e s h o ld  o f  p e r c e p t ib i l i ty  o f  p ic tu re  im p a irm e n ts .

3.1.8.1 C o-channel interference

T h e  re su lts  o f  th e  c o -c h a n n e l  in te r fe re n c e  te s ts  a v e ra g e d  o v e r  4 te s t  s lid e s  a n d  17 v ie w e rs  a re  g iv e n  
in  Table IX. T h e  re su lts  in d ic a te  th e  C / / ( d B )  a t th e  ju s t  p e r c e p t ib le  lev e l o f  im p a i rm e n t  f o r  tw o  in te r ­
fe r in g  s ig n a ls :  th e  m u lt ib u rs t  te s t s ig n a l (M B ) a n d  75%  c o lo u r  b a r  te s t s ig n a l  (C B ). T h e  a v e ra g e  fo r  th e se  
tw o  te s t s ig n a ls  is a lso  g iv e n . T h e  M A C  s ig n a l w as  f o u n d  to  be  s lig h tly  m o re  im m u n e  to  c o - c h a n n e l  
in te r fe r e n c e  th a n  th e  N T S C  s ig n a l. In  th e  c a se  o f  th e  w id e r  d e v ia t io n  sp e c if ie d  in  R e p o r t  1073 fo r  th e  
B -M A C  s ig n a l,  it is e x p e c te d  th a t  th e  r e q u ire d  p ro te c t io n  fo r  th e  B -M A C  s ig n a l w ill b e  3 -4  d B  less th a n  
th e  re fe re n c e  N T S C  s ig n a l. In  th e  case  o f  th e  m ix e d  in te r fe re n c e  s i tu a t io n ,  th e  in te r fe r e n c e  w a s  f o u n d  to  be  
n o  w o rse  th a n  th e  r e fe re n c e  N T S C  in to  N T S C  case . W ith  th e  w id e r  d e v ia t io n  s p e c if ie d  fo r  th e  
B -M A C  s ig n a l,  th e  m ix e d  ca se s  a re  e x p e c te d  to  be  less se v e re  by  1-3 d B  re la t iv e  to  th e  r e fe re n c e  case . It 
c a n  th u s  b e  c o n c lu d e d  th a t  th e  u t i l iz a t io n  o f  B -M A C  is c o m p a t ib le  w ith  th e  c o - c h a n n e l  in te r fe re n c e  
c h a ra c te r is t ic s  o f  th e  R A R C  S A T -8 3  P lan .
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T A B L E  I X  — Co-channel interference results <C I in dBj

■
Interfering signal

NTSC B-MAC

Wanted
NTSC

MB = 24.3 CB = 26.1 

Average = 25.2 •
MB = 24.4 CB = 26.2 

Average = 25.3

signal

B-MAC
MB = 24.3 CB = 25.1 

Average = 24.4
MB = 23.6 CB = 25.1 

Average = 24.4

MB: Multiburst video test signal 

CB: 75% colour bar test signal

3.1 .8 .2  A d ja ce n t-ch a n n e l in terferen ce

T h e  re su lts  o f  th e  su b je c tiv e  te s ts  d e a l in g  w ith  u p p e r  a n d  lo w e r  a d ja c e n t - c h a n n e l  in te r fe re n c e  
a v e ra g e d  o v e r  4 te s t s lid e s  a n d  17 v ie w e rs  a re  g iv e n  in  Tables X and XI re sp e c tiv e ly . T h e  level o f  
C / / ( d B )  a t  th e  ju s t  p e r c e p t ib le  level o f  im p a i rm e n t  a re  in d ic a te d  fo r  tw o  d if fe r e n t  in te r fe r in g  s ig n a ls :  
m u lt ib u rs t  (M B ) a n d  75%  c o lo u r  b a r  (C B ) te s t s ig n a ls . T h e  a v e ra g e  o f  th e  re su lts  o b ta in e d  fo r  th e  tw o  
in te r fe r in g  s ig n a ls  is a ls o  in d ic a te d . T h e  r e s u lts  in d ic a te  th a t  a  B -M A C  s ig n a l  p ro d u c e s  m o re  in te r fe re n c e  
in  b o th  u p p e r  a n d  lo w e r  a d ja c e n t  c h a n n e ls  th a n  N T S C . T h e  p r o te c t io n  o f  a  B -M A C  s ig n a l  f ro m  a n o th e r  
B -M A C  s ig n a l  is f o u n d  to  b e  2-5 d B  h ig h e r  th a n  th e  p r o te c t io n  re q u ire d  fo r  th e  r e fe re n c e  N T S C  in to  
N T S C  ca se  a l th o u g h  it is le ss  th a n  th e  v a lu e  u se d  fo r  p la n n in g  th e  B SS a t  th e  R A R C  S A T -8 3  (13 .6  d B ). It 
s h o u ld  b e  n o te d  h o w e v e r  th a t  th e  a d ja c e n t - c h a n n e l  in te r fe r e n c e  is s tr ic t ly  a  d o m e s tic  p ro b le m  in  th e  c ase  
o f  th e  N o r th  A m e r ic a n  B SS s in c e  a ll c h a n n e ls  f ro m  th e  sa m e  o rb i ta l  lo c a t io n  h a v e  b e e n  a s s ig n e d  to  th e  
sa m e  a d m in is t r a t io n  in  th e  P lan .

It w a s  a ls o  f o u n d  th a t  th e  s y n c h ro n iz a t io n  b u r s t  w as  th e  c o n s t r a in in g  fa c to r  in  o n ly  a  v e ry  few  
c ases . S in c e  th e  d a ta  b u rs t  in  th e  B -M A C  sy s te m  is sp e c if ie d  a t  lo w e r  a m p l i tu d e ,  it is u n l ik e ly  th a t  th e  d a ta  
b u r s t  w ill b e  f o u n d  a s th e  c o n s t ra in in g  f a c to r  in  in te r fe r e n c e  s i tu a t io n s .

TABLE X — Upper adjacent-channel interference results 
( C /I  in dB)

Interfering signal

NTSC B-MAC

Wanted
NTSC

MB =  4.3 CB =  4.4 

Average =  4.3

MB = 7.4 CB = 7.2 

Average = 7.3

signal
B-MAC

MB = 4.2 CB = 2.4 

Average =  3.3

MB =  6.1 CB = 6.8 

Average = 6.5

MB: Multiburst video text signal 

CB: 75% colour bar test signal
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T A B L E  X I  — Lower adjacent-channel interference results 
(C /I  in dBI

Interfering signal
\  ,

NTSC \ B-MAC

Wanted
NTSC

\
MB = 5.5 CB =  2.9s 

Average =  4.2

MB = 7.2 CB = 5.1 

\  Average = 6.2

signal

B-MAC
MB = 5.7 CB = 3.9 

Average = 4.8

MB = 9.1 CB = 9.2 

Average = 9.2

MB: Multiburst video test signal ,

CB: 75% colour bar test signal

3 .1 .9  In terfe ren ce  b e tw e en  F M  te lev is io n  s ig n a ls  u sin g  d ig ita l  su b -c a rr ie r  f o r  th e  so u n d  a n d  d a ta  (5 2 5 -lin e
sy s te m s )

S u b je c tiv e  e v a lu a t io n  te s ts  h a v e  b e e n  c a r r ie d  o u t  in  J a p a n  [ C C I R ,  1982-86f] u s in g  th e  5 2 5 -lin e
sy s te m  M /N T S C  w ith  a  p e a k - to -p e a k  f re q u e n c y  d e v ia t io n  o f  17 M H z  d u e  to  p ic tu r e  s ig n a ls  w h ic h  a re
a c c o m p a n ie d  b y  a d ig i ta l ly -m o d u la te d  s o u n d  s u b -c a r r ie r .  T h e  v ie w in g  d is ta n c e  w a s  fo u r  t im e s  th e  p ic tu r e  
h e ig h t. C o lo u r  b a r s  w e re  u s e d  fo r  th e  w a n te d  a s  w e ll a s  f o r  th e  in te r f e r in g  s ig n a l.

O f  th e  m o d u la t io n  p a ra m e te r s ,  th e  b i t  ra te ,  th e  p e a k - to -p e a k  m a in  c a r r ie r  d e v ia t io n  d u e  to  th e  
d ig i ta l ly  m o d u la te d  s u b - c a r r ie r ,  a n d  th e  s u b - c a r r ie r  f re q u e n c y  a r e  r e s p e c tiv e ly  2 .048  M b i t / s ,  6.5 M H z  a n d  
5 .7 2 7 2 7 2  M H z . T h e  re su lts  sh o w  th e  fo llo w in g :

-  m e a n  v a lu e s  fo r  ju s t  p e r c e p t ib le  in te r fe r e n c e  lev e ls  f o r  p ic tu r e  im p a i r m e n t  a re  29 .8  d B  a n d  9 .4  d B  in  
th e  c a se  o f  co - a n d  a d ja c e n t - c h a n n e l  in te r fe r e n c e s  r e sp e c tiv e ly  (1 9 .1 8  M H z  c h a n n e l  s p a c in g ) ;

— w ith  re sp e c t  to  s o u n d  im p a i rm e n t ,  th e r e  is n o  d e g r a d a t io n  in  th e  s o u n d  q u a l i ty  e v e n  w h e n  th e  
d e g r a d a t io n  in  th e  p ic tu r e  q u a l i ty  is ju s t  p e r c e p tib le .

In  c o n s e q u e n c e  it w a s  d e m o d u la te d  b y  th e s e  te s ts  th a t  th e  a b o v e - m e n t io n e d  m o d u la t io n  sy s te m  a s  
s p e c if ie d  sa t is f ie s  th e  r e q u i re m e n ts  fo r  p r o te c t io n  r a t io s  a d o p te d  a t  th e  W A R C -B S -7 7 .

3 .1 .1 0  In terfe ren ce  b e tw e en  tw o  d iss im ila r  fre q u e n c y -m o d u la tio n  te lev is io n  s ig n a ls

T e s ts  h a v e  b e e n  c a r r ie d  o u t  b y  th e  B B C  a n d  T D F  fo r  in te r f e r e n c e  b e tw e e n  6 2 5 - l in e  P A L  a n d  
S E C A M  s y s te m s  a n d  in  J a p a n  fo r  in te r fe r e n c e  b e tw e e n  5 2 5 - lin e  sy s te m  M /N T S C  a n d  d i f fe r e n t  
6 2 5 - lin e  sy s te m s . A s a  g e n e ra l  re s u lt  it c a n  b e  c o n c lu d e d  th a t  th e  m e a s u re d  te le v is io n  p r o te c t io n  r a t io  fo r  
tw o  d is s im i la r  sy s te m s  is n o t  s ig n if ic a n t ly  d i f f e r e n t  f ro m  th e  p r o te c t io n  r a t io  m e a s u re d  fo r  th e  m o re  
d e m a n d in g  sy s te m  in te r fe r in g  w ith  itse lf .

3.1.11 In terfe ren ce  to  a  f r e q u e n c y -m o d u la tio n  te lev is io n  s ig n a l f r o m  d ig i ta l  s ig n a ls  (te lev is io n  a n d  d a ta )

M e a s u re m e n ts  o f  p r o te c t io n  r a t io s  f o r  sy s te m  M /N T S C  w e re  m a d e  w ith  a  43 M b i t / s ,  d ig i ta l  
te le v is io n , 4 -P S K  in te r fe re r .  R e su lts  in d ic a te  th a t  a  f r e q u e n c y  m o d u la te d  te le v is io n  sy s te m  w ith  a n  
a p p a r e n t  s ig n a l- to -n o is e  r a t io  ( s ig n a l- to - in te r fe r e n c e  r a t io )  r a n g in g  f ro m  45 to  35 d B  r e q u ire s  c o -c h a n n e l  
p r o te c t io n  r a t io s  o f  24 to  14 d B , re sp e c tiv e ly .

D e ta ils  o f  th e  m e a s u re m e n ts  a re  g iv e n  in  A n n e x  I, § 4 .1 .3 .
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T h e  p ro te c t io n  r a t io  te m p la te  u se d  fo r  e v a lu a t in g  F M -T V  to  F M -T V  in te r fe r e n c e  (F ig . lb )  is n o t  
d ire c t ly  a p p l ic a b le  to  d ig i ta l  T V  in te r fe r e n c e  w ith  F M -T V . H o w e v e r , u n d e r  th e  c o n d i t io n  th a t  th e  d ig ita l 
b i t  r a te  to  b a n d w id th  ra t io  ( R h, / B )  is o f  th e  o r d e r  o f  1.7 o r  le ss  ( u t il iz in g  s ta g g e re d  4 -P S K  m o d u la t io n ) ,  
th e  in te r fe re n c e  fo r  a  g iv e n  f re q u e n c y  o f fs e t  is c o m p a r a b le  to  th e  c o r r e s p o n d in g  v a lu e s  fo r  F M -T V  to  
F M -T V  in te r fe re n c e . L im itin g  R hl/ B  to  less th a n  a p p r o x im a te ly  1.7 w ill m in im iz e  th e  e f fe c ts  o f  sp e c tra l  
s p r e a d in g  o n  th e  s e c o n d  a d ja c e n t  c h a n n e l .

H e n c e , a 40  M b i t / s  d ig ita l  4 -P S K  s ig n a l (w ith  4  d B  o f  T W T A  in p u t  b a c k -o f f )  c o u ld  b e  t r a n s m i t te d  
in  a 24  M H z  c h a n n e l  w ith  o n ly  n o m in a l  d e g r a d a t io n  to  th e  s e c o n d  a d ja c e n t  c h a n n e l ,  e v e n  if  it is c o -p o la r .  
F u r th e r  d e ta i ls  a re  g iv e n  in  [C P M  S A T -R 2 , 1982]. F M -T V  to  d ig ita l-T V  in te r fe r e n c e  is n o t  a c o n t r o l l in g  
f a c to r  in sy s te m  p la n n in g .

M e a s u re m e n ts  o f  p r o te c t io n  r a t io s  fo r  sy s te m  D /P A L  w e re  m a d e  w ith  in te r fe r e n c e  f ro m  a
s in g le - f re q u e n c y  s ig n a l (C W ), a  P S K  s ig n a l  o r  a n  A S K  s ig n a l w ith  ra te s  o f  2 .048  M b i t / s  a n d  8 .448  M b i t / s
re sp e c tiv e ly . D e ta i ls  o f  m e a s u re m e n ts  a re  g iv e n  in  A n n e x  I, § 4 .1 .3 .

S o m e  e x p e r im e n ts  o n  C / l  r e q u i re m e n ts  fo r  4 -P S K  to  F M -T V  a n d  vice versa  w e re  c a r r ie d  o u t
[ C C I R , 1982-86g] u s in g  4 -P S K  w ith  a  b i t  r a te  o f  24 .6  M b i t / s  a n d  F M -T V , 5 2 5 -lin e  N T S C  w ith  d ig ita l  
a u d io  s u b -c a r r ie r s  (see  R e p o r t  1073). T h e  ju s t  p e r c e p t ib le  in te r fe r e n c e  r a t io s  a re  s h o w n  in  T a b l e s  X X I a  
a n d  X I l b .

3 .1 .12  In terfe ren ce  to  d ig ita lly  e n c o d e d  te lev is io n  sig n a ls

F o r  d ig ita l ly  e n c o d e d ,  sy s te m  M /N T S C  te le v is io n , m e a s u re m e n ts  w e re  m a d e  o f  p r o te c t io n  ra t io s  
a g a in s t  a n a lo g u e  F M  te le v is io n  in te r fe re n c e . T h e  re su lts  a re  g iv e n  in Table X III, w h e re  Eh/ N u — r a t io  o f  
e n e rg y  p e r  b it  to  n o is e  p o w e r  s p e c tra l  d e n s ity .

T A B L E  X I l a  -  Just perceptible C /I  o f  FM -TV to 4-PSK

Just perceptible C / I  for 
picture (') C / I  at which influence on BER 

becomes negligible, for 
sound (: )

Colour bar Woman

Co-channel (dB) 29.1 25.0 24.0-28.0

Upper adjacent channel (dB) 11.1 7.2 10.0-14.0

...(') Under the condition of C /N  = 26 dB, viewing distance =  4 H, 20 in. colour m onitor and 
10 experts.

■ (:) Under the condition of C /N  =  8 to 12 dB.

T A B L E  X I l b  -  Just perceptible C /I  o f  4-PSK to FM -TV

C / / a t  which influence on BER 
becomes negligible)1)

Co-channel (dB) 28.0

Upper and lower adjacent
channel (dB) 8.0

(') Under the condition of C /N  =  7 to 11 dB.



R e p .  6 3 4 - 4 569

TABLE X I I I  -  Peak protection ratios fo r  frequency-modulation television 
interference to a digital television signal

E„/No Protection ratio at 10 * BER E n/N n Protection ratio at 10“ A BER
(dB) ■ (dB) (dB) (dB)

15.1 24.2 13.6 22

18.1 ' 14.5 16.6 13

F o r  th e  s a m e  d ig ita l ly  e n c o d e d  M /N T S C  te le v is io n  sy s te m , m e a s u re m e n ts  w e re  m a d e  o f  p ro te c t io n  
ra t io s  a g a in s t  in te r fe re n c e  f ro m  o th e r  d ig ita l ly  e n c o d e d  sy s te m s  ( in c lu d in g  b o th  d ig ita l  te le v is io n  a n d  
p s e u d o - r a n d o m  d a ta )  [C C IR , 1982-86h], F o r  a n  e n e rg y  c o n t r a s t  r a t io  ( E h/ N 0 ) o f  14.7 d B , th e  c o -c h a n n e l  
p ro te c t io n  r a t io  a t 2 x  1 0 - s  B E R  w as a p p r o x im a te ly  22 d B  f o r  in te r fe r e n c e  o f  e q u a l  d a ta  ra te  f ro m  b o th  
d ig ita l  te le v is io n  a n d  p s e u d o - r a n d o m  d ig ita l  d a ta .  T h e se  m e a s u re m e n ts  a ls o  sh o w e d  th a t  th e  re la t iv e  
b a n d w id th  (i.e . d a ta  r a te s )  b e tw e e n  th e  w a n te d  a n d  in te r fe r in g  s ig n a ls  h a s  a  s ig n if ic a n t  e ffe c t o n  th e  
c o -c h a n n e l  a n d  a d ja c e n t - c h a n n e l  a l lo w a b le  c a r r ie r - to - in te r fe re n c e  r a t io . I n te r f e r in g  s ig n a ls  w ith  a  b a n d ­
w id th  less th a n  th e  d e s ire d  s ig n a l r e q u ire  g r e a te r  c o -c h a n n e l  p ro te c t io n  th a n  th e  in te r fe r in g  s ig n a ls  w h ic h  
h a v e  a  w id e r  b a n d w id th  th a n  th e  d e s ire d  s ig n a l. In  a d d i t io n ,  th e  f a l l -o f f  in  p r o te c t io n  r a t io  v e rsu s  
f re q u e n c y  o f fs e t  is m o re  r a p id  w h e n  th e  in te r fe r in g  d a ta  ra te  is less th a n  th e  w a n te d  d a ta  ra te  (i.e . sm a ll in  
re la t iv e  b a n d w id th ) .  •

D e ta ils  o f  th e  m e a s u re m e n ts  a re  g iv e n  in  § 4 .2  o f  A n n e x  I.

3.1.13 Interference between digital television systems

When digital modulation is used to carry sound or vision signals in 
digitally-coded form, the perceived quality is dependent on the bit-error 
ratio (BER). Bit errors will be caused by the combined effects of noise and 
interference. Unlike the situation with analogue transmission, there is some 
scope for trade-off between the two. N o is e  a n d  i n t e r f e r e n c e  are a p p o r t i o n e d  i n  
order to obtain a reasonable link budget and a reasonable protection ratio, 
l e a d i n g  t o  e f f i c i e n t  u s e  o f  t h e  s p e c t r u m .

The trade-off between C/N and C/I for PSK-type digital modulation has 
been explored in [Newland, 1988]. The effect of a single or dominant co-channel 
interferer is shown to be similar to that of a sinusoid, and is thus less severe 
than that of the equivalent amount of added Gaussian noise. As the number of 
interferers increase then the effect of the interference closely approaches that 
of the equivalent amount of added noise, as confirmed in [Priestman and 
O'Neill, 1987]. The results can be extended to take account of adjacent-channel 
interference if appropriate account is taken of the channel filtering.

As an example of possible trade-off between C/N ar.d C/I (co-channel 
protection ratio),. Table XIV gives typical values with the following conditions.

- digital modulation is a 2 bit /Hz system

- equivalent noise bandwidth: bit rate/2

- required BER = 10 ^

- margin (including channel impairment effect) = 1.5 d3

contribution of adjacent channel interference = 1 d3
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T  12.

C/N (dB) C/I (d3)

16 22
17 19 . 5
18 13
20 16 . 5
22 16

Further study of the use of convolutional coding [CCIR, 1986-90a] has 
demonstrated by experiment that the use of Viterbi decoding can result in an 
even greater tolerance of mutual interference. For example, with a code having 
rate 1/2 and constraint length 6, the degradation caused by a single interferer 
of C/I = 10 dB is equivalent to a loss of only 1 dB in C/N, even for a BER of 
10'2. The distinction between single/dominant and multiple interferers remains; 
multiple interferers should be treated as additive noise.

3.1.14 Protection ratio for HDTV and conventional television systems using
modulation in the planned 12 GHz band

Tests were made in the framework of the EUREKA-95 project.

The results of this test have been obtained with the first experimental 
HDTV chain in 1989 using the French TDF-1 satellite as well as a satellite 
simulator [CCIR, 1986-90b].

Measurements of first adjacent channel (±19.18 MHz) and co-channel 
interference levels giving just perceptible impairment on vision have‘been done 
in the two following configurations;

—  HDMAC interfering with HD-MAC;

—  HDMAC interfering with the reference WARC-77 system (SECAM with a 
sound subcarrier).

An approach known as the method of limits was used during these channel 
interference studies. This method involves reducing the level of interference 
progressively downwards, from an obviously perceptible level, past the point 
where it becomes invisible, and then increasing the level past the point where 
it re-appears. Subjects are asked, at various stages, to record whether the 
impairment is visible or not. Seven levels are chosen around the estimated 
threshold. The visibility threshold is the mean between the last visible level 
(decreasing threshold) and the first one (increasing threshold).
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From these tests, the following preliminary conclusions can be drawn:

- When the wanted signal is the WARC reference signal, then the minimum 
protection ratios required by the WARC-BS 77 Plan are met with a margin 
greater than 9 dB. The HD-MAC signal is not more critical than a 
conventional MAC signal.

- Two HD-MAC signals can co-exist in the WARC-BS 77 broadcasting Plan.
An HD-MAC receiver, using a WARC reference filter (4th order Butterworth 

with a 3 dB bandwidth of 27 MHz), would not perform adequately with regard to 
the rejection of incoming interference from other "conventional" WARC signals. 
However, a SAW filter was incorporated in the receiver to obtain the adjacent- 
channel protection ratios shown in Table XV, without compromising other aspects 
of receiver performance.

Tests were made in Japan in 1989 [CCIR, 1986-90c].

Protection ratio measurements were made between two MUSE signals and 
between MUSE and a 525-line M/NTSC signals.

The results of these tests indicate that the co- and adjacent-channel 
protection ratios for interference between MUSE and M/NTSC, and between two MUSE 
signals met the technical criteria for the planning of the BSS in the 12 GHz 
band, with sufficient margins.

The results of both the MUSE and HD-MAC measurements are given in Table XV.
Note that some of the parameters used in both the MUSE and HD-MAC testa are 

interim values from Recommendation 710 which can be used until values 
recommended in the table itself become technically feasible.

Moreover, neither test included "bench-mark" comparisons with 
conventional television, as discussed below in sections 3.1.5 and 3.1.6 of this 
Report. Therefore, the results of the new tests should be considered as 
preliminary.

TABLE XV - Results of measurements of protection ratios for just-perceptible 
interference involving certain HDTV and conventional 

television systems

Wanted signal 
(test slides) .

Unwanted signal
Channel protection ratios (dB)

Note
Lower 

adj acent*
Co­

channel
Upper

adjacent*
NTSC SMPTE #1 MUSE 10 18 11 1)

SMPTE #14 12 19 12
MUSE "Fruits" NTSC 8 18 8 1)

"Congress hall" 7 20 11

MUSE "Fruits" MUSE 9 24 8 1)
"Congress hall" 8 24 9

HDMAC HDMAC 6 22 7 2)
3)

SECAM HDMAC 11 25 11 2)

* Adjacent-channel frequency spacing: ±19.18 MHz.
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1) The significant viewing conditions were as follows:

'
MUSE . M/NTSC digital 

subcarrier system

Test pictures Wanted signal 

Unwanted signal

test slides * 
Fruits
Congress-Hall 

Colour bar

Test slides 
SMPTE #1 
SMPTE =14 

Colour bar

Ratio of viewing 
distance to picture 
height

3
■

6

Picture monitor 30" RGB monitor 20" NTSC monitor

Peak luminance on 
the screen (cd/m )

70 70
.

Ratio of the luminance of 
the screen when displaying 
only black level in a 
completely dark room to that 
corresponding to peak white

Approximately 0.01 Approximately 0.01
i

Room illumination low low

Grading scales Five-grade 
impairment scale

Five-grade 
impairment scale

Observers 12 Non-experts '12 Non-experts

* Compositions of these slides are similar to those of SMPTE 
test slides #1 and #14.

2) Tnc significant viewing conditions were as following :

- Viewing distance : 3 H
- Peak luminance : 80 C d /m ^
- Contrast ratio : 30:1
- Monitor: 1250/50/2
- Display tube : Shadow mask, 77 cm diag.

S ix  expert observers were used for all the tests.

The electronic picture transmitted on the unwanted channel has 
been specially built to be theoretically as critical as possible 
(electronic grid pattern for HDMAC interfering with HDMAC).

3) For the co-channel measurement, the slide "BOATS" was used as the
wanted signal while for the adjacent-channel measurements, the 
slide "CIRCUS" was used as the wanted signal.

4) For these measurements the slide "BOATS" was used as the wanted 
signals.
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3.2.1 Interference to frequency-modulation television signals

Measurements have been carried out by the TDF for interference to a frequency-modulated 
television signaL from a frequency-modulated sound multiplex signal and a PSK-telephony signal. The 
results concerning only the co-channel protection ratio, PR q, are the following:

3.2 In te r fe re n ce fro m  other types o f  signa l

Wanted signal FM-TV

Interfering signal FM-sound multiplex
4-PSK telephony

32 Mbit/s 52 Mbit/s

Co-channel protection ratio 
(PR o)(dB )

27 19 19

More information on the characteristics of the signals is given in § 4.1.1 of Annex I and in 
.[CCIR, 1974-78b].

3.2.2 Interference to AM -VSB  signals

Measurements of multiple audio channels interfering into AM-VSB television, system M /N TSC, 
were made by the USA. From these tests, where the interfering signals were limited to the frequency band 
1 to 3 MHz above the vision carrier, it was concluded that a protection ratio near 50 dB is indicated.

More detailed information is given in Annex I, § 1.2.

3.3 Deviations from  the reference case

Based on the information given in Annex I, the effects of several deviations from the reference case (see 
Recommendation 600) can be quantified and qualified as described below.

3.3.1 Viewer expertise

The relationship between expert and non-expert viewers has been examined for the 525-line system 
M /N TSC amplitude-modulation vestigial-sideband protection ratio against barely perceptible frequency- 
modulation interference. The expert viewers were found to require 2 to 4 dB greater protection ratio (see 
Annex I, § 1.1). For other wanted and unwanted signals, the relationship may be different and should be 
determined by experiments.

3.3.2 Deviation o f  the main carrier by the sound sub-carrier

Tests carried out by the BBC for interference between two frequency-modulation television signals, 
system I/PA L, indicate that a slight reduction of adjacent-channel protection ratio can be achieved by 
reducing the deviation on the main carrier caused by the sound sub-carrier (from a value o f ±  2.8 MHz). 
Tests carried out in Japan for interference between two frequency-modulation television signals, 
system M /N TSC, showed that the presence of 1 or 2 sound sub-carriers has a negligible effect on the 
protection ratio.

3.3.3 Scanning synchronization

If the line-scanning frequencies of the wanted and the unwanted transmissions are not frequency- 
locked, the protection ratio is likely to be slightly higher than the reference condition.

3.3.4 Picture type

M e a s u r e m e n ts  in the United States of America [CCIR, 1982-86b] indicate that a decrease 
of 5 to 6 dB in the measured co-channel protection ratio might result from using typical programme 
material in place of reasonably critical still scenes.

3.3.5 Modulation index

Increasing the modulation index reduces the co-channel protection ratio for two frequency 
modulation signals as given by equations (la) and (lb). To com pare co-channel protection ratios measured 
at peak deviations different from the reference case with those measured at the reference case (12 M Hz/V) 
the measured values should be modified by an additive correction constant of 20 log Dv/ 12, where Dv is 
the peak-to-peak frequency deviation in MHz.



574 R e p .  6 3 4 - 4

This correction applies approximately to VSB-AM signals affecting FM signals, but a smaller 
correction applies when FM signals affect VSB-AM signals (see examples in T a b le  x v n  o f  A nnex  i ) .  i t  
does not apply when appreciable frequency offsets exist.

3.3.6 Pre-emphasis

In the case of interference to an amplitude-modulation, vestigial-sideband system from a frequency- 
modulation system, the co-channel protection ratio decreases by 1.0 dB if pre-emphasis is not used on the 
interfering signal. To compare with measurements made at the reference conditions, the measured 
protection ratios, in this case, should be modified by an additive constant of 1.0 dB. In the case of 
interference between two frequency-modulation systems, pre-emphasis has negligible effect on the co­
channel protection ratio whereas for the adjacent channel a somewhat higher carrier offset is required to 
reach the same protection ratio when no pre-emphasis is used.

3.3.7 Energy dispersal '

In the case of interference to an amplitude-modulation vestigial-sideband system from a frequency- 
modulation system the use of energy dispersal reduces the co-channel protection ratio by 1.5 dB per MHz 
o f peak-to-peak deviation caused by energy dispersion. To compare measurements made with energy 
dispersion to measurements made at the reference conditions, the measured co-channel protection ratio, in 
this case, should be modified by a constant o f 1.5 dB/M Hz.

3.3.8 Small carrier frequency offset

Generally the protection ratio is constant near zero frequency offset. In some cases variations are 
introduced by the susceptibility to interference of some components o f the signal, such as the colour 
sub-carrier.

3.3.9 Effects o f noise

Some administrations feel that system planning could take account of the masking of interference 
by random noise. In this case, a lower value, PR\ o f protection ratio could be adopted. If the peak-to-peak 
luminance signal-to-r.m.s. weighted-noise ratio is S /N ,  results obtained for 525-line system M suggest that:

PR\ =  PRo -  (49 -  S / N ) for S / N  < 49 dB
PR\ =  PRo for S / N  > 49 dB (2)

where PR0 is the protection ratio under the reference conditions (see Recommendation 600). Other
adm inistrations have obtained results where the presence of noise tends to raise the required protection
ratio. Data for the effects o f noise are given in § 1.1.1.3, 1.1.1.4, 1.3, 3.1 and 3.3 of Annex I.

M e a s u re m e n ts  in the United States of America [CCIR, 1982-86b] show the effect of both 
interference and noise on the co-channel protection ratio. The combined effect of interference and the 
system signal-to-noise ratio determine the protection ratio for a specified grade of service. Details of the 
measurements are given in Annex I, § 3.1.7.

Tests were performed in Canada on the impairment due to noise and interference to determine the 
validity of the law of addition of impairment units. The results show that the law of addition gives slightly 
lower calculated values of opinion score than the observed values, to a maximum difference of 0.3. Details 
are given in Report 405.

3.3.10 Viewing condition

Most protection ratio measurements have been carried out using a ratio o f viewing distance to 
picture height of 4 to 6, in accordance with Recommendation 500. M e a s u r e m e n ts  carried out in 
Japan [CCIR, 1978-82a], where a viewing ratio of 1 to 1.5 was used, resulted in a protection ratio of 38 dB 
for just perceptible interference between two frequency-modulation TV-signals, system M /NTSC.

More detailed inform ation on these tests is contained in § 3.1, § 4.1.2 and 4.1.3 of Annex I.
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Co-channel protection ratios have been measured by the TDF for the interference to a frequency- 
modulated sound multiplex signal from a frequency-modulated television signal, a PSK-telephony signal and a 
frequency-modulated sound multiplex signal. The results obtained are the following:

4. Interference to a sound multiplex from other signals

W anted signal FM -sound m ultiplex

Interfering  signal FM-TV
4-PSK telephony

FM -sound m ultiplex
32 M b it/s 52 M b it/s

C o-channnel protection 
ratio ( PRo ) (dB)

19 18 18 25

Adjacent-channel protection ratio tests have now to be completed. More information on these measurements is 
shown in § 4 of Annex I.
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RESULTS O F PR O T E C T IO N  RA TIO  TESTS

This Annex summarizes protection ratio data obtained by several administrations for television involving 
both frequency modulation and amplitude modulation by video signals in formats M /NTSC, B/PAL, G /PAL, 
D /PAL, I/PAL. K/SECAM  and L/SECAM. It also provides data on a sound multiplex system and digital 
telephony systems used in protection ratio measurements. T a b le  xvi may be used as a guide to the contents of 
Annex I.

1. Interference to an amplitude-m odulation, vestigial-sideband television signal

1.1 In terferen ce to  an a m p litu d e  m o d u la tio n , ve s tig ia l s id e b a n d  te lev is io n  s ig n a l f ro m  a  fre q u e n c y  m o d u la tio n
television  s ig n a l

1.1.1 525 -lin e  sy s te m  M /  N T S C

The following data are based on the preliminary results of tests conducted in the USA and 
in Japan [Kaneda, 1972], System M was used for both the frequency-modulation and the amplitude- 
modulation, vestigial-sideband colour television signals.

1.1.1.1 C o -ch an n el p ro te c tio n  ra tio

In the subjective assessment of the co-channel protection ratio of AM-VSB television signal against 
interference from the FM-television signal, the salient conditions used for the measurements made in Japan 
are the following:
— Signal-to-unweighted noise ratio of video signal used is not less than 42 dB.
•— Picture slides of SMPTE Nos. 1 ,9 , 14 and colour bar signal are used.
— Number of observers is 24 including 12 experts.
— Viewing distance is six times the picture height.

1.1.1.2 P ro tection  ra tio  a s  a  fu n c tio n  o f  carrier-freq u en cy  o ffse t

Tests performed by the USA and reported in § 1.1.1.2, 1.1.1.3, 1.1.1.4 used the following test
conditions. The protection ratios measured were for just perceptible visual interference. Audio-frequency
interference was not evaluated. The picture tube diagonal was 38 cm (15 in.). Viewing distances ranged 
from 135 to 165 cm (4lA to 5Vi feet). The centre of the viewed picture was at the viewer’s eye level, and the 
maximum side-viewing angle was 30°. Light measured during peak white luminance was approximately 
20 foot-candles (200 lux). The light from the area surrounding the picture tube measured approximately 0.1 
foot-candles (1 lux). The wanted amplitude-modulation, vestigial-sideband signal carried “off-the-air” 
programme material. The interfering frequency-modulation signal carried various stationary test signals 
and used a peak-to-peak frequency deviation of 18 MHz. The modulating signal polarity was such that the 
deviation produced by synchronizing pulses was towards lower frequencies. No pre-emphasis was used 
with the frequency-modulation signal.

The amplitude-modulation, vestigial-sideband protection ratio against frequency-modulation inter­
ference is shown as a function of the carrier-frequency offset in Fig. 2 from [Miller and Myhre, 1970]. The 
amplitude-modulation, vestigial-sideband signal-to-random noise ratio for these tests was 49 dB (weighted). 
The judgments of just perceptible interference were made by a single expert viewer.

The curves of Fig. 2 show that interference from still scenes is more easily perceived than 
interference from scenes with motion. The shaded area in Fig. 3 encompasses the data from the individual 
test curves and indicates the upper and lower limits of the amplitude-modulation, vestigial-sideband 
protection ratio. To guarantee no perceptible interference from both still and moving scenes, a protection 
ratio exceeding the upper boundary of the shaded area in Fig. 3 should be used.

ANNEX I . _
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TABLE XVI — Index to  the pro tec tion  ra tio  m easu rem en ts g iven  in this A nnex

577

Section System W anted Interferer T est/In te rfe ren ce  condition A dm in istra tion

1.1.1.1 M /N T S C AM -VSB FM -TV C o -c h a n n e l/ 
Just perceptib le

Ja p an

1.1.1.2 M /N T S C AM -VSB FM -TV Frequency o ffse t/ 
Just perceptib le

USA

1.1.1.3 M /N T S C AM -VSB FM -TV Function  o f  AM -VSB S / N USA

1.1.1.4 M /N T S C AM -VSB FM -TV Just percep tib le  
(E x p ert/n o n -ex p e rt)

USA

1.2 M /N T S C ,
K /S E C A M ,
G /P A L

AM -VSB M ultiple
sound

C o -c h a n n e l/ 
Just percep tib le

USA,
USSR

1.3 I/P A L AM -VSB FM -TV C / I  i m p a i r m e n t /  
c o - c h a n n e l

BBC

1.4 G /P A L AM -VSB FM -TV C o -c h a n n e l/ 
Ju st perceptib le

IR T

1.5 L /S E C A M AM -VSB FM -TV C o -c h a n n e l/ 
Just percep tib le

T D F

1.6 K /S E C A M ,
B /P A L ,
M /N T S C

AM -VSB FM -TV PRo ca lcu la tion  fo r AM -VSB USSR

' 1.7 G /P A L ,
L /S E C A M

AM -VSB FM -TV F requency o ffse t/ 
Ju st perceptib le

(E uropean)

2.1 M /N T S C FM -TV AM -VSB Frequency 
offset, co -c h a n n e l/ 
Just percep tib le

USA

2.2 K /S E C A M FM -TV AM -VSB (D etails in § 5) U SSR

3.1.1 M /N T S C FM -TV FM -TV Frequency o ffse t/ 
Ju st percep tib le

USA

3.1.2 M /N T S C FM -TV FM -TV Frequency o ffse t/ 
Ju s t percep tib le

C a n ad a

3.1.3 M ixed M /N T S C , 
PAL, SECA M

FM -TV FM -TV C o -c h a n n e l/ 
Just percep tib le

Ja p an

3.1.4 M /N T S C FM -TV FM -TV C o -c h a n n e l/
Just percep tib le  (1.5 p icture 
height)

Ja p an

3.1.5 M /N T S C FM -TV FM -TV C/I impairment/ 
c o - c h a n n e l

USA

3.1.6 M /N T S C FM -TV FM -TV C o-channel interference^ 
ad jacen t channel 
in terference, noise, 
m ultip le  interference, 
noise an d  interference

C a n ad a

3.1.7 M /N T S C FM -TV FM -TV C o-channel in terference, 
ad jacen t chdnnel 
in terference, noise, 
m ultip le  in terference 
noise and  in terference

USA
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TABLE XVI (continued)

Section System W anted Interferer T est/In te rfe ren ce  condition A dm inistration

3.2 B /P A L , G /P A L ,
I/P A L ,
L /S E C A M

FM -TV FM -TV Frequency offsets 
(W A RC -B S-77 tem plate)

(E uropean)

3.3 W ide dev iation  
FM sound

Same C o -ch an n e l/ 
Just perceptib le

BBC

4.1.1 PAL FM -TV FM sound 
m ultiplex

T D F

4.1.2 M /N T S C FM -TV FD M -FM
m ultiplex

Ja p an

4.1.3 M /N T S C , ' 
D /P A L

FM -TV D igital TV, 
da ta

Frequency o ffse t/ 
Just perceptib le

USA, C hina 
(People’s 
R epublic of)

4.2.1 M /N T S C D igital TV FM -TV F requency o ffse t/ 
Just perceptib le

USA

4.2.2 M /N T S C D igital TV D igital TV, 
d a ta

F requency o ffse t/ 
Ju st percep tib le

USA

4.2.3 M /N T S C D igital d a ta D igital TV Frequency o ffse t/ 
Ju st percep tib le

USA

5. K /S E C A M FM -TV CW Frequency o ffse t/ 
Ju st perceptib le

U SSR

K /S E C A M FM -TV AM -VSB F requency o ffse t/ 
Ju st perceptib le

U SSR

K /S E C A M FM -TV FM -TV Frequency o ffse t/ 
Just percep tib le

USSR

K /S E C A M FM -TV FM -TV S / N  versus protection  ratio , 
co -ch an n e l/
Just percep tib le

U SSR

6. TTC interference considera tions (p ro tection  o f  TV signals)

n . D iscussion o f  results

T able x v ii  shows the summary o f co-channel protection ratios for just perceptible interference. It 
appears to be in fairly good agreement with the data described in § 1.1.1.2.

TABLE X V II -  Summary o f  co-channel protection ratios

'W anted signal: am plitude-m odulation vestigial 
sideband television 

^Unwanted signal: frequency-modulation television

W anted signal: frequency-modulation television 
Unwanted signal: am plitude-m odulation 

vestigial sideband television

D v 0 )  

(MHz)

i
For just perceptible 

interference level 
(dB)

For impairment 
grade 3.5 

(dB)

A .0)
(MHz)

For just perceptible 
interference level 

(dB)

For impairment 
grade 3.5 

(dB)

8 52 46 8 36 28

16 49 42 16 30 24

24 48 43 20 28 22

(0  D v is the peak-to-peak frequency deviation o f the frequency-modulation television signal.
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More recently, tests were performed by the USA [Barnes and Miller, 1978]. This series of tests 
examined a wide range of parameters for system M /NTSC wanted and unwanted signals. The parameters 
included: frequency offsets, 12 and 18 MHz peak-to-peak frequency deviations for frequency modulated 
signals, three and four section receiver filters, several test slides and colour bars as the wanted signal, and 
pre-emphasis for the frequency modulated signals. Because of the extensive number of tests, a single expert 
viewer was used to make judgments of just-perceptible interference. But, other test conditions were as in 
Recommendation 600. For the case of amplitude-modulation, vestigial sideband television, with FM inter­
ference, the measured co-channel protection ratios were 55 dB. This compares to 50 dB for the earlier 
measured results reported in this section. This difference is attributed to the change in wanted picture 
content and the use of pre-emphasis in these tests. It is concluded that the reference case test conditions as 
per Recommendation 600 produce higher measured protection ratios than the earlier test conditions 
reported in this section.

1.1.1.3 Protection ratio as a function o f the signal-to-noise ratio

The amplitude-modulation, vestigial-sideband protection ratio against just perceptible frequency- 
modulation interference is shown in Fig. 4 as a function of the output picture signal-to-weighted noise 
ratio on the am plitude-modulation, vestigial-sideband television system [Miller and Myhre, 1970]. The data 
used in Fig. 4 is from tests with off-the-air programming on both the amplitude- and frequency-modulation 
systems. For signal-to-noise ratios of less than 45 dB the average protection ratio, as shown in Fig. 4, may 
be expressed by:

P-am/ fm — S ( N \vtd +  ~ dB (3)

60

20 30 40 SO
Signal-to-noise ratio 

in amplitude-modulation, 
vestigial-sideband channel (dB)

Carrier frequency offset: 0.5 MHz 

Peak-to-peak frequency deviation: 18 MHz

Protection ratio for just perceptible Interference: 34 observations by one 
expert viewer, averaged at each value of signal-to-nolse ratio (S/N)

S / N  = Whlte-to-blanking voltage

R.m.s. noise voltage in 4.2 MHz (WTD) 

No pre-emphasis on frequency-modulation system

FIGURE 4 — Protection ratio for an 
amplitude-modulation, vestigial-sideband 
system as a function o f signal-to-noise ratio 
in the amplitude-modulation, vestigial- 

sideband channel
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The ranges of the test data at the various signal-to-noise ratios are shown by the vertical lines 
through the curve in Fig. 4. Changes in programme material during the tests account for most of the 
variations in the test data. The interference is more easily perceived in dark-coloured areas than in 
light-coloured areas. Pictures having large areas of uniform colour show interference more readily than 
scenes with multi-coloured detail. To guarantee no perceptible interference for varied programme material 
on both systems, an amplitude-modulation, vestigial-sideband protection ratio exceeding the upper limits 
of the data should be used. In this case the protection ratio for signal-to-noise ratios less than 45 dB would 
be expressed by:

R - A M  F M  = S / N WTJ) + 7 dB (4)

1.1.1.4 Protection ratio tests with many viewers ,

The amplitude-modulation, vestigial-sideband protection ratio against just perceptible frequency- 
m odulation interference is shown in Fig. 5 for tests with a total o f 30 viewers. Each viewer witnessed a 
random sequence of test scenes having different ratios of wanted-to-unwanted signal power. The viewers 
were asked to judge only whether or not they could perceive any interference in the picture. The 
amplitude-modulation, vestigial-sideband picture was “off-the-air” programme material. The interfering 
frequency-modulation signal was either a kitchen scene, colour bars, the white window, or “off-the-air” 
programme material. The curve in Fig. 5 is the average of the percentage readings for the four different 
modulating signals on the frequency-modulation system. The ranges of the percentages over the four tests 
are shown by the vertical bars. At a given power ratio, the percentage of viewers perceiving no interference 
is a function of the amplitude-modulation, vestigial-sideband programme material. As in the tests with a 
single expert observer, still scenes with dark areas or with large areas of uniform colour required a greater 
power ratio to cause the interference to be imperceptible. Test conditions were:

AM-VSB signal-to-noise ratio: 46 dB (weighted)

Carrier-frequency offset: 0.5 MHz.

Of the 30 viewers, 3 were expert viewers. There were 3 female and 27 male viewers.

off
FIG U RE 5 — Percentage of viewers 

perceiving no interference, as a function of  
the protection ratio R am/fm

On the basis o f these limited tests, the amplitude-modulation, vestigial-sideband protection ratio, 
such that 50% of the viewers will perceive no interference, is given by the following expression:

R-a m / f m  — S / N  WTD dB (5)
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The expert viewers used to obtain the barely perceptible interference test results shown in the 
figures were administered this same test. For these expert observers to perceive noi interference, the 
measured amplitude-modulation, vestigial-sideband protection ratio is given by the following expression:

R - . 4 M / F M  ~  S '  N W T  D +  4 dB (6)

These results indicate the expert viewers used in the other tests to be 4 dB more critical than the 
group of 30 viewers.

Equations (3) and (6) are based upon two different impairment criteria, and consequently are not 
directly comparable. Equation (3) expresses the protection ratio measured for an expert observer to notice 
just perceptible interference, while equation (6) expresses the protection ratio measured for expert 
observers to perceive no interference.

1.2 Interference to amplitude-modulation, vestigial sideband television from  multiple sound channels

Tests were performed in the USA [CCIR, 1978-82a]' with AM-VSB television as the wanted signal and 
multiple sound channels as the interference. Test conditions were in accordance with Recommendation 600. The 
wanted signal was system M /N TSC, AM-VSB television with a signal-to-noise (unweighted) ratio of 40 dB. 
N arrowband frequency modulated sound channels with 20 kHz peak deviation and wideband channels with 
75 kHz peak deviation were used as the interfering signals. The sound channels were placed in the frequency band 
between 1 and 3 MHz above the vision carrier. Subjective evaluations of television impairments were made by 
four expert viewers and five non-expert viewers. The viewers determined the protection ratios RAm, fm> the ratio of 
wanted AM-VSB carrier power at sync, peak to total average power in all interfering sound channels for just 
perceptible interference. The results of the tests are shown in T a b l e s  X V II I  a n d  X IX .

TABLE X V II I  -  Protection ratios ( R f or  perceptible interference 
on AM - VSB television with narrowband FM  sound channels interfering

Number o f 
sound channels

N

Spacing 
between channels

(kHz)

Ram /fm (dB)

Broadcast television programme
Philips 

slide No. 14
SMPTE 

slide No. 1

A B C B B

2 50 45-52(1) 44-50(1) 39-46(1) 47-53(1) 48-57(1)

4 50 47-56(1) 46-54(1) 42-49(1) 50-55(1) 51-56(1)

10 50 50-53(0 50-53(1) 43-46(1) 50-54(1) 52-53(1)

20 100 50 50 46 50 49

40 50 53 52 49 50 48

*  o  _  ^  S Y N C  PK A v )  A M  -  VS B
k a m i f m  —  jy-----------------------------

i = 1

(i) Measured values occurred in range shown. RAM/FM varied with exact location o f channels within the 2 M Hz bandwidth.

A: averaged over 4 expert viewers, sound carriers unm odulated

B: averaged over 4 expert viewers, sound carriers m odulated with a 400 Hz sine wave

C: averaged over 5 non-expert viewers, sound carriers modulated with a 400 Hz sine wave.
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TABLE XIX -  Protection ratios (Ram /fm)*  f or perceptible interference
on AM - VSB television with wideband sound channels interfering

(Philips slide No. 14 on AM-VSB channel)

Number o f , 
sound channels 

N

R AM/FM (dB)

A B

2 44-46(1) 43-53(1)

4 46-53(0 44-51(1)

10 49 46

»  D  _  ( P s Y N C  PK a y ) A M - V S B
K A M I F M  ~  >

■ X  (Ri ) f «i = 1

()) M easured values occurred in range shown. Ram/ fm varied with exact location o f channels within the 2 M H z bandwidth.

A: averaged over 4 expert viewers, sound carriers unmodulated.

B: averaged over 4 expert viewers, sound carriers modulated with 15 kHz sine wave.

Based upon this series o f tests, one may conclude:

— protection ratios near 50 dB are indicated for system M /N TSC, AM-VSB television with multiple, interfering,
frequency-modulation sound channels, where the interference is from either narrowband or wideband sound 
channels. There is a slight reduction in the measured protection ratio for wideband interfering sound channels 
compared to narrowband interfering channels.

— the test data support the hypothesis that the total power from a large number of interferers has essentially the
same effect as that same am ount of power from a single interferer.

— there is a slight reduction in protection ratio (1 to 3 dB) when modulation is applied to the interfering
channels.

Studies of protection ratios for a similar case of interaction between a wanted signal and interference were 
carried out in the USSR [CCIR, 1978-82b] for M /N TSC, G /PA L  and K /SEC A M  colour television systems. The 
measurement conditions were in keeping with the provisions of Recommendation 600. The observers taking part 
in the tests totalled 46 persons and included both experts and non-experts. The test pictures used were a real 
television program and slide SMPTE No. 14. The ratio of signal-to-unweighted noise in the television channel was 
taken as 40 dB. The interference applied ranged from 1 to 40 unmodulated or frequency-modulated carriers. The 
carrier frequency modulation was effected by a 1000 Hz sine wave; the peak-to-peak carrier deviation was 40 kHz 
and the frequency spacing between adjacent carriers was 50 kHz.

The protection ratio for all cases was determined for the interference perceptibility threshold (grade 4.5 on 
the CC IR  impairment scale).

In the test process, it was established that the relations between permissible protection ratios and the 
number of interfering signals for the three colour television systems studied were sufficiently close (deviation of 
measured values not in excess of 1 dB) to permit representation of the final test results as unified curves for all 
three systems.

These results are presented in Figs. 6a) and 6b) to show the relationship between the permissible protection 
ratio for the sum of narrowband interfering signals (R j) and for a single (from the given sum) interfering signal 
(/?,) both as a function of the number of interfering signals for unmodulated and frequency-modulated interfering 
signals respectively.
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Number of sound channels, N

a) Sound carrier unmodulated

0 1 10 20 30 40

Number of sound channels, N

b) Sound carrier modulated

FIGURE 6 -  Protection ratios R , and R ^for just perceptible interference on AM-VSB television 
with narrow-band FM sound channels interfering

Curves A: SMPTE slide No. 14
B: broadcast television programme

„  (Ps YNC PK A v) AM- VSB D _  (Ps YNC PK Av) AM- VSB

*' 7FJFU ' 2j  (Pi)fm
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The upper curves for RT and /?, in these diagrams were obtained for the SMPTE No. 14 test picture, while 
the lower curves relate to the real television programme. .

The following conclusions may be drawn from the results obtained:

-  the effect of interference in the form of multiple narrowband FM signals on an AM-VSB television signal is 
roughly the same for the various colour television systems and is most perceptible when the interference falls 
within the luminance signal transmission band;

-  the admissible protection ratio for the total interference is reduced with an increasing number of interfering 
signals; this reduction is greater when the number of interfering signals rises from 1 to 10;

-  the removal of modulation from the carriers of the FM interference yields a slight increase in the protection
ratio for the total interference (not more than 1.5 dB) when N > 10 and a considerable increase (up to 3
to 4 dB) when N  < \0.

1.3 625-line system I / PAL

Figure 7 gives a summary of subjective tests performed by the BBC [Brown, 1971a]. The wanted
am plitude-m odulation, vestigial-sideband signal was modulated by a still picture of books, a box and silverware,
and had a luminance-to-weighted-noise ratio of 43 dB. The interfering frequency-modulation signal was modulated 
by a colour bar using a nominal peak-to-peak deviation of 8 MHz, pre-emphasis according to curve B of 
Recommendation 405, and no energy dispersal.

e<o
E
5  3

CL. □

& r

D ^ 's  n .p n /

•2 58 54 50 48

Protection ratio (dB)
42

FIGURE 7 -  Grade o f impairment caused by a combination 
o f random noise and co-channel interference, present 

simultaneously

; greater than 39 dB 

; 35 to 39 dB Inclusive 

: less than  35 dB

signal -to-unwelghted 
noise ratio (dB)

Figure 7 refers to video signal-to-unweighted-noise ratios; for weighted-noise (system I weighting) the 
numerical value is increased by 6.5 dB.

The results suggest that if the wanted signal has a signal-to-noise ratio o f 36.5 dB, noise unweighted, or 
43 dB noise weighted, a working protection ratio o f 53 dB would cause a change of grade from less than 2.0 (in 
the case of an unweighted signal-to-noise ratio greater than 39 dB) to about 2.5.

Note. — The scale used is the EBU impairment scale, which is:

Interference Grade

Imperceptible 1
Just perceptible 2
Definitely perceptible, but not disturbing 3
Somewhat objectionable 4
Definitely objectionable 5
Unusable 6

At high signal-to-noise ratios in the BBC tests the protection ratio was 56 dB. It may be noted that from 
the shapes of the curves in Fig. 7, the impairment caused by interference is not significantly masked by the noise.
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Reduction of this protection ratio may be permissible under the following conditions:
-  no pre-emphasis: 1.5 dB reduction;
-  deviation increased from 8 to 12 MHz peak-to-peak: 2 dB reduction;
-  use o f energy dispersal: about 2 dB reduction per MHz of peak-to-peak deviation.

On the other hand, an interfering signal modulation of black level was found to require a higher 
protection ratio (by about 5 dB). Thus, for the reference condition the protection ratio may be taken as 54 dB.

1.4 625-line system G /PAL

The IRT in the Federal Republic of Germany have carried out tests on system B/PAL, which for the 
present purpose can be considered as equivalent to system G /PAL. The signal-to-noise ratio (weighted) was 
approximately 50 dB. The protection ratio was assessed for an impairment grade of 2, on the 6-point scale. At a 
peak-to-peak deviation of 8 MHz for the interfering signal, and with no pre-emphasis, the average value of the 
protection ratio was 59.7 dB. A separate series of tests suggested that, on average, pre-emphasis does not 
significantly affect the results. (This conclusion differs somewhat from the BBC tests, which suggested that 
pre-emphasis may be expected to increase the protection ratio by about 1.5 dB. The difference may be due to the 
different picture content of the interfering signal.)

The observers in this test were all experienced, and the pictures used tended to be fairly sensitive to the 
effects of interference. On the other hand, it must be remembered that the impairment grade corresponded to 
greater impairment than the reference condition. Taking these factors into account, the protection ratio for the 
reference conditions may be taken as about 54 dB (see Recommendation 600).

1.5 625-line system L /S E C A M

The ORTF, in France, [CCIR, 1970-74a and b] investigated the case where the wanted signal is 
system L/SECAM , the interfering signal being PAL. In this case, the impairment grade was taken as 4, on the 
5-point scale. In some separate tests, it was found that for an impairment grade of “just perceptible” (i.e., grade 2 
on the 6-point scale), the protection ratio should be increased by about 5 dB. Using the conversion formula 
suggested in the Annex to Recommendation 500 this suggests that more than 5 dB should be added to obtain an 
impairment grade of 4.5 (5-point scale).

Pre-emphasis was included. The low frequency deviation was 3.8 M Hz/V, so the equivalent value at the 
frequency of zero insertion loss (i.e. 1.5 MHz) would be 13.5 MHz peak-to-peak, and another correction is 
required (see § 3.3.5 of the body of this Report) to obtain results applicable to the reference condition of 12 MHz.

Referring to the reference conditions established in Recommendation 600, the TDF measurements lead to 
the following results:

Measured protection ratio for grade 4: 45 dB '

Allowance to refer results to grade 4.5: +  5 dB 

Allowance to refer results to 12 MHz deviation: 4-0.5 dB

Thus, the Final value of the protection ratio, applicable to the reference conditions, becomes 50.5 dB.

1.6 625-line system K /S E C A M

Studies were carried out in the USSR [CCIR, 1978-1982c; Borovkov and Lokshin 1979], with a view to 
determining the value of protection ratios for AM-VSB television signals for the most widely used colour 
television sytems.

The test conditions were in keeping with those specified in Recommendation 500 and were as follows:

-  wanted AM-VSB picture: colour slides SMPTE No. 14 and Philips No. 8;

-  wanted signal: M /N TSC, G /PA L, K /SECA M ;

-  interfering picture: colour bars;

-  interfering signal: deviation (peak-to-peak) 8, 16 and 22 MHz;

-  assessment scale: 5-grade impairment scale; perceptibility threshold -  grade 4.5 ( Q =  4.5);

-  observers: 40, o f whom approximately half were experts;

-  viewing distance: 6 picture heights;

-  the ratio of the peak-to-peak amplitude of the wanted video signal to the unweighted noise voltage at the 
receiver output was not less than 40 dB;

-  the carrier frequencies of the wanted and unwanted signals were close together so as to maximize the 
perceptibility of the interference;

-  the interfering signal used standard pre-emphasis.
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The dependence of picture impairment on the level of the interfering FM signal obtained for the various 
systems was sufficiently close to be generalized and presented on a single curve (see Fig. 8).

The tests also showed that the dispersal of the energy of an FM interferer by a saw-tooth signal reduces 
the interfering effect, while the advantage obtained from energy dispersal is reduced as the peak-to-peak amplitude 
of frequency deviation is increased, as shown in Fig. 9.

In the general case, i.e., with any value of peak-to-peak deviation of FM interference and of dispersal, the 
following formula (for a picture impairment of Q < 4.5) may be used for calculating the protection ratio of an 
AM-VSB television signal against interference from an FM television signal:

Rq =  Roq — 0-45 (D v — D0y) — Md Ddv for Q  <  4.5 (7)

where

Rq : the required protection ratio, (dB);

Roq: the protection ratio for the frequency deviation Dov taken as reference (determined from the
corresponding curve on Fig. 8);

Ddv: the peak-to-peak amplitude of the frequency deviation due to the dispersal signal (MHz);

Md : a coefficient determined from Fig. 9.

1.7 Frequency offset

If the frequencies of the wanted and interfering signals are spaced by a few MHz, some reduction in 
protection ratio is possible, the difference depending on whether the interfering signal is o f a higher or a lower 
frequency than the wanted signal. Tests by the BBC, IRT and TDF all showed that the protection ratio varies only 
with respect to the frequency spacing. Examples are shown in Figs. 10 and 11 which show results obtained by 
the IRT and TDF respectively (using deviations somewhat greater than the reference condition). Since the spacing 
between terrestrial channels in systems G, I and L is 8 MHz, the best offset which could be used would be that 
giving equal protection ratios at ±  4 MHz about the point of symmetry of the intefering spectrum. Figures 10 and 
11 show that if this is done, the benefit is unlikely to exceed about 3 dB, compared with the case of using no 
offset.

2. Interference to a frequency-modulation television signal from an amplitude-m odulation vestigial-sideband
television signal

2.1 525-line system M /N T S C

Results for this case have been provided by the USA [Miller and Myhre, 1970] and Japan [Kaneda, 1972]. 
In the USA a series o f tests was conducted where a frequency-modulation television signal was placed at the same 
frequencies as an amplitude-modulation, vestigial-sideband television signal. The video output o f a frequency- 
modulation television receiver tuned to the frequency-modulation signal was evaluated for interference. The 
signals used in the tests were the same as those described in § 1.1.1.2 of this Annex, except that the 
frequency-modulation signal was now the wanted signal and the amplitude-modulation, vestigial-sideband signal 
was the interfering signal.

The results of the tests are shown in Fig. 12. The luminance signal-to-weighted noise ratio of the wanted 
picture signal used in these tests was approximately 54 dB. The judgements o f just perceptible interference were 
made by a single expert viewer. Bandwidth of the frequency-modulation receiver was 30 MHz.

The curves of Fig. 12 show that interference from stationary scenes, having large areas of uniform colour, 
is more easily perceived than scenes with motion, as in most off-the-air programming. The shaded band in Fig. 13 
encloses the curves of the measured protection ratios. To guarantee no perceptible interference from both still and 
moving scenes, a protection ratio exceeding the upper boundary of the shaded area in Fig. 13 should be used.

Table x v i i  also shows the results of the subjective assessment test carried out in Japan in the case of 
barely perceptible interference for a wanted FM-TV signal and an unwanted VSB-AM television signal under the 
same conditions as described in this Annex, § 1.1.1.1.

Later tests in the USA [Barnes and Miller, 1978] were made using the guidelines of Recommendation 600 
except as noted in § 1.1.1.2 of this Annex.

‘Table XX summarizes the results.
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FIGURE 8 -  Television picture impairment (AM-VSB signal) as a function o f the level o f the 
interfering FM signal with different peak-to-peak deviation values
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the interfering signal
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F IG U R E  10 — Variation o f  the pro tection  ratio  with respect to frequency  
spacing f o r  system  G /P A L

FIGURE 11 -  Variation o f the protection ratio with respect to frequency
spacing

W anted signal: 

Interfering signal

L/SECAM  colour bars (radlo-frequency level:
60 dB(MV/m))

G /P A L  slide, synchronized scanning

Measured without energy dispersal of the G /P A L  signal

Measured with energy dispersal over 2 MHz of the G /P A L  
signal
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FIGURE 12 -  Protection ratio for a frequency-modulation system as a function o f the carrier-frequency offset
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Difference between amplitude-modulation, 
vestigial-sideband carrier frequency and 

unmodulated frequency-modulation carrier
frequency (MHz) .

FIGURE 13 -  Protection ratio requiredfor just perceptible interference in a frequency modulation television 
system subjected to interference by an amplitude-modulation, vestigial-sideband television system

 (Pav) fm .
(PsYNC PKAv) AM-VSB

TABLE XX -  Measured co-channel protection ratios fo r  ju st perceptible interference, 
system M /N TSC, SMPTE test slide No. 14 as wanted picture

W anted signal Unwanted signal
Co-channel protection ratio 

(dB)

FM , 12 M Hz deviation 

FM , 18 M Hz deviation

AM-VSB

AM-VSB

23(0

19

(i) Average for both four and six section Chebyshev filters.

The measured protection ratio is 4 dB less for 18 MHz deviation than for 12 MHz deviation. This suggests 
that the protection ratio for FM -wanted/AM -unwanted, decreases as 20 log (Dv/ 12), similar to equation (la ) in 
the body of this Report.

2.2 625-line system K / S E C A M

Measurements in the USSR [CCIR, 1970-74c] determined protection ratios for frequency-modulation 
colour and monochrome signals against interference by CW, am plitude-modulation vestigial-sideband, and 
frequency-modulation signals. To facilitate intercomparison of the results of the system K. measurements, they are 
presented separately in § 5 of this Annex.

E 3. Interference between two frequency-modulation television signals

Measurements of interference between frequency-modulated television signals of the types used in the 
TFixed-satellite service and the fixed service are presented in Report 449. Additional measurements for the 

broadcasting-satellite service are given below.
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Tests w ere, conducted in the USA with two frequency-modulation signals operating at carrier 
frequency offsets in the range from - 3 0  MHz to +36 MHz using an experimental arrangement similar to 
that described in § 1.1.1.2 of this Annex. The video frequency output of a frequency-modulation television 
receiver tuned to the wanted signal was evaluated by a single expert observer for just perceptible 
interference when the picture signal-to-weighted noise ratio was 50 dB. The bandwidth of the frequency- 
modulation receiver was 30 MHz. Figure 14 shows the measured protection ratios as functions of carrier 
frequency offset with off-the-air programming on the unwanted signal and various programmes on the 
wanted signal. The curves show that off-the-air programming, when there are scenes in motion, is less 
susceptible to interference than stationary scenes with large areas of uniform colour.

3.1 525-line system  M /N T S C

3.1.1 Two o ffse t fre q u en c y  m o d u la tion  signals, tests in the U nited S ta te s  o f  A m erica

Difference between unm odulated carrier frequency 
(Unwanted system) and unm odulated carrier frequency 

(W anted system) (MHz)

W anted
system

U nw anted
system

Peak-to-peak deviation 

Signal-to-noise ratio (weighted) 

Pre- and de-em phasis

18 M Hz 

50 dB 

, none

18 M Hz 

none

Curve

Program m e m aterial

W anted signal U nw anted signal

A white window ofT-the-air

B colour bars off-the-air

C kitchen scene off-the-air

D off-the-air off-the-air

FIGURE 14 -  Protection ratio for just perceptible interference in a 
frequency-modulation television system subjected to interference by 

frequency-modulation television

RFWFM= f ^ W (Wanted) _
( P a v )  f m  (Unwanted)

The shaded band in Fig. 15 encloses the individual measured protection ratios. To guarantee no 
perceptible interference from both still and moving scenes, a protection ratio exceeding the upper 
boundary of the shaded area should be used.
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Difference between unmodulated carrier frequency 
(Unwanted system) and unmodulated carrier frequency 

(Wanted system) (MHz)

FIGURE 15 -  Protection ratio for just perceptible interference in a
J r cq i ien cy -m n d i t la t io n  te lev is ion  sys tem  s u b je c t ed  to in ter fe ren ce  by 

frequency-modulation television signals

Wanted
system

Unwanted
system

Peak-to-peak deviation 
S/N (weighted)
Pre- and de-emphasis

18 MHz 
50 dB 
None

18 MHz 

None

Later protection ratio measurements for two FM television signals, performed in the USA [Barnes 
and Miller, 1978], were made in accordance with Recommendation 600 as noted in § 1.1.1.2 of this Annex. 
Figure 16 and T a b l e  XXI p r - e s e n t  t h e  r e s u l t s .
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Difference between interfering and wanted signal carrier frequencies (MHz)

a) b) c)

FIGURE 16 -  Measured protection ratios for just perceptible interference in an FM television system for
FM television system interference
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TABLE XXI -  Measured co-channel protection ratios fo r  ju st perceptible interference, 
system M /N TSC, SMPTE test slide No. 14 as wanted picture

W anted signal Unwanted signal Co-channel protection ratio 
(dB)

FM, 12 M Hz deviation 

FM, 18 MHz deviation

FM, 12 MHz deviation 

FM, 18 MHz deviation

3 1 (0

28

(i) Average for both four and six-section Chebyshev filters.

The co-channel protection ratios measured for an FM television signal interfering with another FM 
television signal agree quite closely with, and thus substantiate, prior extrapolations to the reference-case 
conditions. Also, the decrease in FM protection ratio by the approxim ate term of 20 log (/)„/12), as given 
in equation (la ) of the body of this Report, is substantiated by the measurements.

Figures 16a) and 16b) show that offsetting an interfering carrier by 10 to 12 MHz results in a 
15 dB relaxation of the protection ratio. This is improved performance compared to Fig. la) in the body 
of the Report.

3.1.2 Two offset frequency modulation signals, tests in Canada

Measurements were carried out in Canada [CCIR, 1978-82d] for the protection ratio between two 
FM television signals o f 525:line system M /N TSC. Test conditions were according to those specified in 
Recommendation 600. Some of the salient test features and parameters used for the measurements were as 
follows:

— the test method employed the comparison technique where the reference signal impairment was set 
according to the 5 level impairment scale (see Recommendation 500) based on TASO results for 
impairment due to random noise;

— picture slides used were SMPTE Nos. 1 and 14 for the wanted signal;

— split field colour bars were used for the interfering signal;

— 15 observers ranging from non-expert to expert were used;

— no sound sub-carrier was employed;

— no energy dispersal was used;

— pre-emphasis as per Recommendation 401 for system M was used.

A summary of the major results of the co-channel protection ratio measurements is as follows:

— variation of the protection ratio with frequency deviation and impairment level showed good
agreement with that predicted by equation (1);

— variation of the wanted signal to weighted noise ratio over the range 42-50 dB at a constant
impairment level of 4.5 indicated no masking of interference by random noise. In fact results
indicated that at low values of S / N  the protection ratio tends to increase, to maintain the signal at a 
constant impairment level;

— during the measurement programme, it was found that the 4.5 impairment grade as derived from 
TASO results was not equivalent to just perceptible interference. Further tests based on just 
perceptible interference resulted in protection ratios ranging from 5.4 to 8.8 dB higher than those 
obtained for the 4.5 grade TASO.

Results of frequency offset measurements carried out using a 3 pole IF receive filter at an 
impairment level of 4.5 and adjusted by 8.8 dB for just perceptible interference is shown in Fig. 17.

As indicated by this figure, the protection ratio is most sensitive to offset frequencies which are 
multiples of the colour sub-carrier.

Additional measurements using a 4 pole receive filter resulted in a lower protection ratio 
requirement than shown in Fig. 17 for the same value of frequency offset.
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15 - 1 0  - 5  0 5 1 0  15

Frequency offset (MHz)

FIGURE 17 -  Protection ratio as a function offrequency offset with a 3 pole IF filter 
(peak-to-peak deviation o f 8.4 MHz)

^  : SMPTE test slide No. I

—  A  —- : SMPTE test slide No. 14

3.1.3 Frequency modulation signals o f  different systems, tests in Japan

In a study [CCIR, 1974-78a] made in Japan, measurements were made on co-channel protection
ratios between two FM television signals of 525-line system M and between FM television 525- and
625-line system signals under the conditions described as follows:

— polarity of frequency-modulation is such that frequency of black level is lower than that of white 
level;

— receiving bandwidths are 23 MHz for 525-line system M /N TSC signal and 27 MHz for 625-line PAL 
and SECAM signals, respectively:

— peak-to-peak frequency deviations for the video signals of 525-line system and 625-line system are 
12 MHz and 13 MHz respectively;

— there are three cases using television sound sub-carrier(s) for 525-line system M (none, or 4.5 MHz, or
4.5 and 5.05 MHz) and no sound sub-carrier for 625-line television systems;

— characteristics of pre-emphasis of the video signal are those shown in Recommendation 405, 
system M. The same circuit is used for the 625-line system because of unavailability at the time of 
measurement;

— the value of protection ratio used in this document corresponds to just perceptible interference, 
defined as the power ratio of carrier-to-interference at the receiver input when 50% of the observers 
give the grade 4 and the remainder gives grade 5;
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-  SMPTE No. 14 picture slide is used for the wanted signal, and No. 1 for the unwanted signal;

-  ratio of viewing distance to picture height is 6 ;

-  number of observers is 45 including 22 experts.

T a b le  x x i i  shows the value of the protection ratio for just perceptible interference, which is defined
as the power ratio of carrier-to-interference at the receiver input when 50% of the observers give grade 4
and the remainder give grade 5.

From this table, it may be concluded that there is no significant difference between protection
ratios for systems using different television standards. From the measurements reported in [CCIR, 1974-
78b] it may be indicated that the presence of 1 or 2 sound sub-carriers has negligible effects on the 
protection ratio.

TABLE XXII -  Summary o f  measured co-channel protection ratios (dB) between two FM  television signals

W anted signal

525-line 
system M /N T SC

6 25-line 
system L /SE C A M

625-line 
system I/P A L

Unwanted signal
■ Video peak-to-peak f 
1 deviation (MHz) 12 13 13

525-line
system M /N T SC 12

W ithout pre-emphasis 31.5 32 32

With pre-emphasis 31.5 ; 3 i( i) 31 .50)

625-line
system L /SE C A M 13

Without pre-emphasis 31.5

With pre-emphasis 29.5(1)

625-line
system B, G /P A L 13

W ithout pre-emphasis 30.5

With pre-emphasis 29.0(1)

(i) These data are for reference, because pre-emphasis netw ork was used only for system M.

3.1.4 Two frequency modulation signals, tests in Japan

Tests were carried out in Japan [CCIR, 1978-82e] on the interference between two FM television
signals, with monitoring of picture quality in a studio with a ratio of viewing distance to picture height of 
1 to 1.5 (a closer viewing distance than given in Recommendation 600). This resulted in a protection ratio 
of 38 dB for just perceptible interference.

The characteristics of the FM television signals were as follows:
-  deviation by 525-line video signal: 12 MHz peak-to-peak;
-  emphasis: Recommendation 405;
-  energy dispersal deviation: 600 kHz; •
-  4.5 MHz sound sub-carrier deviation: ±  1 MHz.

3.1.5 Protection ratio versus impairment grade tests

Measurements in the United States [CCIR, 1978-82f| have examined the variation in protection
ratio as a function of impairment grade. Subjective evaluations of impairments were made for frequency
modulation interference to another frequency modulation television system. Test conditions were as 
follows:
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Frequency modulated carrier, with system M /N TSC colour signals, with pre-emphasis according to 
Recommendation 405. Frequency modulated sound sub-carrier at 7.4 MHz. 12 MHz peak-to-peak 
frequency deviation (white to sync peak level) with white producing the highest frequency. No energy 
dispersai. Four test slides (SMPTE No. 1 and No. 14, and Philips No. 8 and No. 14) were used as the 
video signals. Video signal-to-noise ratio, 42 dB unweighted.

Interfering signal

Same as wanted signal except that video modulation was programme material with motion. 
Synchronization locked to wanted picture but offset to place vertical and horizontal synchronization bars 
within the visible portion of wanted picture. Sound sub-carrier at 7.6 MHz. Tests were co-channel, with the 
interfering signal at the same frequency as the wanted signal.

Viewing conditions

Consumer quality monitors with 64 cm diagonal screen. Viewing distance Five times picture height. 
Picture brightness and room light controlled. 147 non-expert viewers were used in the tests. Evaluations 
were made using the Five grade impairment scale in Recommendation 500.

Results of the tests are shown in Fig. 18. The curve shows that for the class of observers used in 
these tests, very little improvement in average impairment grade results from increasing C / I  beyond 
25 dB. The average impairment grade obtained for the test scenes with no interference may have been 
limited by the video signal-to-noise ratio used in the tests.

W a n ted  signa l

C/I ratio (dB)

FIGURE 18 -  Impairment grade as a function o f 
carrier-to-interference (C/I) ratio

Data average for:
4 slides 
147 observers

3:1.6 Measurements carried out in Canada

In preparation for the RARC SAT-83, measurements made in C anada addressed different aspects 
o f interference between frequency modulated television signals of system M /N TSC. These tests were made 
with a deviation of 9.52 M H z/V  and a receiver pre-detection Filter with an equivalent noise bandwidth of
22.7 MHz (4-pole Chebyshev type). Pre-emphasis according to Recommendation 405 was used. The test 
slides used for the wanted signal were three of the four suggested in Recommendation 600: girl in a green 
dress, basket of fruit and beach scene. The interference-signal material consisted of unsynchronized off-air 
programmes.
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The test procedures were in accordance with Recommendation 500-2 and Recommendation 600. 
Twenty-seven concerned viewers were subjected to 15 s viewing time separated by 10 s o f 50 IRE Grey 
scale. A concerned viewer is considered to have a relatively broad knowledge of satellite communications 
but is not considered to be an expert viewer. Among the original 27 viewers, 2 were found inconsistent 
and rejected in the analysis o f the results. The 5-grade CCIR impairment scale was used throughout the 
test.

3.1.6.1 Impairment due to noise

Figure 19 gives the results for a picture impaired by thermal FM noise for the average of the three 
slides. The high level of opinion score for the unimpaired picture (top anchor point at an S / N w of 56 dB) 
indicates that the test results are not significantly limited by the instrumentation used. The figure indicates 
that the S / N w ratio corresponding to an opinion grade of 4.5 is 47.3 dB.

35 40  45 50 55 60
“Weighted signal-to-noise ratio (dB)

FIGURE 19 -  Impairment due to noise (average of three slides)

O mean score of three slides 

•  median of three slides
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Figure 20 gives the results for single-entry co-channel interference.T able xx ing ives the relationship 
between opinion score and single entry co-channel C/ l .

3.1.6.2 Im pa irm en t due to co-channel interference

5 10 15 20 25 30 35
Carrier-to-interference ratio (dB)

FIGURE 20 -  Impairment due to single-entry co-channel interference (average o f  three slides)

' o  mean score of three slides

•  median of three slides

TABLE X X II I  — Relationship between opinion score and the mean single-entry co-channel 
* carrier-to-interference ratio fo r  the average o f  the three slides

O pin ion  grade
Single-entry co-channel C / I  

(dB)

4.3 22.2

4.5 24.2

4.7 26.8

4.8 29.0
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A series of tests using a peak-to-peak deviation of 19.04 MHz has shown that, over a large range of 
opinion scores, the protection ratio requirement decreases as the square of the peak-to-peak deviation, thus 
verifying the normalization factor in terms of carrier deviation contained in equations (la )  and (lb ) of the 
present Report.

The subjective tests on aggregate co-channel interference has shown that the law of power addition 
of interferers is not met in all cases. It was found that the impairment level produced by three equal power 
interferers could be obtained from a single interferer with 3 dB to 5 dB larger power with a mean at
3.8 dB for impairment grades between 4 and 5. The power addition would predict 4.8 dB. Nevertheless, the 
law of power addition is believed to be representative of the worst-case interference for multiple interfering 
carriers.

3.1.6.3 Impairment due to adjacent-channel interference

Tests were performed on the effect of aggregate interference from two adjacent channels, one lower 
and one upper. This arrangement of carriers was repeated for an inter-carrier spacing of 13 MHz and 
15 MHz. Figure 21 shows the results of the tests on aggregate adjacent-channel interference for the 
15 MHz spacing.

FIGURE 21 -  Impairment due to aggregate adjacent-channel interference fo r  each slide. 
Two adjacent channels (101) are present, one upper and one low er  , 

which are separated b y  15 MHz from the wanted carrier

O slide 1 
A slide 2 
□ slide 3
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The figure shows that the opinion score remains close to the unimpaired level for high values of 
the C /I  ratio but decreases rapidly at low values of the C / I  ratio. This sudden decrease in opinion score 
for adjacent-channel interference indicates the necessity of retaining a C / I  ratio above the “cliff edge” in 
an operating system.

3.1.6.4 Aggregate adjacent and co-channel interference

Tests were performed on carrier arrangements* 121 and 111 where that ratio of powers between the 
individual interferers (co-channels) and the individual interferers (adjacent channels) was kept constant at 
17 dB throughout the range of C / I  ratios studied and where the carrier spacing was 15 MHz.

Figure 22 gives the results for slide 1, “girl in a green dress” for the 121 carrier arrangement. 
Similar results were obtained for the other carrier arrangement and the other two slides. The figure also 
shows the adjacent-channel interference only and the co-channel interference only for comparison 
purposes.

The figure shows that, at high carrier-to-interference ratio, the opinion score is mostly governed by 
the co-channel interference and that, at low carrier-to-interference ratio, the opinion score is governed by 
the adjacent-channel interference. The change-over between the two types of interference occurs near the 
“cliff edge” of adjacent-channel interference, between 6 to 8 dB for the 15 MHz carrier spacing.

3.1.7 Measurements carried out in the United States o f  America

Measurements were conducted in the United States of America in preparation for the 
RARC SAT-83 which addressed various aspects of interference between frequency modulated television 
signals of system M /NTSC. The tests were generally in accordance with Recommendations 600 and 500-2. 
Tests were conducted at two separate laboratories, each employing slightly different system characteristics 
and procedures. Details o f measurements from both laboratories are contained in [CCIR, 1982-86a], 
Pertinent differences are identified where applicable. Characteristics common to both sets of measurements 
were: 12 M Hz/V  peak-to-peak deviation, viewing distance of 5 times the picture height, critical test slides 
used for wanted signal, video taped programming used for interfering signal and horizontal and vertical 
synchronization bars of the interfering signals were locked in the video portion of the wanted signal. The 

.5-grade CCIR impairment scale was used throughout the tests. Pre- and de-emphasis were used according 
to Recommendation 405.

3.1.7.1 Impairment due to noise -

Figure 23 shows the results of subjective evaluations of impairment grade as a function of 
signal-to-noise ratio with no interference. A simple relationship exists between impairment grade and S / N .  
A 6 dB increase in S / N  results in an increase of approximately one impairment grade level over the 
region of S / N  between 28 and 52 dB weighted for both effects, noise and pre- and de-emphasis. For an 
impairment grade of 4.5, Fig. 23 indicates a value of approximately 49 dB weighted signal-to-noise ratio.

3.1.7.2 Impairment due to co-channel interference

The results of co-channel interference tests are shown in Fig. 24. At an impairment grade of 4.5 the 
C / I  required is approximately 28 dB. Little improvement in average impairment grade is gained by 
increasing C / I  further. Additional tests with a 16 MHz peak-to-peak deviation substantiate the correction 
factor of 20 log (Dv/ \2) ,  where Dv is the peak-to-peak frequency deviation. For the tests, a signal-to-noise 
ratio ( S / N )  of 55 dB, weighted for both noise and pre- and de-emphasis effects, was used.

* The carrier arrangement XYZ means: X carriers below, Y carriers co-, and Z carriers above the wanted channel.
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FIGURE 22 -  Impairment due to aggregate adjacent and co-channel interference 

(Carrier arrangement 121) (A /=  15 MHz)

Slide 1 : Girl in a green dress

□  020: two co-channel interferers

A 101: two adjacent-channel interferers (upper and lower adjacent channels)

O  121: two co-channel and two adjacent-channel interferers

Note. -  Upper horizontal scale on the figure refers to adjacent channel.
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FIGURE 23 -  Impairment due to noise alone for M/NTSC systems 

(No interference, no sub-carrier)

. - ■- median im pairm ent

— —  — mean impairment

FIGURE 24 -  Impairment due to single-entry co-channel interference

A f  = 12 MHz peak-to-peak 

S/N  = 55 dB (weighted)

C/N  = 23.8 dB

-----------  median im pairm ent

_______ mean impairment
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Tests were conducted on measured protection ratios for multiple co-channel FM-TV sources 
interfering with a single FM-TV system. The test results indicate that multiple sources of co-channel 
interference add on a power basis. Therefore, the subjective effect of multiple co-channel FM-TV 
interferers is equivalent to a single FM-TV interferer for the same aggregate carrier-to-interference ratio, 
i.e. when:

C  /  S in g le  =  C  /  I z  multiple

where:

C/I.smgie'- carrier-to-interference ratio for one interferer
C / I i  multiple • aggregate carrier-to-interference ratio for more than one interferer.

The tests showed that over a range of carrier-to-interference ratios between 10 and 25 dB the aggregate 
interfering effect of two and four interferers was within 0.5 and 0.75 dB of power addition, respectively.

3.1.7.3 Impairment due to noise and interference

■ In selecting a suitable impairment grade for system planning, the combined degradation of noise 
and interference must be examined. It is desirable to plan systems which are noise limited rather than 
interference limited (i.e. the noise is the dom inant degrader of the received picture).

Figure 23 shows that in the absence of interference, an S / N  o f 46 dB (weighted) produces an 
average impairment grade of 4.1. Figure 24 shows the effect of interference, when there is virtually no 
noise (S / N  of 55 dB weighted was the best obtainable picture in the test set-up). At a C / I  of 28 dB, a 
mean impairment grade of 4.5 was measured. Figure 25 shows the combined effect of noise and 
interference. At an S / N  o f 46 dB (weighted) and  a C / I  of 28 dB, a mean im pairment grade of 4.0 was 
measured. Figure 25 shows that for C / I  ratios beyond 28 dB very little improvement in the impairment 
grade is possible. In this com bination of noise and interference, the noise is the dom inant contributor to 
the impairment grade reduction.

FIGURE 25 -  Impairment due to single-entry co-channel interference plus noise

A f  = 12 MHz peak-to-peak 

S/N  = 46 dB (weighted)

C/N  = 14.8 dB

   median im pairm ent

— —  — mean impairment



606 R e p .  6 3 4 - 4

Report 405, Annex II, presents a “law of addition” for unrelated impairments. This “law” predicts 
that, for an impairment grade of 4.1 from noise alone and an impairment grade of 4.5 from interference 
alone the resulting impairment grade due to the combined effect of noise and interference would be 3.8. 
This predicted value is somewhat conservative based upon the measured value of 4.0 from Fig. 25. 
However, for system planning at S / N  ratios other than 46 dB (weighted), the “law of addition” of 
impairments does provide a reasonable, although conservative, estimate of total impairment grade when 
used with Figs. 23 and 24.

3.1.7.4 Im p a irm en t d u e  to  a d ja c e n t-c h a n n e l in terferen ce

Figures 26, 27 and 28 show the results of measurements to examine the aggregate effect of 
adjacent-channel interference. Both single and multiple adjacent-channel interferers were investigated. The 
receive filter was a 4-pole Chebyshev type with an equivalent noise bandwidth of 22.5 MHz. The channel 
spacing used was 13 MHz.

Concerning impairment grades of interest (4.0 to 4.5), the aggregate interfering effect from one 
lower and one upper (101) adjacent-channel interferer is 2 to 3 dB worse than power addition when 
com pared to curves for a single adjacent-channel interferer. For the cases of two lower (200) and two 
upper (002) adjacent-channel interferers, the aggregate interfering effect is 3 to 4 dB and 5 to 6 dB worse 
than power addition respectively*. Table xxiv. presents data for each of the seven conditions relating 
aggregate C /7  levels required to achieve a specified impairment grade.

FIGURE 26 -  Impairment due to a single upper adjacent-channel interferer (001) 
separated by 13 MHz from  the wanted carrier

The carrier arrangement XYZ means: X carriers below, Y carriers co-, and Z carriers above the wanted channel
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FIGURE 27 -  Impairment due to aggregate adjacent-channel interference.
Two upper adjacent-channel interferers (002) separated by 13 MHz from  the wanted carrier

FIGURE 28 -  Impairment due to  aggregate adjacent-channel interference.
One upper and one lower adjacent-channel interferer (101) separated b y  13 MHz from  the wanted carrier
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FIGURE 29 -  Impairment due to single-entry co-channel interference for tests conducted at:

Curves A: NASA Lewis Research Center 

B: CBS Laboratories

TABLE XXIV -  C /I  ratio required fo r  impairment grades 
o f  interest fo r  all cases (dB)

\  Q  

C ase 'v
3.50 3.75 4.00 4.25 4.50

001 9.0 9.7 10.5 11.7 13.0

100 10.0 11.0 11.75 12.8 • 13.9

002 14.5 15.3 16.3 17.1 19.0

200 13.0 14.0 15.0 16.0 17.8

101 12.4 13.3 14.4 15.4 16.8

010 19.7 21.4 23.1 25.3 28.7

111 22.7 24.1 25.5 27.5- 31.0
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3.1.7.5 A ggrega te  a d jacen t a n d  co-channel interference

The combined interfering effects of adjacent and co-channel interference (111) were examined and 
the data are presented in Fig. 30. The relative levels were adjusted such that the interfering effect of the 
co-and adjacent-channels were approximately equal at an impairment grade between 4.0 and 4.5. Each 
adjacent channel interferer was set 6 dB above the co-channel interferer such that the aggregate adjacent 
channel interference was 9 dB greater than the co-channel interference. An 8-10 dB difference in aggregate 
C / I  levels is obtained by examining Figs. 28 and 29 at impairment grades between 4.0 and 4.5. Therefore 
9 dB was selected as the relative difference between the co- and aggregate adjacent-channel interference 
levels for the 111 case.

FIGURE 30 -  Impairment due to aggregate co-channel and upper and lower adjacent-channel interference (111). 
Adjacent-channel interferers separated by 13 MHz from  the wanted carrier

Figure 31 presents curves from Figs. 28 to 30. The 101 case, curve C, has been adjusted by 9 dB to 
agree with the condition for which the 111 case was tested. If the 010 and 101 cases, curves B and C, are 
added on a power basis the result, curve D, would lie within 1 dB of the measured 111 case, curve A. For 
impairment grade levels exceeding 4.0 the difference is less than 0.5 dB. The power addition curve lies to 
the right o f the measured 111 ease indicating that the measured results combine on slightly less than a 
power addition basis. It is believed therefore that co-channel and aggregate adjacent-channel interferers do 
add on a power basis. This result is dependent on the assumption of equal interference contributions from 
the co-channel interferer and the aggregate adjacent-channel interferers.
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FIGURE 31 -  Comparison o f  impairment effects 

A: measured (111)

B: measured (010)

C: measured (101)

D: calculated by power addition (010 + 101)

3.2 625-line system; B /PAL, G /PAL, I/P A L  and L /S E C A M

Measurements of protection ratio for two frequency-modulation television signals with the same value for 
frequency deviation have been made in the United Kingdom by the BBC [Brown, 1971b], in Italy by RAI, in 
France by the TDF and in the Federal Republic of Germany by the IRT and DBP. A summary of these results 
[CGIR, 1974-78c] is given in this Report in § 3.1.5 and in Fig. la , curve B. The protection ratios were measured 
with a deviation of the sound sub-carrier on the main carrier which was in every case ±  2.8 MHz. The sub-carrier, 
frequency was 6 MHz for system I, used by the BBC, 5.5 MHz for systems B and G used by the RAI, the IRT 
and DBP and 7.5 MHz used by the TDF. The protection ratio template (Fig. la, curve B) is asymmetrical about 

f the carrier rest frequency. For exercises in planning, it would often be useful to use a common value for the 
protection ratios relating to the lower- and upper-adjacent channels. In this case the following compromise values 
can‘be used.

Channel spacing 16 18 20 22 24 26 28 30
(MHz)

Protection ratio 20 16 13 10 7 4 2 0
(dB)

More detailed information is given in [CCIR, 1974-78c].

Generally, for measurements performed by the various adm inistrations indicated above, a conventional 
discriminator was used (staggered-circuit or delay line). Use of a phase locked loop (PLL) discriminator may lead 
to some differences in protection ratio. Measurements in France [CCIR, 1978-82g] show that in comparison with a 

.conventional discriminator, the use of a PLL discriminator:

— does not change the protection ratio for co-channel interference;

— provides a reduction of 5 dB in the protection ratio for adjacent channel interference with frequency offsets 
between 12 and 20 MHz;

— increases the-protection ratio for frequency offsets between 24 and 30 MHz.

For these measurements, no sound sub-carrier and no energy dispersal waveform were present.

Further studies with a large number of PLL discriminators are necessary for confirming these results and 
providing additional data in the case of greater frequency offsets.
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In the broadcasting-satellite service it may be desirable to use a separate carrier, instead of a sub-carrier, 
for transmitting the television sound. In this case it may be necessary to use a deviation of about ±  300 kHz 
[CCIR, 1970-74d]. It is therefore im portant to know the co-channel protection ratio which should be specified for 
such signals, and also to find the minimum permissible spacing between the carriers, if several carriers were 
grouped together in a part of the frequency spectrum.

The BBC has carried out objective measurements of the interference between two frequency-modulation
sound signals. The interfering signal was modulated by a 1 kHz tone to a peak deviation of ±  300 kHz, and the 
resulting signal-to-noise ratio in the wanted sound channel was measured using a modified Niese noise meter (for 
noise measurements this indicates the ratio of the r.m.s. signal to the r.m.s. noise) together with the recommended 
CCIR noise-weighting network (Recommendation 468).

For a signal-to-noise ratio o f 50 dB, the co-channel protection ratio did not exceed 5 dB, the value 
depending to some extent on the exact frequency difference between the two carriers (over a range of about 
±  200 kHz). For a signal-to-noise ratio of 60 dB, the protection ratio is not greater than 15 dB. The protection
ratios determined for the sound signal are much lower than those for the television signal.

More tests were carried out to find suitable values for the carrier spacing (that is, the spacing between the 
carrier frequencies of adjacent sound channels). As in the case of television signals, it is assumed that the channel 
width is sufficiently large so that the adjacent-channel protection ratio is —6 dB. In this case, the tests showed 
that the carrier spacing should be about 0.8 MHz.

3.3 C o-channel protection  ra tio  betw een  w ide-devia tion  freq u en cy-m o d u la tio n  so u n d  carriers ,

4. Protection ratio measurements between FM television and other signals

4.1 Interference into FM television

4.1.1 Protection ratio measurements between frequency-modulation television signals and FM-sound multi­
plex systems

Concerning the tests performed by the TDF [CCIR, 1974-78d], the modulation characteristics were 
the following:

FM-TV
— the video signal and a sound sub-carrier at 5.5 MHz are multiplexed;
— peak-to-peak frequency deviation of the carrier: 14 M Hz/V;
— noise bandwidth: 27 MHz;
— pre-emphasis for video: Recommendation 405;
— frequency deviation o f the sub-carrier: ±  75 kHz;
— pre-emphasis for audio signal: 50 ps;
— amplitude of the sub-carrier: 230 mV.

FM-sound multiplex

The carrier is modulated by an FDM-FM baseband made of 15 sub-carriers, each frequency
modulated by an audio-frequency signal (frequency deviation of the sub-carrier =  ±  75 kHz, pre­
emphasis for audio-frequency signal =  50 ps).

The radio-frequency bandwidth is 27 MHz. The frequency deviations of the carrier by the different 
sub-carriers are such that the quality obtained is the same for each audio signal. Other transmission 
methods for a group of sound channels have also been investigated [Mertens et al., 1976].

4.1.2 Protection ratio measurements between frequency-modulation television signals and FDM-FM tele­
phony signals

Tests were carried out in Japan [CCIR, 1978-1982e] on interference between frequency-modulation 
television signals and FDM -FM  telephony systems under the condition of monitoring the picture quality in 
a studio using a ratio o f viewing distance to picture height of 1 to 1.5, which represents a closer viewing 
distance than given in Recommendation 600.

The characteristics o f the FM television signal were the same as given in § 3.1.3 of this Annex and
in [CCIR, 1978- 1982e]. For an r.m.s. test-tone deviation of 270 and 800 kHz, corresponding to 60 and
970 channels, the measured protection ratios for just perceptible interference were 35 dB and 32 dB, 
respectively.
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4.1.3 Protection ratio measurements between frequency-modulation television signals and digital signals 
(television and data)

Tests carried out in Japan [CCIR, 1978-1982e] using the same viewing conditions and modulation 
characteristics of the FM television wanted signal as described in § 3.1.3 of this Annex and a 64 M bit/s, 
4-PSK. system interfering signal, resulted in a measured protection ratio for just perceptible interference of 
25 dB.

Measurements made in the United States of America [CCIR, 1978-1982h: Barnes, 1979] involved 
interferences between a quadriphase shift keyed (4-PSK) modulated television signal and a frequency 
modulated television signal. Both signals were system M /NTSC. Other characteristics are given in 
T a b le  XXV.

TABLE XXV -  Characteristics o f  digital and frequency-modulation television systems

System Digital television Frequency-modulation television

M odulation Differentially coded, 4-PSK m odulator, 
coherent 4-PSK dem odulator

Frequency-modulation,
12 MHz peak-to-peak deviation, 
with pre- and de-emphasis

Signal bandwidth 
(transmit filter)

45 MHz (3 pole, low ripple 
Chebyshev filter)

20 MHz

Receiver filter 33 MHz, 5 pole, equalized elliptical filter 21 M Hz, 6 pole, low ripple Chebyshev

Audio Multiplexed into data stream 7.5 M Hz sub-carrier,
25 dB below video carrier

System output signal-to-noise 
ratio (unweighted)
(dB)

45(1) 50

(i) Subjectively measured.

In the measurements, a 4-PSK modulated digital television signal interfering with an FM television 
system degraded the received picture and the baseband signal in a noise-like manner. Since there are 
established measurement procedures for describing a television signal degraded by noise, the effect of 
digital television interference on an FM television system is described in terms of the apparent baseband 
signal-to-noise ratio.

Interference was added so as to produce apparent baseband signal to noise ratios of 45, 40 and 
35 decibels. The ratio of wanted FM television signal power to interfering digital television signal power, 
for a specified apparent signal-to-noise ratio, RFM/diguai, is given by:

n  R a t/(FM, wanted) '
FM /digital ~  : v /

* A  V (digital, interfering)

For all measurements, white Gaussian noise was present in the communications channel in 
addition to the interfering signal.
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Results of measurements to determine protection ratios for an FM television link with digitally 
modulated interferences are given in Fig. 32. The results show that there is a direct relationship between 
the measured protection ratio and the apparent signal to noise ratio, with protection ratios ranging from 
24 to .14 dB for apparent baseband signal to noise ratios ranging from 45 to 35 dB.
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FIGURE 2 2 - Apparent FM televi­
sion system baseband signal-to- 
noise ratio (unweighted) for 4-PSK 

modulated digital signal interfe­
rence

Interference from a 43 Mbit/s 
digital television system

O : 45 dB ) 4 ,
□  • 40 dB > APParent signal- 
•  ! 35 dB ) ^ o i s e  ratio

The subjective measurements for an FM television signal of system D /PA L subjected to interfer­
ence by digital signals were carried out in China [CCIR, 1982-86b]. The unwanted signal sharing the same 
frequency band with the wanted signal was either a single-frequency signal (CW), a PSK signal or an ASK 
signal. The experiments were carried out according to Recommendations 500-2 and 600. The group of 
observers consisted of eight expert viewers. Two colour pictures that are standard pictures in China were 
used in the subjective measurements and the average of the measurement results was taken. The 
evaluations given by the viewers were only slightly different and have a good repeatability.

The C / /  ratio for just perceptible interference is defined as the interference protection ratio. The 
measurement results are shown in Figs. 33 and 34. The results show that the interference from a 
single-frequency signal is most easily perceived and the protection ratio for a colour picture is about 1 dB 
higher than that for a black and white picture at zero carrier-frequency difference. There is a maximum at 
a carrier-frequency difference of 4.4 MHz because the centre frequency of the interference signal is near 
the sub-carrier frequency of the coiour television signal. The protection ratio for PSK (8.448 M bit/s) signal 
interference is about 1 dB lower than that for PSK (2.048 M bit/s) signal interference. Com pared with PSK 
signal interference, the protection ratio required for ASK signal interference is lower by generally less than 
1 dB.
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- 6  -5  -4  -3  -2  -1 0 1 2 3 4 5
Carrier-frequency difference between w anted and unw anted signals (MHz)

FIGURE 33 -  Protection ratio fo r just perceptible interference in an FM-TV system  
(A f  = 8 MHz, peak-to-peak) for CW interference

- A: colour picture

B: monochrom e picture

- 6  -5  -4  -3  - 2  -1  0 1 2 3 4 5 . 6
Carrier-frequency difference between wanted and unw anted signals (MHz)

FIGURE 34 -  Protection ratio fo r ju st perceptible interference in an FM-TV system  
(A f  = 8 MHz, peak-to-peak) for PSK (2.048 M bit/s) signal interference

A: colour picture 

B: m onochrom e picture

4.2 Interference to digitally encoded television

■ 4.2.1 Protection ratio measurements between digitally encoded television signals and frequency-modulated
television signals

Experiments performed in the USA [CCIR, 1978-82h and Barnes, 1979] for system M /N TSC 
television included the measurement of protection ratios for digital television with analogue frequency 
modulation interference.
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Additionally, the digital television system used inthese measurements employed one dimensional, 
fourth order, intraframe, differential pulse code modulation (DPCM ), resulting in a data rate of
42.95 M bit/s for the transmission of a system M /N TSC television signal at high quality. The coded 
television signal was transmitted using a 4-PSK modulator employing differential coding, and received 
using a coherent 4-PSK demodulator. The digital television system employed neither error correction nor 
error concealment circuitry. The characteristics of the digital television and the FM television system are 
l i s t e d  i n  T a b le  XXV.

A bit error ratio of approximately 10-8 in the coded digital television signal resulted in short 
duration impairments to the picture, at an average rate of one every five seconds. The error rate resulted in 
perceptible, but not annoying, impairments to the picture, as judged by a single expert viewer. For a 
communication link with ratios of energy per bit to noise power spectral density (Eb/ N 0) which, in the 
absence of any interference, produced error ratios lower than 10-8, FM television signal interference was 
added so as to raise the error ratio to 10-8. Additional measurements were made to determine the 
protection ratios which resulted in an error ratio of 10~6. For the specified bit error-ratio, the ratio of 
wanted digital television signal power to interfering FM television signal power, Rdigi,ai/ttM, is given by:

D  P a V (digital, wanted) /n,
^■digital/ FM =  ---  (V)

^(FM, interfering)

Measured protection ratios for FM television interference to a digital television system are shown 
in Fig. 35 for a bit error-ratio of 10-8 in the digital system, and Fig. 36 for a bit error-ratio of 10-6. 
Protection ratios are shown for three values of link Eb/ N 0. In the absence of any interference, a value of 
Eb/N 0 = 15.1 dB results in an error ratio of approximately 10-9, and a value of Eb/N 0 = 13.6 dB results 
in an error ratio of approximately 10-7. As shown in the figures, a small increase in Eb/ N 0 (from 15.1 to
18.1 dB (for 10~8 error ratio) or from 13.6 to 16.6 dB (for 10-6 error ratio)) results in a large reduction in 
the measured protection ratios (9 to 10 dB). A large additional increase in Eb/ N 0, however, results in only 
a 1 to 2 dB reduction in the measured protection ratios.
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4.2.2 Protection ratio measurements between digitally encoded television signals and other digitally encoded 
signals (television and data) ,

Measurements performed in the United States of America for system M /NTSC have determined 
protection ratios for digitally encoded television with digital television and digital data interference.

The wanted digital television system was the 42.95 M bit/s DPCM system described in § 4.2.1 of 
this Annex. The interfering digital television system was a two-dimensional orthogonal transform encoder 
with a data rate of 16.1 M bit/s resulting in transmission of a system M /N TSC television signal at high 
quality. The encoded television signal was transmitted using a 4-PSK modulator employing differential 
encoding. The digital data interferer was generated using a pseudo-random data generator. This digital 
signal was modulated using an identical D-4-PSK modulator as the one used with the digital television 
interferer. In this portion of the test, an interferer data rate of 16.1 M bit/s was used for the digital data. 
The characteristics of the desired digital television system are listed in T able xxv. The characteristics of 
the interfering systems (digital television and data) are listed similarly in T a b l e  XXVI.

TA BLE XXVI — Characteristics o f  signals

System param eter 16 M b it/s  digital TV P R B S (')

M odula tion D-4-PSK  (:) D -4-PSK  I 2)

, Signal bandw id th  
(transm it filter) (M H z)

25 (5 pole, low ripple 
Chebyshev filter)

(T ransversal filter 
in ternal to m odulato r)

Receiver filter (M H z)

n  . (5 pole, low

190 ripp le  • 
-.0 . Chebyshev

filters)

Signal bit rate (M b it/s ) 16.11
8.0

16.11
43.0

( ')  P seudo-random  bit sequence. 

(: ) D -4-PSK : D ifferential 4-PSK.

Section 4.2.1 of this Annex indicates that for the wanted-signal television system, a bit error ratio 
of 10“8 produced interference which was perceptible, but not annoying. However, to aid in the 
measurement process, a bit error ratio of 2 x 10"8 was used in determining the protection ratio. At this 
bit error ratio a short duration impairment to the picture occurred at an average rate of one every 2 s. 
Protection ratio levels were found not to differ significantly (<  1 dB) from those obtained with a 10-8 bit 
error ratio. To allow headroom for interference to be added, the communication link energy contrast ratio 
was selected such that the bit error ratio, in the absence of any interference, was approximately 10-9. An 
energy contrast ratio (£ ),/ A^) of 14.7 dB produced a bit error ratio of approximately 10-9.
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Figure 37 shows that the interference to the DPCM digital television system was 
the same for both the 16.1 M bit/s digital television system and PRBS data interferers. 
protection ratio is approximately 22 dB.
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FIGURE 37 -  16 M bit/s interference on 4 3  M bit/s digital television

Eb/N0 = 14.7 dB 

BER = 2 X 1 0 '8

Interfering system:

■  : 16 Mbit/s digital television 

•  : 16 Mbit/s pseudo-random bit sequence

4.2.3 Protection ratio measurements between digitally encoded data signals and digitally encoded television 
signals

Experiments performed in the United States of America included the measurement o f protection 
ratios for D-4-PSK modulated data signals with digital television interference.

The digital systems used were those described in § 4.2.1 and 4.2.2 o f this Annex. The wanted system 
consisted of pseudo-random data (PRBS) which was modulated for transmission using a D-4-PSK. 
m odulator and received using a coherent 4-PSK demodulator followed by an error detector. Wanted 
system data rates of 43 M bit/s and 16.1 M bit/s were used. Interferer digital television was supplied by the
42.95 M bit/s DPCM system and the 16.1 M bit/s orthogonal transform system previously described.
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The purpose of the tests was to determine the trade-offs between the energy contrast ratio (Eb/  N0) 
and carrier-to-interference ratio (C /7 )  for a given level of bit error ratio performance. Additionally, the 
significance of relative bandwidth between the wanted and interfering signals on the allowable C / I  was 
determined. .

T able xxvn fists co-channel interference protection ratio levels for 16 M bit/s digital television 
interference on a 43 M bit/s pseudo-random bit sequence (PRBS). The operating condition for the wanted 
system was varied by changing the Eh/  N0. The values of Eb/ N 0 for which measurements were taken were
13.3 dB, 16.3 dB and 40.0 dB (£*, /No = 13.3 dB corresponds to a channel bit error ratio of approximately
1 x 10~4). For each of these operating conditions, interference was added until the desired performance 
level (in terms of bit error ratio) was measured at the error detector. Three performance levels were used:
2 x 10~6, 2 x 10-7 and 2 x 10~8. Two trends are observable from the data in T a b le  X X V II:

— within a given BER performance level (e.g. 2 x 10~s) as the operating condition (i.e. £*/„%) 
increases the required protection ratio decreases;

— for a specified operating condition (e.g. Eb/ jV0 =  13.3 dB) the required protection ratio increases as 
the BER performance level approaches the channel error rate.

Both of these trends are the result of the trade-off that exists in digital systems between noise and 
interference. The better the channel characteristics (i.e. lower noise, higher Eb/ N 0) the more interference 
that can be tolerated.

TABLE XXVII — Co-channel protection ratios fo r  various energy contrast ratios 
and bit error ratio performance levels.

Wanted system — 43 M bit/s PRBS*;

interfering system — 16 M bit/s digital television

Eb/ N 0
BER

perform ance
C o-channel p ro tection  

ratio

13.3 2 x 1 0 -6 15.5

16.3 2 x 1 0 -6 12.1

40.0 2 x 10~6 9.3

13.3 X o ! 18.0

16.3 X o 1 14.0

40.0 2 x 1 0 - 7 10.0

13.3 2 x 10~8 21.2

16.3 2 x 1 0 -8 14.8

40.0 X o 1 10.0

* PRBS: pseudo-random  b it sequence.

Figure 38 gives protection ratios versus frequency offset for the three BER performance levels in 
Table xxvii (2 x 10-6, 2 x 10-7, 2 x 10~8). The relative difference in protection ratio between the three 
BER performance levels is generally maintained for any offset.
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FIGURE 38 - 16 M bit/s digital television interference on 43 M bit/s pseudo-random b it sequence

IIi? 13.3 dB

■ : BER = 2 X 10*
• : BER = 2 X io-
A : BER = 2 X 10*

F ig u re  39 show s th e  s ig n ifican ce  o f  th e  re la tiv e  b a n d w id th  b e tw een  th e  w a n ted  a n d  in te rfe rin g  
s ig n a ls  o n  a llo w ab le  C /I.  T w o  resu lts  can  be  o b ta in e d  fro m  the  fig u re :

— in te rfe rin g  signals w ith  a  b a n d w id th  less th a n  th e  desired  sig n a l re q u ire  g re a te r  c o -ch a n n e l p ro tec tio n  
th a n  th e  in te rfe rin g  s ig n a ls  w hich  have a  w id e r b a n d w id th  th a n  th e  d e s ired  sig n a l;

-  the  fa ll-o ff  in  p ro te c tio n  ra tio  versus freq u en cy  o ffse t is s te ep e r w h en  th e  in te rfe rin g  d a ta  ra te  is less 
th a n  th e  w a n ted  sig n a l ra te .

B oth  o f  these  resu lts  h av e  to  d o  w ith  th e  a m o u n t o f  in te rfe rin g  sig n a l p o w e r p re sen t in  th e  m a in  sp ec tra l 
lo b e  o f  th e  w a n ted  signal. F o r  a  n a rro w  in te rfe re r  m o st o f  the  in te rfe r in g  sig n a l p o w er is w ith in  th e  m ain  
lo b e  o f  th e  w a n ted  signa l a n d  th e re fo re  req u ire s  m o re  c o -ch an n e l p ro te c tio n . H ow ever, as th e  w an ted  a n d  
in te rfe rin g  s ig n a ls  a re  o ffse t in  freq u en cy  th e  e ffect o f  th e  n a rro w  in te rfe r in g  s ignal d ro p s  o u t m o re  ra p id ly  
th a n  w ith  a  w id er in te rfere r.
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FIGURE 39 - 43 M bit/s and 16 M bit/s digital television interference 
on 16 M bit/s pseudo-random b it sequence

Eb/N 0 = 13.3 dB 
BER = 2 X 10f6

Digital television rates:
■  : 43 Mbit/s 
•  : 16 Mbit/s

5. Protection ratios for 625-line system K /SE C A M

M easu rem en ts  in the  U S S R  [C C IR , 1970-74c] d e te rm in e d  p ro tec tio n  ra tio s  fo r freq u e n c y -m o d u la tio n
sig n a ls  ag ainst in te rfe ren ce  by C W , a m p litu d e -m o d u la tio n , v e s tig ia l-s id eb an d  a n d  freq u e n c y -m o d u la tio n  signals.

5.1 Measurement conditions

P ro tection  ra tio s  w ere d e te rm in e d  u n d e r  th e  fo llo w in g  c o n d itio n s :

— p eak  d e v ia tio n  o f  the  w an ted  freq u e n c y -m o d u la tio n  te lev is io n  signal (a llo w in g  tran sm iss io n  o f  so u n d
co m p o n e n t o n  a su b -c a rrie r  w ith  a  v ideo  s ig n a l/so u n d -c o m p o n e n t  sig n a l ra tio  o f  4 .5 /1 )  w as tak e n  as 
±  11 M H z;

— th e  ra tio  o f  th e  w an ted  sig n a l to  c o n tin u o u s  ra n d o m  w eigh ted  n o ise  a t th e  f req u e n c y -m o d u la tio n  te lev is io n
receiver o u tp u t w as fixed a t 57 dB  ( ra tio  o f  p ic tu re  signal p e ak -to -p ea k  a m p litu d e , ex c lu d in g  sy n ch ro n iz in g
pulses, to  th e  r.m .s. no ise  v o ltag e  in the freq u en cy  b a n d  from  10 k H z  to  the  u p p e r  n o m in a l lim it o f  the
v id eo -freq u en cy  b an d ). T o e stab lish  th is va lue , use w as m ad e  o f  a  lo w -p ass filte r a n d  a w eig h tin g  n e tw o rk  
w ith  ch arac te ris tic s  s im ila r to  th o se  d esc rib ed  in  R e co m m en d a tio n  567, A n n ex es II a n d  III  fo r  system  K.;
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5.2

a C W , an  a m p litu d e -m o d u la tio n  te lev is ion  s igna l, a n d  a f re q u e n c y -m o d u la tio n  te lev is io n  s ig n a l w ere  used  as 
in te rfe rin g  sig n a ls ;

the  v id eo  signal o f  the m o n o ch ro m e  test c h a rt w as used  as m o d u la tin g  s ig n a l fo r  th e  in te rfe r in g  a m p iitu d e - 
m o d u la tio n  a n d  fre q u e n c y -m o d u la tio n  te lev is ion  sig n a l;

a b in a ry  s ta tem en t o f  the  ty p e  “ Y e s-N o ” w as used  to  assess p ic tu re  q u a lity ;

the  test g ro u p  co n sisted  large ly  o f  n o n -ex p ert view ers. E x p ert v iew ers w ere u sed  to  d e te rm in e  th e  p ro p o se d  
c en tra l assessm ents. T he test g ro u p  co n sisted  o f  ten  to  fifteen  p e rso n s;

d im e n sio n s  o f  test p ic tu re : 475 x 375 m m ;

view ing  d is tan ce : 5 to  6 tim es th e  p ic tu re  h e ig h t:

the cen tre  o f  the  screen  o f  the  test te lev is ion  rece iver w as set at eye level o f  th e  o b se rv ers : 

m easu rem en ts  w ere c a rried  o u t in c o n d itio n s  o f  p a rtia l d a rk n ess ;

th e  level o f  i llu m in a tio n  o f  th e  screen  by e x te rn a l ligh t sources d id  n o t exceed  0.01 o f  m ax im u m  screen  
b rig h tn e ss ;

seq u en ce  o f  ch an g es in no ise  level: ra n d o m , in 3 dB  s tep s; in each  m ea su re m e n t series, th e  o b se rv ers  w ere 
show n  five va lu es o f  s ig n a l-to -n o ise  ra tio . In co n seq u en ce , the lim its o f  th e  v a r ia tio n  in n o ise  level gave rise 
in each  case to  v a ria tio n s  o f  ±  1 g rad e  in the  assessm en t p ic tu re  q u a lity ;

p ro tec tio n  ra tio  m easu rem en ts  w ere m ad e  w ith o u t a b a n d -p ass  filte r a t th e  in p u t to  th e  freq u en cy  m o d u la tio n  
receiver.

Measurement results ' ■ . .

T he resu lts  o f  the  p ro te c tio n  ra tio  m easu rem en ts  as a  fu n c tio n  o f  d e tu n in g  o f  th e  c a r r ie r  freq u en c ie s  
(carrie r-fre q u en c y  o ffset) o f  the  w a n ted  a n d  u n w a n ted  sig n a ls , fo r  tran sm iss io n  in  c o lo u r  (c o lo u r  b a rs , c o lo u r  test 
c h a r t a n d  real c o lo u r  p ic tu re ) a re  sh o w n  in Figs. 40 to  42, w h ile  Fig. 43 show s th e  resu lts  o f  tra n sm iss io n  o f  a 
m o n o ch ro m e  p ic tu re  (test chart). ’

-3 0  - 2 0  -10  0 10 20

Detuning of wanted and unwanted signal centre frequencies, A /(M H z) 

F IG U R E  40 -  Frequency-modulation protection ratio against CW interference

30

 : colour bars \
—  : real colour picture m odulation on w anted signal

 : colour test chart )
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Detuning of wanted and unwanted signal centre frequencies, A /(M H z)

FIG U R E  41 -  Frequency-modulation protection ratio against amplitude-modulation, 
vestigial-sideband interference

" 0 " : colour bars V
—  — o —  —  : real colour picture } m odulation on wanted signal
. —  . a  . —  • : colour test chart I .
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Detuning of wanted and unwanted signal centre frequencies, & f(M H z)

FIG U R E  42 - Frequency-m odulation pro tection  ratio against frequ en cy-m odu la tion
in terference

colour bars 
— — hd-  — — : real colour picture 
. —  . a  • —  • : colour test chart

m odulation on wanted signal

s 
\ \
\ >>

■

/ /
y \ \

*
* \

/ f %
-3 0  -2 0  -10 0 10 20 30

Detuning of wanted and unwanted signal centre frequencies, A /(M H z)

F IG U R E  43 - Protection  ratios in the case o f  frequ en cy-m odu la tion  transm ission o f  a 
m onochrom e picture (te s t chart)

: frequency-modulation 
television interference 

—  —— —  —  : am plitude-m odulation m odulation on
television interference interfering signal

• • :  CW  interference
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Figure 40 describes the effect ,of C W  interference on the wanted frequency-modulation television signal, 
Fig. 41, the effect of interference in the form of an amplitude-modulation signal and Fig. 42, the effect of 
interference in the form of a frequency-modulation signal with a peak frequency deviation ±  11 MHz.

Figure 44 shows the measurement results for protection ratios as a function of the level of random noise at 
the output of the frequency-modulation television receiver. A  colour test chart was used in recording these 
correlations, while the detuning between the wanted and unwanted signal carriers was fixed by the maximum 
perceptibility of interference on the screen of the test television receiver.

Signal-to-random noise ratio at the output of the frequency-m odulation television receiver (dB) 

F IG U R E  44 -  Frequency-m odulation pro tection  ratios as fun ction s o f  signal-to-noise ratio

A: CW interference .
B : am plitude-m odulation television interference 
C : frequency-m odulation interference

5.3 Conclusions

T he fo llo w in g  co n clu sio n s can  be  d ra w n  from  these  resu lts:

In  the case o f  the  w an ted  a n d  u n w a n ted  sig n a ls in the  sam e freq u en cy  c h an n e l (w ith  iden tica l c en tre  
freq u en c ies), the  p ro tec tio n  ra tio  fo r freq u e n c y -m o d u la te d  signa ls d oes n o t exceed  30 dB , fo r th e  recep tio n  o f  b o th  
m o n o ch ro m e  an d  c o lo u r telev is ion  signals , a n d  is v irtu a lly  in d ep e n d en t o f  th e  p ic tu re  co n ten t.

I f  the w an ted  an d  u n w a n ted  signal cen tre  freq u en c ies are  d e tu n e d , th e  p ro te c tio n  ra tio  fo r  th e  recep tio n  o f  
m o n o ch ro m e  te lev ision  signals decreases.

F or the. recep tio n  o f  co lo u r te lev ision  signals , the  p ro tec tio n  ra tio  w ith  freq u en cy  d e tu n in g  in itia lly  rises, 
re ac h in g  a m ax im u m  (40 to  42 dB ) w ith a d e tu n in g  o f  ±  4 to  5 M H z, a n d  th en  falls. T h is is d u e  to  the  o ccu rren ce  
o f  w a n ted  an d  u n w a n ted  signal freq u en cy  bea t p ro d u c ts  in th e  tran sm iss io n  o f  c o lo u r  te lev is io n  signals.

T he value  o f  the  p ro tec tio n  ra tio  d e p en d s  b asica lly  on  the  ra n d o m  n o ise  level in  th e  ch an n e l a t ra tio s  o f  
less th a n  50 dB betw een  the w an ted  signal a n d  th e  w eigh ted  r.m .s. n o ise  v o ltag e  a t the  freq u e n c y -m o d u la tio n  
te lev is io n  receiver o u tp u t, an d  is in d ep e n d en t o f  the  level o f  ra n d o m  n o ise  w ith  ra tio s  eq u al to  o r g rea te r  th a n  
50 dB .
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6. Accommodation of space operations service functions (TTC) within the broadcasting-satellite and feeder-link 
service bands

T he use o f  th e  g u a rd  b a n d s  assigned  by feed er-lin k  a n d  d o w n -lin k  p lan s  to  th e  b ro a d c a s tin g -sa te ll i te  
serv ice  fo r sp ace  o p e ra tio n  serv ice  fu n c tio n s, raises th e  p ro b lem  o f  c o m p a tib ility  be tw een  the  tw o  serv ices. S tu d ies  
lead in g  to  ag reed  p ro tec tio n  ra tio s  a re  req u ired  in o rd e r  to  p ro tec t te lev is io n  s ig n a ls , w hich  a re  tra n sm itte d  in  th e  
n e a rb y  c h a n n e l, fro m  such  in te rfe ren ce  sources. T he p ro tec tio n  ra tio  is 20 dB  fo r feed er lin k s ; fu r th e r  d e ta ils  m ay  
be fo u n d  in R ep o rt 1076.

7. Discussion of the results

C o m p a riso n s  o f  the  d a ta  p re sen ted  in th is A n n ex  are  d ifficu lt b ecau se  o f  th e  v a ry in g  test c o n d itio n s  used .
F o r som e p a ram e te rs  in  the  case o f  in te rferen ce  on  an  a m p litu d e -m o d u la tio n , v e s tig ia l-s id e b an d  sy s tem , c o rre c tio n
fac to rs  have  b een  d e d u ce d  to  e n ab le  results to  be re fe rred  to  th e  s ta n d a rd iz e d  c o n d itio n s  e s tab lish e d  in 
R e co m m en d a tio n  600. T hese  p a ram e te rs  re la te  to :

— d e v ia tio n ;

— p re -em p h as is ;

— q u a lity  g rad e ;

— energy  d isp e rsa l.

F o r freq u e n c y -m o d u la tio n  system s som e fac to rs  in  d e te rm in in g  the  re q u ire d  p ro tec tio n  ra tio  fo r c o m m o n  
ra d io -fre q u en c y  c o -ch a n n e l sh a rin g  are:
— q u a lity  g rad e  o f  the  p ro tec tio n  ra tio  assessm en t;

— th e  p ic tu re  s ig n a l-to -n o ise  ra tio  o f  the  w an ted  s ig n a l;

— the  d ev ia tio n  o f  th e  w an ted  s ig n a l;

— th e  p ro g ram m e  c o n te n t o f  b o th  w an ted  a n d  u n w a n ted  signals.

T he  d ev ia tio n  a n d  th e  s ig n a l-to -n o ise  ra tio  fo r  th e  u n w a n ted  sig n a l h av e  o n ly  m in o r  effec ts u p o n  th e  
p ro tec tio n  ra tio . O v er the  ran g e  o f  d e v ia tio n s  s tu d ied , th e  p ro tec tio n  ra tio  d ecreases w ith  in c re a s in g  d e v ia tio n  o f  
th e  w an ted  signal. W an ted  signals w hich  have large  a rea s  o f  c o lo u r  o r u n ifo rm  lu m in a n ce  a re  m o re  su scep tib le  to  
in te rfe re n c e ; s im ila rly  u n w a n ted  sig n a ls  h av in g  la rg e  sing le  sp ec tra l c o m p o n e n ts  a re  m o re  p e rcep tib le .

R esu lts fo r 525-line system  M /N T S C  a n d  625-line  system  K /S E C A M  sh o w  th a t n o ise  in  th e  w a n ted  sig n a l 
ten d s  to  m ask  c o h e re n t in te rfe ren ce  by  d eg rad in g  the  q u a lity  o f  the  u n in te rfe re d  w ith  p o r tio n  o f  th e  p ic tu re  a n d  
by  b re ak in g  u p  an y  in te rfe ren ce  p a tte rn s . O th e r m ea su re m e n ts  o n  625-line system s show  little  m ask in g  by no ise . It 
is p o ss ib le  th a t  th is  a p p a re n t  d iffe ren ce  in  system  v u ln e ra b ility  to  in te rfe re n c e  c an  be  e x p la in e d  in  te rm s o f  th e  
n a tu re  o f  th e  p ic tu res  ca rried  by  th e  w an ted  a n d  in te rfe rin g  signals in  th e  v a rio u s  m ea su re m e n ts  a n d  th e  use  o f  
d iffe re n t n o ise -w eig h tin g  w hen  sp ec ify in g  the  lu m in an ce -to -w eig h ted -n o ise  ra tio  in  d iffe re n t te lev is io n  system s. A 
d e fin itiv e  a n sw e r m u st aw ait a d d itio n a l test d a ta  a n d  analysis.
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A N N E X  II

S U G G E S T E D  PROTECTION RATIO M E A S U R E M E N T S

In  d ig ita l te lev is io n  tran sm iss io n , p ro tec tio n  ra tio  m easu rem en ts  a re  n eed ed  to  d e te rm in e  the  suscep tib ility  
o f  d ig ita l system s to  u n w a n ted  a n a lo g u e  m o d u la ted  sig n a ls  a n d  u n w a n ted  d ig ita l signals. T h e  fo llo w in g  test m atrix  
is suggested :

W a n ted  s ig n a l U n w a n te d  s ig n a l

D ig ita l D ig ita l
D ig ita l FM
FM  D ig ita l '
D ig ita l A M -V SB
A M -V SB  D ig ita l

T h e  test co n d itio n s  a n d  p ro c ed u re s  fo r th e  d e te rm in a tio n  o f  th e  p ro te c tio n  ra tio  reco m m en d ed  in  
R e co m m en d a tio n  600 h ave  no t been  fo rm u la ted  spec ifica lly  fo r d ig ita l m o d u la tio n . F u rth e r s tud ies a re  n eed ed  to  
d e fin e  m ore  p recise ly  the test c o n d itio n s  a n d  p ro c ed u re s  fo r  d ig ita l m o d u la tio n . In the  m ean tim e , p rio rity  sh o u ld  
b e -g iv en  to  p e rfo rm in g  tests in v o lv in g  d ig ita l m o d u la tio n  tech n iq u es  u n d e r  the  c o n d itio n s  g iven  in  R e co m m en d a ­
tio n  600.

R E P O R T  951*

SH A R IN G  B ETW EEN  T H E  IN TER -SA TELLITE SERV IC E 
AND T H E  B R O A D C A STIN G -SA TELLITE SER V IC E 

IN T H E  V ICINITY  O F  23 G Hz

(Q u estio n  1 /1 0  a n d  11)

(1982)

>1. Introduction

T he W A R C -79  has a llo c a ted  the  b a n d  22.5 to  23 G H z  in R eg ions 2 a n d  3 to  the  b ro a d c a s tin g -sa te llite  
se rv ice  (BSS), p a r t  o f  w hich , n am e ly  the  b a n d  22.55 to  23 G H z , is sh a red  w ith , am o n g  o th e rs , the  in te r-sa te llite  
serv ice  (ISS).

O n the  b asis o f  stud ies ca rried  o u t in the U SA  a n d  J a p a n  th is R e p o rt e x am in es  p a ra m e tr ic a lly  the  o rb ita l 
sp a c in g  req u ired  b e tw een  sp ace  s ta tio n s  e m p lo y in g  in te r-sa te llite  lin k s a n d  b ro a d c a s tin g  sa te llites  w ith  resp ec t to  
in te rfe re n c e  in to  th e  ISS link  [C C IR , 1978-82a a n d  b] a n d  in te rfe re n c e  in to  the  BSS rece iv e r [C C IR , 1978-82c].

T hese  an a ly ses use new  system  c h a rac te ris tic s  from  an  e x am p le  in R e p o rt 215 fo r h ig h -d e fin itio n  TV  usin g  
an  R F  b a n d w id th  o f  125 M H z. H ow ever, an  e x am p le  fo r c o n v e n tio n a l TV is a lso  g iven  in  R e p o rt 215. T h e  
an a ly ses  p re sen ted  in th is R e p o rt c an  a lso  be a p p lie d  to  th a t case. P re lim in a ry  c a lc u la tio n s  d o n e  in the U n ited  
S ta tes show  th a t th e  h ig h -d efin itio n  case  p re sen ted  here  w o u ld  p ro v e  to  be th e  m o re  co n se rv a tiv e .

T he p a ram e te rs  fo r th e  ISS assu m ed  in the  tw o an a ly se s  a re  g iven  in §§ 2.1 a n d  3.1. As the  d e f in itio n  o f  
th e  TSS is in an  early  stage, th e  p a ram e te rs  a ssu m ed  in  th e  tw o  sec tio n s a re  d iffe re n t. F u rth e r  s tu d y  is req u ired .

This Report should be brought to the attention of Study Group 4.
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2.1 Characteristics o f  the inter-satellite service

In te r-sa te llite  lin k s in the  23 G H z  b a n d  are  ex p ec ted  to  be p rim a rily  ov er re la tiv e ly  sh o rt  sp a n s  o f  o rb ita l
arc, fo r  e x am p le  4 ° , b a sed  on  the  resu lts  o f  an aly sis p re sen ted  in  R e p o rt 451.

T h e  in te r-sa te llite  lin k  rece iv in g  system  is a ssu m ed  to  co n sist o f  a n  a n te n n a  w ith  a  g a in  o f  52 dB  a n d  a 
c irc u la r  b eam  o f  0.4° a t the  3 dB  b eam w id th , a n d  a rece iver w ith  an  o p e ra tin g  no ise  te m p e ra tu re  o f  1000 K. T he 
o ff-ax is a n te n n a  d isc r im in a tio n  is a ssu m ed  to  co n fo rm  to  th a t g iven in  R e p o rt 558. T he  rece iv e r b a n d w id th  is 
850 M H z.

2.2 Characteristics o f  the broadcasting-satellite service

T ab le  X lV a  o f  R e p o rt 215 p ro v id es  ex am p le  system  ch a ra c te ris tic s  o f  a  b ro a d ca s tin g -sa te llite  system  fo r 
co m m u n ity  re ce p tio n  o p e ra tin g  a t 22.75 G H z. In  th is an a ly sis , a n  R F  b a n d w id th  o f  125 M H z fo r  h ig h -d e fin itio n  
FM -T V  tran sm iss io n s  a n d  b eam  c en tre  e.i.r.p . o f  a b o u t 78 dB W  h av e  b een  assum ed . In  a d d itio n , a  sa te llite
tra n sm ittin g  a n te n n a  b e am w id th  o f  1° has also  b een  a ssu m ed  sin ce  it m ay  resu lt in  p ra c tic a l w o rs t-case
in te rfe ren ce  to  the  ISS receiver. T he  g a in  o f  the  a n te n n a  is 44 dB , a n d  feed  a n d  filte r losses a re  1 dB , th e re b y
re q u ir in g  2.5 kW  (34 dB W ) o f  ra d io -fre q u en c y  p o w er a t th e  a n te n n a  feed .

2.3 Interference analysis

T he in te rfe re n c e  g eo m etry  is show n  in Fig. 1. ISS 2 is t ra n sm ittin g  to  ISS 1 w hich  is lo c a te d  02 deg rees o f
lo n g itu d e  aw ay . T he  BSS is lo ca ted  0! deg rees o f  lo n g itu d e  aw ay  from  ISS  1; a n d  is tra n sm ittin g  to  a  se rv ice  a rea
o n  th e  e q u a to r  w hose  b e am  c en tre  is y 0 degrees fro m  n ad ir .

2. Interference to the inter-satellite service by emissions in the broadcasting-satellite service

BSS

ER: earth station receiver

8,: angular separation between the satellites ISS 1 and BSS as 
seen at the earth station

\|/: angular separation between ISS 2 and the earth station as
seen from ISS 1

T h e  in te rfe re n c e  to  th e  ISS  1 rece iv ing  a n te n n a  a p p e a rs  a t an  o ff-ax is  a n g le  o f  <p degrees. S im ila rly , the  
e .i.r.p . to w a rd  ISS 1 fro m  th e  BSS is a t an  o ff-ax is an g le  o f  y  + Yo-

F o r  o rb ita l  s e p a ra tio n s  b e tw een  th e  ISS a n d  BSS less th a n  134°, th e  g a in  o f  the  BSS sa te llite  tra n sm ittin g  
a n te n n a  in  th e  d irec tio n  o f  the  ISS rece iver will be iso tro p ic  reg ard less  o f  th e  BSS a n te n n a  p o in tin g  d irec tio n  (y0).
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Analysis of the interference to noise ratio {1/ N) at ISS 1 yields:

//N = R0 P3
tx b x r-

w here

C 2 G y  D y  (<p)
R o = (4jt)2 k x 2

a n d

py : the  BSS tran sm itte d  p o w er d e livered  to  a n te n n a  (W )

Ty : the ISS receiver n o ise  tem p e ra tu re  (K )

By : the  ISS receiver n o ise  b a n d w id th  (H z)

/ :  th e  freq u en cy  (H z)

c : the  velocity  o f  ligh t (m /s )

k :  B o ltz m an n ’s c o n s ta n t ( J /K )

Gy : the  ISS 1 a n te n n a  o n -ax is  gain

Z)](<p) : th e  ISS 1 a n te n n a  d isc r im in a tio n  to w a rd  BSS

x : th e  d is tan c e  b e tw een  BSS a n d  ISS 1 sa te llites  (m).

T he p a ra m e te r  Ro invo lves a  n u m b er o f  c o n s tan ts , a n d  th ree  term s th a t d e p en d  o n  th e  ISS a n te n n a  
h a lf-p o w e r b e am w id th  a n d  B SS-ISS 1 se p a ra tio n . F o r g iven  va lu es o f  these  p a ram e te rs , Ro has been  e v a lu a ted  an d  
is sh o w n  in Fig. 2. .

F o r sa tis fac to ry  o p e ra tio n , it is a ssum ed  th a t  1 / N  m ust be  less th an  o r  eq u al to  a  spec ific  value , (1 / N )0. 
T h e  re q u ire m e n t a t the  ISS rece iver fo r  freq u en cy  sh a r in g  w ith  th e  BSS is th en :

o r

1/N  =  R0 P3 2 H W N)v  
*1 J

Ro ̂  (i/mo
T X B y  f 2 

Pi

In  decibel n o ta tio n ,

10 log  Ro <  10 log  ( I / N )o -I- 10 log  Ty +  10 log  By +  20 log /  -  10 log  p 3

T his e q u a tio n , co u p led  w ith  th e  curves in  Fig. 2, a n d  k n o w n  ch ara c te ris tic s  o f  ISS a n d  BSS system s, 
a llo w s e v a lu a tio n  o f  th e  sh a rin g  p o ss ib ilities .

2.4 Results

T he BSS a n d  ISS ch ara c te ris tic s  d iscussed  e a r lie r  a re  su m m arized :

Ty =  1000 K

By =  125 M H z (see b e low )

/  =  22.75 G H z

Pi = 2500 W

It is a ssu m ed  th a t the  ISS b a n d w id th  is g re a te r  th a n  125 M H z a n d  h as p o ten tia l BSS in te rfe re rs  
th ro u g h o u t. So th e  c a lcu la tio n  is b a se d  u p o n  o n e  in te rfe re r  p e r  125 M H z o f  b a n d w id th . ( / / N )0 is assu m ed  to  be  
o n e -te n th , fo r  neg lig ib le  in te rfe ren ce .

T h en :

Ro <  274 dB

T h is v a lu e  is sh o w n  in Fig. 2.

T h ree  cases a re  an a ly zed  in  Fig. 2. S p ac in g s b e tw een  sa te llites in  th e  ISS have  been  a ssu m ed  to  be 4 ° , 10° 
a n d  20°.
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Orbital separation angle between receiving ISS satellite and the BSS satellite (degrees)

FIGURE 2 - Param eter R 0 as a function o f  B SS-ISS  satellite spacing fo r  IS S  satellite antenna gain —  52 dB

Curves A: ISS satellite spacing = 4°
B: ISS satellite spacing = 10°
C: ISS satellite spacing = 20°

D: region of negligible interference (below the line marked D)
R 0 is defined by an equation in § 2.3

F o r a  4° g eo ce n tric  s e p a ra tio n  b e tw een  ISS I a n d  ISS 2, it is n o t feasib le  to  p lace  a  BSS sa te llite  c lo ser
th a n  a b o u t 7° to  realize  a re a so n a b le  7 /A ^ o f  less th an  — 10 dB.

In c re a s in g  th e  g eo cen tric  s e p a ra tio n  b e tw een  ISS 1 a n d  ISS 2 to  10° p e rm its  p lac in g  a sin g le  BSS sa te llite  
b e tw een  them  a n d  still realize  a n  1 / N  o f  less th an  - 1 0  dB. A  se p a ra tio n  b e tw een  1.6° a n d  9° is re q u ired .

In c re a s in g  th e  g eo cen tric  se p a ra tio n  b e tw een  ISS 1 a n d  ISS 2 to  20° p e rm its  p lac in g  a  n u m b e r  o f  BSS 
sa te llite s  in th e  ran g e  be tw een  0.6° a n d  a b o u t 19° a n d  still rea lize  a sing le  e n try  I / N  o f  a t least — 10 dB.

F ig u re  3 is u sed  to  illu s tra te  w h a t m ay  be ca lled  th e  “d isp la c e m e n t e ffec t” in  th e  e v o lu tio n  o f  th e  
d e p lo y m e n t o f  ISS links. A ssu m e th a t  th e  o rb ita l s e p a ra tio n  0 t b e tw een  ISS 1 a n d  ISS 2 is 4 ° , th a t ISS 2 is 
t ra n s m ittin g  to  ISS 1, a n d  th a t  a c c o rd in g  to  cu rve  A  o f  Fig. 2, th e  o rb ita l s e p a ra t io n  be tw een  BSS a n d  ISS 1 is 7°
so th a t  the  I / N  a t th e  in p u t to  th e  ISS 1 rece iv e r is a t m ost - 1 0  dB . A t so m e  la te r  tim e , a  se c o n d  ISS lin k  is
a d d e d  such  th a t ISS 2 tra n sm its  a lso  to  ISS 3 as sh o w n  in figu re  3. A t an  o rb ita l  se p a ra tio n  o f  4° be tw een  ISS  2 
a n d  ISS 3, th e  I / N  a t th e  ISS 3 rece iv e r w ill be a b o u t 6 dB , a  16 dB  c h an g e  in  Rq as sh o w n  by  cu rv e  A o f  F ig. 2.
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FIGURE 3 — Displacement effect

O n e  m eth o d  to  reduce  th e  I / N  a t th e  in p u t  to  the  ISS  3 rece iver to  a t m o st — 10 dB  is to  in crease  th e  
o rb ita l  s e p a ra tio n  b e tw een  ISS 2 a n d  ISS 3 to  10°. A t th is se p a ra tio n , th e  I / N  w ill be  a b o u t — 12 dB  at th e  in p u t 
t o 'th e  ISS 3 receiver. F o r th is m e th o d , th e  n e t e ffect o f  a d d in g  th e  se c o n d  ISS lin k  is to  d isp lace  ISS 3 fro m  its 
p re fe rre d  4° sp ac in g  to  10° sp ac in g .

3. Interference to the broacasting-satellite service by emissions in the inter-satellite service

3.1 Characteristics o f  the inter-satellite service

T w o ty p es o f  in te r-sa te llite  lin k s , i.e., sh o r t  a n d  lo n g  ISS lin k s , a re  a ssu m ed , as d esc rib ed  in R ep o rt 451. 
F o r  sh o rt ISS lin k s tw o types o f  sa te llite -b o rn e  a n te n n a s , tra c k in g  a n d  n o n -tra c k in g , a re  c o n sid e red . F o r  lo n g  
ISS lin k s  th e  system  p a ram e te rs  a re  a ssu m ed  to  be  b a se d  on  th e  ex am p les o f  th e  sh o rt ISS links.

In  th e  a n a ly sis  it is a ssu m ed  th a t th e  m ax im u m  e .i.r.p . fro m  ISS s ta tio n s  is a b o u t 55 to  75 dB W  fo r sh o rt 
ISS  lin k s  w ith  tra c k in g  a n te n n a s , 78 to  80 d B W  w ith  n o n - tra c k in g  a n te n n a s  a n d  78 to  90 dB W  fo r  lo n g  ISS lin k s , 
w ith  a n  a n te n n a  d iam e te r  o f  1 m , a n d  a  ra d io -fre q u e n c y  b a n d w id th  o f  100 M H z. T ab le  I in d ic a te s  the  re q u ire d  
sa te llite  a n te n n a  b e am w id th  fo r  sh o rt lin k  ISS w ith  n o n - tra c k in g  sa te llite  a n te n n a s , a n d  T ab le  II show s th e  
re q u ire d  a n te n n a  b eam w id th  in  re la tio n  to  p o in tin g  e r ro r  versus sa te llite  sp ac in g  (T ab le  I I I ,  A nnex  I to  
R e p o r t 451).

TABLE I - Required satellite antenna beamwidth fo r  short link ISS with non-tracking satellite antennas

Orbital separation between 
the two satellites (degrees) 2 3 4 6 10 15 20

Required antenna beamwidth 
(degrees) 12.98 8.47 6.33 4.25 2.64 1.85 1.46
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TABLE II -  Required antenna beamwidth in relation to pointing error versus satellite spacing

Spacing* Effective pointing error* Required antenna beamwidth

2° 1.01° 2.02°
3° 0.833° 1.67°
4° 0.739° 1.48°
5° 0.693° 1.39°

* (Table III, Annex I to Report 451)

3.2 Characteristics o f the broadcasting-satellite service

As an  ex am p le  th e  system  c h a rac te ris tic s  o f  a b ro a d ca s tin g -sa te llite  system  are  a ssu m ed , w ith  w id e -b an d  
a n a lo g u e  m o d u la tio n  su itab le  fo r use fo r, am o n g  o th e r  th in g s , h igh  d e f in itio n  te lev is io n  in  th e  fu tu re , as g iven in 
R e p o rt 215, T ab le  X lV a . T he BSS rece iv ing  system  is a ssu m ed  to  co n sis t o f  an  a n te n n a  o f  0.8 m d iam e te r  
(b e am w id th  o f  1.2°) a n d  a n  o p e ra tin g  n o ise  te m p e ra tu re  o f  1100 K. T h e  o ff-ax is  a n te n n a  d isc r im in a tio n  is 
a ssu m ed  to  co n fo rm  to  th a t  g iven  in  R e p o rt 558. In  th e  ab sen ce  o f  o th e r  d a ta  th e  ca rr ie r- to - in te rfe re n ce  ra tio  
re q u ire d  fo r  p ro tec tin g  th e  BSS is a ssu m ed  to  be 40 dB.

3.3 Interference analysis and results

T he in te rfe ren ce  g eo m e try  is sh o w n  in Fig. 1. T h ree  cases have  b een  a n a ly ze d  w ith  th e  resu lts  sh o w n  in 
Fig. 4  fo r w o rs t case  in te rfe ren ce  to  th e  BSS rece iver (E R ). S h o rt ISS lin k s w ith  trac k in g  a n te n n a s  (C u rv e  A  w ith  
0 2 <  20°) a n d  n o n -tra c k in g  a n te n n a s  (C u rv e  B) a n d  lo n g  ISS lin k s (C u rv e  A  w ith  02 >  6 0 °) a re  assu m ed .

It is seen  fro m  th e  figu res th a t fo r  the  sh o rt lin k  ISS w ith  trac k in g  sa te llite  a n te n n a s  th e re  sh o u ld  be  n o
in te rfe re n c e  a t the  BSS receiver. H o w ev er, fo r  sh o rt lin k  ISS w ith  n o n -tra c k in g  sa te llite  a n te n n a s  so m e  in te rfe ren ce  
m ay  arise  a t the  BSS rece iver, w h en  02 is less th a n  a b o u t 6° a n d  0* is 0 ° , o r  w h en  02 is a b o u t 4° a n d  0i is less
th a n  1° (as a n  e x am p le), w hen  the  ISS a n te n n a  b eam w id th  has to  c o v er ex cu rs io n s  o f  th e  tw o  sa te llites w ith
s ta tio n -k e ep in g  accu racy  o f  ± 0 .1 °  fo r  n o rth -so u th  a n d  east-w est d irec tio n s  a n d  sa te llite  a tt i tu d e  e rro rs  o f  ± 0 .1 5 ° .  
I f  th e  ISS sa te llites w ith  n o n -tra c k in g  a n te n n a s  h av e  p o in tin g  e rro rs  as in d ic a te d  in  T ab le  I I , th e re  sh o u ld  b e  no  
in te rfe re n c e  a t th e  BSS receiver. F o r lo n g  ISS  lin k s th e  w o rs t in te rfe ren ce  ra tio s  m ay  b eco m e  less th a n  40 dB , fo r  
02 g re a te r  th a n  80° a n d  0, *  0°.

4 . C onclusions

F o r the  te c h n ica l p a ra m e te rs  a ssu m ed  in  th is s tu d y , w hich  m ay ch an g e  in  th e  fu tu re , it is co n c lu d ed  th a t:

-  fo r  sh o rt ISS lin k s , w here  the  o rb ita l se p a ra tio n  is on  th e  o rd e r  o f  4 ° , it m ay  n o t be  d e s irab le  to  p lace  a  BSS 
in  b e tw een : it m ay  be m o re  d e s irab le  to  p lace  the  b ro a d c a s tin g  sa te llite  o u ts id e  th e  o rb ita l a rc  o ccu p ied  by  th e  
ISS satellites.

-  fo r  ISS o rb ita l se p a ra tio n s  o f  10° a n d  g rea te r, it is p o ss ib le  to  p lace  th e  b ro a d c a s tin g  sa te llite  in  b e tw een . As 
th e  ISS o rb ita l se p a ra tio n  in creases , th e  ran g e  ov er w h ich  b ro a d c a s tin g  sa te llites m ay  be a cc o m m o d a te d  
w ith in  the  o rb ita l a rc  be tw een  th e  ISS sa te llites , a n d  th e re fo re  th e ir  n u m b e r, increases.

-  as fo r  in te rfe re n c e  to  th e  BSS rece iver by  em iss io n s in  th e  ISS, th e re  m ay  b e  no  in te rfe re n c e  b y  sh o rt ISS 
lin k s w ith  trac k in g  a n te n n a s ;  how ev er, the  w orst case  o f  in te rfe ren ce  m ay  arise  from  sh o rt  ISS lin k s w ith  
n o n -tra c k in g  a n te n n a s  fo r  a n  o rb ita l se p a ra tio n  b e tw een  tw o ISS sa te llites  less th an  6° a n d  b e tw een  tw o 
sa te llites  in  th e  BSS a n d  ISS n early  e q u a l to  0° . I f  th e  ISS sa te llites w ith  p o in tin g  e rro rs  a re  as in d ic a te d  in  
T a b le  I I ,  th ere  m ay  be  no  in te rfe ren ce .

A d d itio n a l s tu d y  is re q u ire d  to  d e te rm in e  th e  a m o u n t o f  in te rfe ren ce  fo r  b ro a d c a s tin g  sa te llites  a n d  ISS
sa te llite s  o f  d iffe re n t ch arac te ris tic s .
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Orbital separation between ISS 1 and ISS 2, 0: (degrees)

a/ 0; as a function of orbital separation, 0,, between ISS 1 and BSS, 
for a value of C/7 of 40 dB

Orbital separation between ISS 1 and ISS 2, 0: (degrees)

b) 01 as a function of C /I for 0, =0°

FIGURE 4 — Orbital separation between two ISS satellites. 0-, and  
the worst value o f  interference ratio. C/I at the BSS receiver

Curves A: ISS with tracking satellite antennas
B: ISS with non-tracking satellite antennas
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IN TER -R EG IO N A L SH A R IN G  O F  TH E 11.7 TO 12.75 G H z FR EQ U EN C Y
BAND BETW EEN  TH E  B R O A D C A STIN G -SA TELLITE SERV IC E 

AND T H E  FIX ED -SA TELLITE SER V IC E

(Q u estio n  1 /1 0  a n d  11, S tudy  P ro g ram m e  1 A /1 0  a n d  11)

(1978-1982-1986-1990)

1. Introduction

As a resu lt o f  d iffe ren t reg io n a l a llo c a tio n s  to  the  fixed -sa te llite  se rv ice  a n d  th e  b ro a d c a s tin g -sa te ll i te  
serv ice  in  the  12 G H z  b a n d , several in te r-reg io n a l sh a rin g  s itu a tio n s  a rise  b e tw een  these  sp ace  serv ices.

T he W o rld  A d m in is tra tiv e  R ad io  C o n fe ren ce  fo r p la n n in g  the b ro a d c a s tin g -sa te ll i te  serv ice  in  th e  t2  G H z  
freq u en cy  b a n d , G en ev a , 1977 to o k  th e  fo llo w in g  a c tio n :

-  it a d o p te d  a d e ta iled  o rb ita l p o sitio n  a n d  freq u en cy  assig n m en t P lan  fo r th e  b ro a d c a s tin g -sa te ll i te  serv ice  in
R eg ion  I (11.7 to  12.5 G H z) a n d  R eg ion  3 (11.7 to  12.2 G H z);

-  it a d o p te d  a set o f  p ro v is io n s  g o v e rn in g  the  b ro a d ca s tin g -sa te llite  serv ice  in R eg ion  2 p e n d in g  th e  e s tab lish ­
m en t o f  a d e ta ile d  p lan . T hese  p ro v is io n s  in c lu d ed  d iv is io n  o f  the a v a ilab le  o rb ita l a rc  in to  se p a ra te  seg m en ts 
fo r  the  b ro a d ca s tin g -sa te llite  serv ice  a n d  the  fixed -sa te llite  serv ice , a n d  a R eg io n a l A d m in is tra tiv e  C o n fe ren c e  
to  be he ld  n o t la te r th an  1982 fo r the  p u rp o se  o f  c a rry in g  o u t d e ta ile d  p la n n in g  fo r th e  b ro a d c a s tin g -sa te ll i te  
a n d  fixed -sa te llite  serv ices in R eg ion  2 (see R e co m m en d a tio n  N o. Sat-8  o f  th e  W A R C -B S -77  (see a lso  
R eso lu tio n  N o. 701 o f  the  W A R C -79).

S u b seq u en tly , the W A R C -79  a llo c a ted  se p a ra te  freq u en cy  b a n d s  fo r  th e  tw o sp ace  serv ices in R eg io n  2,
th u s o b v ia tin g  th e  need  fo r o rb ita l a rc  seg m en ta tio n  (see R eso lu tio n  N o . 504 o f  the  W A R C -79). T he  b a n d
a llo c a ted  to  the b ro a d ca s tin g -sa te llite  serv ice  has a low er lim it o f  12.2 G H z  as d e te rm in e d  a t th e  R eg io n a l 
A d m in is tra tiv e  R ad io  C o n fe ren c e , R A R C  SA T-83 — a n d  an  u p p e r  lim it o f  12.7 G H z. T he v a rio u s  sp ace  serv ice  
sh a rin g  s itu a tio n s  a re  su m m arized  in  T ab le  I w h ich  m akes re fe ren ce  to  th e  a p p lic a b le  fo o tn o te s  in  th e  R ad io  
R eg u la tio n s . T ab le  I does n o t in c lu d e  the  te rre s tria l serv ices a llo c a ted  in the  b a n d  11.7 to  12.75 G H z.

C h a rac te ris tic s  o f  ty p ica l fixed -sa te llite  system s a re  c o n ta in e d  in  R e p o rt 207. H o w ev er, in R eg io n  1, th e
b a n d  12.5 to  12.75 G H z  (see n o te) is a llo ca ted  exclusively  to  the fix ed -sa te llite  serv ice  w h ich  m ay  m ak e  its 
p a ram e te rs  d if fe re n t from  fix ed -sa te llite  system s in w h ich  sh a rin g  is req u ired .

Note. — R ad io  R eg u la tio n  fo o tn o te s  848, 849 a n d  850 a llo c a te  th is b a n d  o n  a sh a red  b asis  to  o th e r  serv ices in  
som e c o u n trie s  o f  R eg ion  1.

2. Sharing between the broadcasting-satellite and fixed-satellite services

T he p ro b lem  o f  sh a rin g  b e tw een  the  b ro a d ca s tin g -sa te llite  serv ice a n d  th e  fix ed -sa te llite  serv ice , p a r tic u ­
larly  on  the  sp a c e -to -E a rth  p a th s , is a p ro b lem  o f  sh a rin g  betw een  d iss im ila r  (in h o m o g e n eo u s ) ne tw o rk s. T he  
fac to rs  th a t  ten d  to  en h an c e  o rb it-sp ec tru m  u tiliza tio n  are  reaso n ab ly  well u n d e rs to o d . T he  ex te n t to  w h ich  these  
fac to rs  can  a c tu a lly  be ex p lo ited  d e p en d s  on  m an y  o p e ra tio n a l,  e co n o m ic  a n d  d esig n  c o n s tra in ts .

S h a rin g  b e tw een  the  b ro a d ca s tin g -sa te llite  serv ice  serv in g  R eg ions 1 a n d  3 a n d  th e  fix ed -sa te llite  serv ice  
se rv ing  R eg ion  2 a n d  vice versa is a case  o f  sh a rin g  b e tw een  d iss im ila r  n e tw o rk s  w ith  sp ec ia l fe a tu res :

-  th e  a rea s  served  by the tw o serv ices a re  se p a ra ted  g en era lly  by larg e  b o d ies  o f  w a te r  w ith  th e  b o u n d a r ie s  
ru n n in g  n o rth -so u th , w hich  fac ilita te s  sh a rin g  as th e  sid e -lo b e  d isc r im in a tio n  o f  th e  sp ace  s ta tio n  a n te n n a  will 
ten d  to  red u ce  the  in te rferen ce.

All R eg ions have  e s tab lish ed  d e ta ile d  P lans (R eg io n s  1 an d  3 in  1977, a n d  R eg ion  2 in  1983) fo r  the  
b ro a d ca s tin g -sa te llite  service.

■ REPORT 8 0 9 - 3 *  ‘ " . .

* This report should be brought to the attention of Study Group 4.

/
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TABLE I -  FSS and BSS sharing situations in the 12 GHz band

Frequency band 
(GHz) Region 1 Region 2 Region 3

11.7 to 12.1 BSS (S-E) FSS
BSS (FN 836)

(S-E)
(S-E)

BSS (S-E)

12.1 to 12.2 BSS (S-E) FSS or BSS
(FN 841)

(S-E) BSS (S-E)

12.2 to 12.3 BSS (S-E) FSS or BSS
(FN 841)

(S-E) FSS (FN 845) (S-E)

12.3 to 12.5 BSS (S-E) BSS
FSS (FN 846)

(S-E)
(S-E)

FSS (FN 845) (S-E)

12.5 to 12.7 FSS (S-E)
(E-S)

BSS
FSS (FN 846)

(S-E)
(S-E)

FSS
BSS (FN 847)

(S-E)
(S-E)

12.7 to 12.75 FSS (S-E)
(E-S)

FSS (E-S) FSS
BSS (FN 847)

(S-E)
(S-E)

(S-E): space-to-Earth FSS: fixed-satellite service
(E-S): Earth-to-space BSS: broadcasting-satellite service

. FN: footnote

S h a rin g  c rite ria  betw een  these  services can  be  e stab lish ed , in  p rin c ip le , in  te rm s o f  a p o w e r flu x -d en sity  
lim it o v e r the  a rea  to  be  p ro tec te d , o r  in  te rm s o f  a  m in im u m  o rb ita l se p a ra tio n  o f  space  s ta tio n s  in th e  tw o 
serv ices, o r in  te rm s o f  a  c o m b in a tio n  o f  b o th . A p p e n d ix  30 to  th e  R ad io  R e g u la tio n s  d ea ls  w ith  the  p ro b lem  
a c c o rd in g  to  th e  las t o f  these  cho ices.

C o n sid e rin g , in  a d d itio n , th a t th e  n o m in a l sp a c in g  b e tw een  sp ace  s ta tio n s  in  the  w estern  p o r tio n  o f  the  a rc  
se rv in g  R eg ion  1 is 6° acc o rd in g  to  the  P lan , th is m ean s th a t a  sp ace  s ta tio n  in  the  fix ed -sa te llite  service w ith  
c h a ra c te ris tic s  sp ec ified  in  the  R ad io  R eg u la tio n s  (o n -ax is  g a in  o f  th e  e a r th -s ta tio n  rece iv ing  a n te n n a  o f  53 dB  a n d  
s id e -lo b e  ga in  fo llo w in g  the  law :

G a in  (dB i) =  32 -  25 log  (p (1)

w here  tp is the  o ff-ax is  an g le  in  deg rees) co u ld  be  p laced  m id w ay  b e tw een  tw o  b ro a d c a s tin g  sa te llites serv ing  
R eg io n  1 p ro v id in g  its c h a ra c te ris tic s  a re  such  th a t  it c an  to le ra te  an  in te rfe rin g  fiu x -d en sity  o f  a b o u t 
— 161 d B (W /m 2) a t th e  sp ec ified  test p o in t. T h is im p o ses re s tr ic tio n s  o n  the  k in d  o f  serv ice  th a t c an  be p ro v id ed  
by  th e  fix ed -sate llite  system , a n d  m ay  p rev en t ce rta in  sen sitive  system s, such  as s in g le -c h an n e l-p e r-c a rrie r  (S C P C ) 
o r  2 4 -c h an n e ls -p e r-c a rrie r  system s from  using  these  o rb ita l p o s itio n s  a t c e rta in  frequencies. H o w ev er, n o t all 
o rb ita l lo ca tio n s  in  th e  P lan  use all po ss ib le  freq u en c ie s, a n d  it m ay  be  p o ss ib le  to  a c c o m m o d a te  such  c a rrie rs  a t 
these  frequencies.

S im ila r c o n s id e ra tio n s  a p p ly  to  the  fix ed -sa te llite  serv ice  in R eg io n s 1 a n d  3 sh a rin g  w ith  the  R eg ion  2 
b ro a d ca s tin g -sa te llite  service.

U n d e r  R eso lu tio n  N o. 503 o f  th e  W A R C -79 , th e  R eg ion  2 b ro a d ca s tin g -sa te llite  P lan  a d o p te d  in 1983 h ad  
to  tak e  in to  a cc o u n t th e  p la n n e d  R eg ion  1 a n d  3 b ro a d ca s tin g -sa te llite  serv ices in th e  o v e rla p p in g  freq u en cy  b a n d .
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3. Required orbital separation between fixed satellites of one Region and broadcasting satellites of another
Region [C C IR , 1978-82a a n d  b] .

In the  b a n d  12.5-12.7 G H z, it is po ss ib le  th a t b ro a d ca s tin g  sa te llites in R eg ion  2 c o u ld  cau se  in te rfe ren ce  
to  fix ed -sa te llite  service ea rth  s ta tio n s  in R eg ions 1 an d  3 a n d  sim ilarly  in the  b a n d  11.7-12.2 G H z  the R eg ion  1 
a n d  3 b ro a d c a s tin g  sa tellites co u ld  cau se  in te rferen ce  to  R egion  2 fixed sa tellites . H ow ever, th e  p o ss ib ility  o f  th is 
in te rferen ce  is g reatly  reduced  in m ost cases d ue  to  the se p a ra tio n  betw een co v erag e  a reas a n d  be tw een  satellites.

T he d isc rim in a tio n  o f  the tran sm ittin g  a n te n n a  p a tte rn  used  to  d ev e lo p  the BSS P lan  fo r R eg io n s 1 a n d  3 
(C u rv e  A o f  Fig. 1 in R ep o rt 810) is 5s 30 dB fo r ip/<p0 > 1.6. that is, a se p a ra tio n  betw een  th e  cov erag e  a reas  
g re a te r  th a n  1.6 b eam w id th s  as seen from  the  satellite . W hilst no such  p la te au  exists in the  e n v e lo p e  fo r th e  
R egion  2 tran sm ittin g  a n te n n a , by carefu l design  o f this a n te n n a  u sin g  sh a p e d  beam  tec h n iq u es  a n d  p ossib ly  
in c lu d in g  c o n tro lled  nulls , the ac tu a l d isc rim in a tio n  can  m eet o r  exceed th is c rite rio n  in p a r tic u la r  d irec tio n s  close 
to  the m ain  beam  a rea  [C C IR , 1982-86a],

A fu rth e r red u c tio n  o f  in te rferen ce  p o ten tia l derives from  the d isc r im in a tio n  o f  the  rece iv ing  a n te n n a  a t the  
FSS e a rth  s ta tio n , a n d  thus from  th e  a n g u la r  se p a ra tio n  o f  fixed  sa te llites in R eg io n s 1 a n d  3 fro m  b ro a d ca s tin g  
sa te llites in R eg ion  2 an d  vice versa.

F o r ex am p le , c o n sid e r a s itu a tio n  o f  a sm all FSS ea rth  s ta tio n  w ith  an  a n te n n a  re sem b lin g  a co m m u n ity  
recep tio n  BSS a n te n n a  fo r w hich  we co u ld  use the  a n te n n a  p a tte rn  as g iven  in  curve  A ' o f  Fig. 7, A n n ex  5, 
A p p e n d ix  30 (O R B -85) to  the R a d io  R egu la tions. A d isc rim in a tio n  o f  35 dB  is ach iev ed  a t a v a lu e  o f  <p/<Po ju s t 
less th an  10. Thus assu m in g  a 1° b eam w id th  a n te n n a  (m in im u m  c o m m u n ity  b ro a d c a s tin g  size p e r  A n n ex  5), an  
a p p ro x im a te ly  10° se p a ra tio n  o f  sa te llite  p o sitio n  w o u ld  ach ieve  a d isc r im in a tio n  o f  35 dB  in th e  same serv ice  
a rea .

T ak in g  in to  acc o u n t d isc r im in a tio n  d u e  to  both co v erage  a rea  a n d  sa te llite  se p a ra tio n s , a n d  assu m in g  a 
cov erag e  a re a  se p a ra tio n  o f  1.6 b e am w id th s  (as ab o v e) fo r a 30 dB d isc r im in a tio n , we n o te  th a t an  a d d itio n a l 
10 dB  d isc r im in a tio n  (fo r to ta l o f  40 dB ) will be ach ieved  (u sin g  Fig. 7, A n n ex  5, A p p en d ix  30 (O R B -85) to  the  
R ad io  R eg u la tio n s) a t ip/<po o f  1, w hich is 1° sa te llite  se p a ra tio n  fo r th e  rece iv in g  a n te n n a  assu m ed .

W hile  these  ex am p les illu s tra te  the p rin c ip le  o f  using  b o th  cov erag e  a rea  se p a ra tio n  a n d  sa te llite  a n g u la r  
se p a ra tio n  to  d e te rm in e  the  need  fo r c o o rd in a tio n  betw een  the  BSS in o n e  reg io n  a n d  the  FSS in a n o th e r  reg io n , 
the ac tu a l n eed  fo r c o o rd in a tio n  d e p en d s  on  the  p a r tic u la r  system s b e in g  im p le m e n ted , b u t c an  be q u ick ly  
d e te rm in e d  by the  sim p le  ca lcu la tio n  sh o w n  below :

C o o rd in a tio n  is no t req u ired  w hen:

D b s a t +  & f r x >  e . i . r . p . b s a t  — e -*-r -P-F s a t  +  P R  (2)

w here

D b  s a t ' -  D isc rim in a tio n  o f  BSS sa te llite  tra n sm it a n ten n a .

&F Rx '■ D isc rim in a tio n  o f  FSS ea rth  s ta tio n  receive a n te n n a .

e .i .r .p .B SAT: e.i.r.p . o f  BSS satellite.

e .i .r .p .FSAT: e.i.r.p . o f  FSS satellite.

PR : P ro tec tio n  ra tio  req u ired  by the FSS d o w n  link.

As o n e  ex am p le , a ssum e an  e .i .r .p .B SAT o f  60 dB W  a n d  an  e .i .r .p .FSAT o f  40 dB W  a n d  an  FSS e a r th  s ta tio n  
a n te n n a  o f  3.6 m d iam e te r (<p0 =  0.5°). If  the  respec tive  co v erage  areas a re  se p a ra te d  by a t least 1.6 b e am w id th , a 
DBsat ^  30 dB  will be p ro v id ed . F o r a p ro tec tio n  ra tio  o f  35 dB , the re q u ire d  D F Rx o f  25 dB  will be  ach iev ed  a t a 
(p/<pn o f  a p p ro x im a te ly  4 (from  C u rv e  A ' o f  Fig. 7 m en tio n ed  above) w h ich  c o rre sp o n d s  to  an  a n g u la r  se p a ra tio n  
b e tw een  the  FSS sa te llite  a n d  the  BSS sa te llite  o f  2°.

F u rth e r  s tudy  o f  specific  in te rfe ren ce  s itu a tio n s  is req u ired .

It sh o u ld  be n o ted  th a t as the  d iam e te r o f  the  FSS a n te n n a  is d ec reased , D FRx  d ecreases lin ea rly  th u s 
w o rsen in g  th e  sh a rin g  s itu a tio n . H ow ever the  ga in  o f  the  FSS a n te n n a  d ecreases by the  sq u are . T h u s , in th e  case 
w here  the  re m a in d e r  o f  the  link  b u d g e t p a ram ete rs  w ere desig n ed  for th e  sm a lle r  FSS a n te n n a , e .i .r .p .FSAT m ust 
in crease  by  the  sq u a re  as well -  w hich  ten d s to  im p ro v e  the sh a rin g  s itu a tio n . T h is is the  e q u iv a len t o f  say in g  
th a t the  use o f  sm all FSS receiv ing  a n te n n a s  (a n d  th u s h ig h er e.i.r.p. o f  FSS sa te llites) red u ces th e  in h o m eg en eity  
be tw een  such  system s a n d  BSS system s.

R e p o rt 873 trea ts  the  gen era l in te r-reg io n a l sh a rin g  s itu a tio n  by w ay o f  severa l ex am p les  o f  FSS system s. 
C o n c ern  is exp ressed  th a t sh a rin g  m ay p ro d u c e  d ifficu lties  fo r certa in  o rb ita l se p a ra tio n s  b e tw een  b ro a d ca s tin g  
sa te llites a n d  fixed sa te llites fo r th e  p a r tic u la r  c rite ria  a n d  p a ram ete rs  w hich  w ere a ssu m ed  fo r th e  FSS system s in 
R ep o rt 873.
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I n  p a r t i c u l a r  R e p o r t  873 d e a l s  w i t h  i n t e r f e r e n c e  b e tw e e n  t h e  FSS and  
a s s i g n m e n t s  i n  t h e  B S S .p la n s  f o r  a l l  t h r e e  ITU r e g i o n s .  I n  a d d i t i o n ,
R e s o l u t i o n  42 o f  WARC ORB-88 i n c o r p o r a t e d  t h e  c o n c e p t  o f  i n t e r i m  s y s t e m s  i n  th e  
R e g io n  2 p l a n .

T h i s  R e s o l u t i o n  p r o v i d e s  f o r  i n t e r i m  s y s te m s  t h a t  c o u l d  be  o p e r a t e d  by 
a d m i n i s t r a t i o n s  f o r  up t o  t e n  y e a r s ,  w i t h  c h a r a c t e r i s t i c s  t h a t  d i f f e r  f rom  th e  
a s s i g n m e n t s  t o  t h o s e  a d m i n i s t r a t i o n s  i n  t h e i r  u s e  o f  h i g h e r  e . i . r . p . s ,  i n  t h e i r  
m o d u l a t i o n  c h a r a c t e r i s t i c s ,  i n  t h e i r  c o v e r a g e  a r e a s  o r  c o m b i n a t i o n s  t h e r e o f ,  o r  
i n  t h e  s e n s e  o f  p o l a r i z a t i o n .  T h ese  d i f f e r e n c e s  c o u l d  i n c r e a s e  t h e  p o s s i b i l i t y  
o f  u n a c c e p t a b l e  i n t e r f e r e n c e  ( s e e  a n n e x  to  R e s o l u t i o n  4 2 ) .  ’

S i m i l a r l y ,  a s  s u g g e s t e d  i n  R e s o l u t i o n  5 1 9  o f  WARC ORB-88, a  f u t u r e  
c o m p e te n t  c o n f e r e n c e  s h o u l d  c o n s i d e r  t h e  i n t r o d u c t i o n  o f  some s o r t  o f  i n t e r i m  
BSS s y s te m s  i n  R e g io n s  1 a n d  3 a s  w e l l .

S t u d i e s  [CCIR, 1 9 8 6 -9 0 a ]  h a v e  shown t h a t  t h e  p f d  l i m i t s  s e t  f o r t h  i n  
R e s o l u t i o n  42 may n o t  b e  a d e q u a t e  t o  p r o t e c t  a l l  FSS n e tw o r k s  e m p lo y in g  d i g i t a l  
t r a n s m i s s i o n s  a s  d i s c u s s e d  i n  R e p o r t  873 . T h e r e f o r e ,  when e s t a b l i s h i n g  an y  su c h  
i n t e r i m  s y s t e m  p r o c e d u r e s  i n  R e g io n s  1 an d  3, due  a c c o u n t  s h o u l d  b e  t a k e n  o f  
s h a r i n g  b e tw e e n  BSS s y s te m s  and  FSS n e t w o r k s .

F u rth e r s tud ies w ere based  on  so m ew h at d iffe re n t c h arac te ris tic s  a n d  spec ific  c rite ria  fo r th e  FSS system s. 
F igu re  1 show s the  resu ltin g  re q u ire d  to p o ce n tric  a n g u la r  se p a ra tio n s  b e tw een  b ro a d c a s tin g  sa te llites  a n d  fixed 
sa te llites  fo r each o f  the  FSS system s co n sid ered .

5 a
6

Interfering PFD (dB(W/m1))

FIGURE 1 - Separation angle as a function o f  interfering pow er flux-density

25 log 0= C/7-C/7- 10 log 7*+ P F D -  11.3

Curves A : SCPC-PSK (C/7 = 18 dB, C /T = -172 dB(W/K), T = 200 K)
B : FDM-FM (C/7 - 28 dB, C /T = -150 dB(W/K), T = 100 K)
C : Wide-band data (N /I = 14 dB, T -  500 K, B = 2.4 MHz)
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In  the  a rea s a ro u n d  the  B ering  a n d  D e n m ark  S tra its , it is likely  to  be  ex trem ely  d iff icu lt to  ach iev e  
s ig n ifican t serv ice a rea  se p a ra tio n , so th a t sa te llite  p o s itio n  se p a ra tio n  w ill be th e  o n ly  so u rce  o f  d isc r im in a tio n , 
a n d  m ay be in ad e q u a te  in  an y  case  to  p ro v id e  a d eq u a te  p ro tec tio n  m arg in s. T h u s  c o -fre q u e n cy  in te r reg io n a l 
sh a rin g  in th is a rea  m ay be im p o ssib le  to  achieve. T h is is c learly  n o t a fa v o u ra b le  sh a rin g  c o n d itio n . O n e  w ay o f
a llev ia tin g  the  p ro b lem  w o u ld  be to  ag ree  to  use FSS receiv ing  e a r th  s ta tio n s  w ith  a  10 dB  lo w er s id e -lo b e
sensitiv ity  w here  they a re  lo ca ted  c losest to  the  R egion  2 BSS service a rea . O n  th e  BSS side  it m ay  be p o ss ib le  to  
use a very steep  BSS sa te llite  a n te n n a  sid e -lo b e  d ecay  [C C IR , 1982-86a] so  as to  a llow  FSS e a r th  s ta tio n s  in 
R eg io n  1 to  re lax  th e ir sid e -lo b e  sen sitiv ity , fro m  the  ab o v e  strin g en t v a lu e , ra p id ly  to w a rd s  m o re  n o rm a l va lu es 
w ith  in c reas in g  d is tan ce  from  the  R eg io n  2 BSS serv ice  area . In the a rea s  w h ere  W est A frica  a n d  E as te rn  S o u th  
A m erica  a re  c losest, som e serv ice  a rea  d isc r im in a tio n  d u e  to  sp ace  s ta tio n  a n te n n a  p a tte rn s  is ach iev ab le , 
d e p e n d in g  o n  the  cov erag e  a rea s  chosen . C o v e rag e  a rea s fo r b o th  FSS se rv in g  W est A frica  a n d  BSS se rv in g
E aste rn  S o u th  A m erica  sh o u ld  be ch o sen  tak in g  th is p o ss ib ility  in to  c o n s id e ra tio n . In  a d d itio n , ca re fu lly  ch o sen
sh a p e d -b e a m  sp a c ec ra f t a n te n n a s  c an  im p ro v e  th e  sh a rin g  s itu a tio n . .

F igu re  2 show s how  the s id e -lo b e  sensitiv ity  can  be re laxed  w ith  d is ta n c e  fo r v a rio u s  a ssu m ed  BSS sa te llite  
c o n s titu e n t b e am w id th s  (“ b e am le t” w idths).

It is observed that SCPC systems usually will require more protection than wide-band systems.

100 200 500 1000 2000
Coverage separation, d (km)

FIGURE 2 - Coverage edge isolation versus east-west coverage ground separation  

<p0 : broadcasting satellite constituent beamwidth
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G u id e lin es  fo r ac tu a l p ro tec tio n  req u irem en ts  a re  fo u n d  in  A n n ex  6 o f  A p p en d ix  30 (O R B -85) to  the  
R a d io  R eg u la tio n s . H o w ev er th e  pW Op (in te rfe ren ce  p o w er) re q u irem en ts  a re  n o t read ily  usab le  in th is e q u a tio n . 
F u rth e r  stu d y  is req u ired  on  the  c o n v ers io n  o f  in te rfe ren ce  p o w er in pW Op in to  a u sab le  C / l  p ro tec tio n  
re q u irem en t.

4. Use of atmospheric absorption in inter-regional calculations

A p p en d ix  30 (O R B -85) o f  th e  R ad io  R e g u la tio n s  a n d  the  F inal A cts o f  the  R A R C  SA T-83, Part I, in th e ir 
re sp ec tiv e  A nnexes 1 (c o n ce rn in g  m o d ific a tio n s  to  th e  respec tive  P lans) p ro v id e  th e  P F D  levels from  the  BSS in 
o n e  R eg io n  in to  the  o th e r w hich  w o u ld  trig g er c o o rd in a tio n  w ith respec t to  the  fix ed -sate llite  service. A lso, in the ir 
re sp ec tiv e  A nnexes 4, they  p ro v id e  th e  P F D  levels from  the FSS in o n e  R egion  in to  the  o th e r w hich  w ou ld  trigger 
c o o rd in a tio n  with resp ec t to  th e  BSS. T he c a lcu la tio n s  in the  d irec tio n  from  R egions 1 a n d  3 to  R egion  2 
(A n n ex  6, § 2, Part I o f  the  F ina l A cts o f  the  R A R C  SA T-83) is based  on  the  use o f  a tm o sp h e ric  a b so rp tio n . 
R e so lu tio n  N o. 9 o f  the  R A R C  SA T-83 is d irec ted , inter alia, to w a rd s  the  use o f  a tm o sp h e ric  a b so rp tio n  in the 
reverse  d irec tio n  as well.

A d iscussion  o f  a tm o sp h e ric  a b so rp tio n  is g iven  in § 5.3 o f  R e p o rt 631.

5. Conclusions

S h a rin g  be tw een  services in  th e  d iffe ren t reg io n s is g o v e rn ed  by th e  sh a rin g  c rite ria  a d o p te d  by  the 
W A R C -B S-77  a n d  by W A R C -79  ( in c lu d in g , in  p a r tic u la r , A p p e n d ix  30 a n d  R e so lu tio n s  N os. 31, 34, 700, 701, 703 
a n d  R e co m m en d a tio n  N o. 708). T he  system  ch ara c te ris tic s  a d o p te d  in  th e  P lans fo r  th e  b ro a d ca stin g -sa te llite  
serv ice  in  R egions 1 a n d  3 by th e  W A R C -B S-77  a n d  in  R eg ion  2 by  th e  R A R C  SA T-83 im p o se  re s tr ic tio n s  on  the 
use  o f  c e r ta in  o rb ita l p o s itio n s  n e a r  a n d  b e tw een  th e  sp a c e  s ta tio n s  o f  th e  P lan s fo r  ce rta in  sen sitiv e  fixed -sate llite  
serv ices. T hese  re s tric tio n s  can  be  a llev ia ted  to  som e d eg ree  by spec ia l d esig n  o f  th e  b ro a d ca s tin g -sa te llite  an te n n a .
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REPORT 807-3*

U NW ANTED E M ISSIO N S** FR O M  B RO A D C A STIN G -SA TELLITE 
SPA CE STA TIO N S

(Q u estio n  1 /1 0  a n d  11, S tudy  P ro g ram m e 2 E /1 0  a n d  11)

(1 9 7 8 -1 9 8 2 -1 9 8 6 -1 9 9 0 )

1. Introduction

Space  s ta tio n s  in the  b ro a d ca s tin g -sa te llite  serv ice  m ay  rad ia te  h igh  levels o f  e.i.r.p . a n d  co n seq u en tly  the  
level o f  th e  u n w a n ted  em iss io n s m ay  p ro d u c e  in te rfe ren ce  in n e tw o rk s u sin g  a d ja c e n t a n d  h a rm o n ica lly  re la ted  
b a n d s  fo r  o th e r services. T h is R e p o rt c o n sid e rs  u n w a n te d  em iss io n s fro m  sp ace  s ta tio n s  o p e ra tin g  in all b a n d s  
a llo c a ted  to  the  b ro a d ca s tin g -sa te llite  service. In  p a r tic u la r , som e p ro v is io n a l resu lts  o f  s tu d ies  a re  given in th is 
R e p o rt reg ard in g  u n w a n ted  em iss io n s from  a  b ro a d ca s tin g -sa te llite  space s ta tio n  a t the  low er a n d  u p p e r  edges o f  
the  12 G H z  b an d .

2. Possible sources of unwanted emissions from broadcasting satellites

T h e  sources o f  u n w a n ted  em iss io n  in to  a d ja c e n t b a n d s  from  a b ro a d ca s tin g -sa te llite  t r a n s p o n d e r  o p e ra tin g  
n e a r  the  edge o f  a b ro a d ca s tin g -sa te llite  freq u en cy  b a n d  a re:

— ra d ia tio n  d u e  to  freq u en cy  co n v e rs io n ;

— th ird -o rd e r  in te rm o d u la tio n  p ro d u c ts  cau sed  by  in su ffic ien t su p p re ss io n  o f  sig n a ls in  a d ja c e n t c h an n e ls  in the  
sa te llite  tra n s p o n d e r  b ra n ch in g  n e tw o rk ;

— th e rm al no ise  p o w er g en era ted  by the  sa te llite  t ra n s p o n d e r ;

— sp re ad in g  o f  the  signa l sp ec tru m  d u e  to  n o n -lin ea ritie s .

In  th e  fo llow ing , an  a tte m p t is m ad e  to  d ed u ce  th e  v a ria tio n  o f  th e  sp e c tra l p o w er flu x -d en s ity  (P F D ) as a 
fu n c tio n  o f  freq u en cy  d iffe ren ce  fro m  the  c h an n e l cen tre . T he ab so lu te  v a lu es o f  the sp ec tra l P F D  are  re la ted  to  
th e  m ax im u m  P F D  req u ired  fo r te lev is io n  b ro a d c a s tin g  as g iven , fo r ex am p le , in R ep o rt 215.

A n o th e r p o ssib le  sou rce  o f  u n w a n te d  em iss io n s , in  th is case, b e y o n d  a d ja ce n t b a n d s , is a  h a rm o n ica lly  
re la ted  sp u rio u s  em ission  from  a b ro a d c a s tin g  sa tellite .

2 . 1  S p u r i o u s  e m i s s i o n  due t o  f r e q u e n c y  c o n v e r s i o n

S p u r i o u s  e m i s s i o n s  g e n e r a t e d  b y  t h e  f r e q u e n c y  c o n v e r s i o n  p r o c e s s  an d
t h e  l o c a l  o s c i l l a t o r  s o u r c e  n e e d  t o  b e  t a k e n  i n t o  a c c o u n t  i n  t h e  i m p l e m e n t a t i o n
o f  BSS s y s t e m s .

T a b l e s  I  a n d  I I  show f o r  e x am p le  t h e  d o w n - l i n k  f r e q u e n c i e s  t h a t  w o u ld  
b e  a f f e c t e d  b y  h i g h  o r d e r  f r e q u e n c y  c o n v e r s i o n  p r o d u c t s  (up  t o  t h e  1 0 t h  o r d e r )  
f o r  s p e c i f i c  t r a n s l a t i o n  f r e q u e n c i e s  f o r  R e g io n  2 . S i m i l a r  f a c t o r s  a l s o  a p p l y  i n  
g e n e r a l  t o  R e g io n s  1 a n d  3.

* T h i s  R e p o r t  s h o u l d  b e  b r o u g h t  t o  t h e  a t t e n t i o n  o f  S tu d y  G roup  1 a n d  t h e  IEC.

** Unwanted emissions consist of spurious emissions and out-of-band emissions. See Nos. 138, 139 and 140 of the Radio 
Regulations.
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C o n s i d e r i n g  che e f f e c t s  o f  i n t e r f e r e n c e  c a u s e d  by  s p u r i o u s  co m ponen ts  
r a d i a t e d  from  one BSS c h a n n e l  i n t o  a n o t h e r ,  t h e  p r o t e c t i o n  m a r g in s  i n h e r e n t  to  
t h e  BSS d o w n - l i n k  p l a n  s h o u l d  n o t  be  s i g n i f i c a n t l y  d e g r a d e d  b y  s u c h  
i m p l e m e n t a t i o n  f a c t o r s .  T h i s  i s  o n l y  l i k e l y  t o  b e  a  s i g n i f i c a n t  f a c t o r  f o r  
i n t e r f e r e n c e  from  a c o - l o c a t e d  s a t e l l i t e ,  an d  i n  t h e  c a s e  o f  c e r t a i n  v a l u e s  o f  
f r e q u e n c y  t r a n s l a t i o n  b e tw e e n  a  f e e d e r  l i n k  a n d  i t s  a s s o c i a t e d  down l i n k .  I n  
R e g io n s  1 an d  3, t a k i n g  i n t o  a c c o u n t  p o s s i b l e  pow er d i f f e r e n c e s  b e tw e e n  
d o w n - l i n k  c a r r i e r s  an d  t h e  p o s s i b i l i t y  o f  m u l t i p l e  i n t e r f e r i n g  s i g n a l s ,  an  
a p p r o p r i a t e  l i m i t  f o r  t h e  t o t a l  s p u r i o u s  e m i s s i o n  pow er r a d i a t e d  from  any BSS 
s a t e l l i t e  c h a n n e l  f a l l i n g  w i t h i n  any  d o w n - l i n k  c h a n n e l  i s  o f  t h e  o r d e r  o f  55 dB 
b e lo w  t h a t  o f  t h e  m ain  c a r r i e r ;  i . e .  t h e  c a r r i e r  f ro m  t h e  c h a n n e l  c a u s i n g  th e  
i n t e r f e r e n c e .  T h i s  f i g u r e  i s  r e a d i l y  r e a l i z a b l e ,  f o r  e x a m p le ,  i n  t h e  c a s e  o f  a 
s a t e l l i t e  u s i n g  a 5 .6  GHz f r e q u e n c y  t r a n s l a t i o n  i n  t h e  R e g io n  1 an d  3 P l a n  w i t h  
a  s i n g l e  f r e q u e n c y  c o n v e r s i o n  s t a g e .  D ual f r e q u e n c y  t r a n s l a t i o n  w i l l  r e d u c e  th e  
l e v e l  o f  i n - b a n d  s p u r i o u s  e m i s s i o n s .  Such  t e c h n i q u e s  c a n  be  u s e d  i f  r e q u i r e d .
The i n t e r f e r e n c e  l e v e l  a c t u a l l y  r e q u i r e d  t o  p r o t e c t  o t h e r  c h a n n e l s  from  t h i s  
s o u r c e  o f  i n t e r f e r e n c e  r e q u i r e s  f u r t h e r  s t u d y .  •

2.2 In te rm o d u la tio n  p ro d u c ts  c a u se d  b y  in su ffic ien t su ppress io n  o f  s ig n a ls  in a d ja c e n t ch an n els

W ith a care fu lly  d esigned  b ra n ch in g  filte r in se rted  a t a re la tiv e ly  lin e a r p o rtio n  o f  th e  tra n sp o n d e r , it
sh o u ld  be possib le  to su p p ress  the  s igna l in the  a d ja ce n t c h an n e ls  so th a t the in te rm o d u la tio n  p ro d u c ts  fa lling  in to
th e  a d ja ce n t b a n d  a re  o f  an  a cc ep tab le  level.

2.3 U n w a n ted  em iss io n  d u e  to  th e rm a l n o ise  p o w e r  g e n e r a te d  b y  the b ro a d c a s tin g -sa te lli te  tra n sp o n d e r

T h erm al n o ise  in the d o w n  lin k  is cau sed  by in te rac tio n  o f  the  th erm al n o ise  an d  the  R F  c a rrie r  in  the 
h ig h -p o w e r am p lif ie r  d u e  to  n o n -lin e a rity , by am p lif ic a tio n  a n d  tran sm iss io n  o f  receiver no ise , a n d  by re tra n sm is­
s io n  o f  received feed er-lin k  noise.

F igure  1 rep resen ts  th e  c a lcu la te d  resu lts [C C IR , 1974-78a] fo r the th e rm al no ise  sp ec tra l P F D  as a 
fu n c tio n  o f  frequency . T he tw o cu rves show n  re fe r to  d iffe re n t filte ring  c o n d itio n s  as n o ted  in th e  figure.

FIG URE 1 — Typical envelopes of the thermal noise power spectrum radiated by the high-power output 
amplifier of a broadcasting satellite 

Curves A : Transponder with typical filtering
B : Estimated performance of transponder with additional filter before power amplifier
C : Nominal channel bandwidth (27 MHz)

Note. -  The spectra shown by curves A and B assume the presence of an rf-carrier corresponding to a 
power flux-density of -9 4  dB(W/mJ) at the centre of the beam area and a carrier-to-noise power 
ratio of about 20 dB at the transponder output In the absence of a carrier, the thermal noise spectrum 
envelopes increase by about 9 dB.
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Band limiting on the feeder link and in the transponder leads to carrier envelope variations at the input to 
the transponder high power amplifier. This is typically a saturated amplifier which causes A M / P M  conversion, so 
the envelope variations will generate R F  intermodulation products, some of which will fall out of band. The 
transponder output filter is likely to have limited loss, so it will be unlikely to be very effective in removing 
out-of-band intermodulation products near to the band edge.

This intermodulation will be reduced by increasing the bandwidth of the feeder link and of the 
transponder preceding the high power amplifier, but this will increase the system noise bandwidth (see § 2.3).

The actual spectrum radiated by the satellite largely depends upon the television signal transmitted. In 
Fig. 2 computer calculated results on this subject [CCIR, 1974-78a] are presented for illustrative purposes. The 
signal used in the calculations of Fig. 2, curve B, was a television test signal in line 330, with a peak-to-peak 
deviation of 13 MHz. The signal used in the calculation of Fig. 2, curve A, consisted of 100% saturated colour 
bars. It should be noted that such a signal is not used in normal broadcasting. A  sound sub-carrier with a 
peak-to-peak deviation of 5.6 M H z  was associated with both television signals.

2.4 S p read ing  o f  the spectrum  o f  the  rad io-frequency signa l due  to n o n -linearities  .
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FIGURE 2 - Typical out-of-band envelopes o f  the radio-frequency spectrum radiated by a 
television broadcasting satellite

Curves A: envelope for 100 per cent colour-bar baseband signal, modulator A C  coupled 
B: envelope for line 330 insertion test signal, modulator A C  coupled 
C: nominal channel bandwidth (27 MHz)

Note 1. - For the left-hand scale, it is assumed that the e.i.r.p. of the satellite corresponds 
to a power flux-density of -94 dB(W/m2) at the centre of the beam for an unmodulated car­
rier.
Note 2. — Minimum energy dispersal of ± 7.9 kHz is assumed. ■
Note 3. -  Pre-emphasis according to Recommendation 405 is assumed.



642 R e p .  8 0 7 - 3

A d d itio n a l d a ta  sh ow ing  p o w e r sp ec tra l d en sity  en v elo p es o f  te lev is io n  signals b ased  u p o n  lab o ra to ry  
m easu rem en ts  in th e  U n ited  S ta tes o f  A m erica  [C C IR , 1978-82a] a re  show n  in A n n ex  I. T he signa l used in these 
m ea su re m e n ts  w as an  FM  c a rr ie r  w ith  a  d ig ita l (4 -P S K ) a u d io  su b -c a rrie r  (693 k b i t / s  d a ta  ra te  a t a su b -carrie r 
f req u en cy  o f  5.5 M H z) w ith  a 75% N T S C  co lo u r ba r. M easu rem en ts  fo r b o th  18 M H z an d  27 M H z b a n d w id th s  
w ere m ad e  w ith several d iffe ren t s igna l d e v ia tio n s  ( in c lu d in g  o v e r-d ev ia tio n ). N o  energy  d isp e rsa l w aveform  w as 
used , n o r  was any  sig n ifican t R F  filte rin g  ap p lied .

2.5 Spurious emissions due to harmonics

A n n ex  II n o tes  the  h a rm o n ic s  o f  the  v a rio u s b a n d s  a llo c a ted  to  the  b ro a d ca stin g -sa te llite  serv ice  an d  o th e r 
sp ace  serv ices w hich  o p e ra te  a t th o se  freq uencies. S tud ies in th e  U SA  have  sh o w n  th a t i f  sp u rio u s  em issions a t 
h a rm o n ic s  o f  the  fu n d a m e n ta l freq u en cy  are  o f  the  o rd e r  o f  60 dB  be low  th e  level o f  th e  fu n d a m e n ta l in te rferen ce  
to  o th e r  serv ices o p e ra tin g  a t these  freq u en c ies  m ay  n o t be s ig n ifican t [C C IR , 1978-82b].

G en era l c rite ria  fo r p ro tec tio n  in c lu d e : p o w er level, frac tio n  o f  to ta l sky cov ered  a n d  p e rcen tag e  o f  tim e
ex ceeded . P ro tec tio n  is u sua lly  ach iev ed  by g e o g rap h ica l sh a rin g ; “ lin e -o f-s ig h t” sh a rin g  is d ifficu lt, b u t m ax im um  
a llo w ab le  line-o f-sigh t e .i.r.p .s a re  g iven  in Fig. 3.

T he  lik e lih o o d  o f  h a rm fu l in te rfe re n c e  to  the  serv ices sh o w n  in A n n ex  II h as n o t been  assessed  excep t fo r
th e  case  rev iew ed  in  § 3.3. F u rth e r stu d y  is necessary .

3. Protection of other services from  unwanted emissions

G u a rd  b a n d s  necessary  to  p ro tec t th e  serv ices o p e ra tin g  in  a d ja c e n t b a n d s  from  u n w a n te d  em issions o f  
12 G H z  b ro a d c a s tin g  sa tellites in R eg io n s 1 a n d  3 a re  d iscussed  in § 3.9 o f  A n n ex  5 to  A p p e n d ix  30 (O R B -85) to  
th e  R a d io  R egu la tions.

F o r  sp ace  s ta tio n s  in th e  b ro a d ca s tin g -sa te llite  serv ice  in  o th e r b a n d s , a d ja ce n t serv ices m ay  sim ilarly  be  
p ro te c te d  by e s tab lish in g  a p p ro p r ia te  g u a rd -b a n d s . T h e  w id th  o f  these  g u a rd  b a n d s  will d e p e n d  o n  fu tu re  
d ec is io n s  co n ce rn in g  the  m in im u m  levels to  be p ro tec te d , o n  c u rre n t f ilte r  te c h n o lo g y  (e.g. ro ll-o ff  in  d B /M H z )  
a n d . on  th e  b a n d w id th  o f  the em iss io n  fro m  the  b ro a d ca s tin g -sa te llite  service.

A lso , the w id th  o f  the  g u a rd -b a n d s  d e p en d s  u p o n  e q u ita b le  a p p lic a tio n  o f  the  p rin c ip le  o f  sh a rin g  the  
b u rd e n  o f  p ro tec tio n , th a t is, se rv ices in  a d ja ce n t b a n d s  sh o u ld  em p lo y  d esig n s a ffo rd in g  a m ax im u m  feasib le  
p ro te c tio n  from  in te rfe ren ce  o u ts id e  th e  b a n d w id th  req u ired  fo r sa tis fac to ry  serv ice  (see fo r e x am p le  N o. 301 o f  
th e '.R ad io  R eg u la tions).

S tud ies in th e  U SA  have  sh o w n  th a t u n w a n te d  em iss io n s im m ed ia te ly  o u ts id e  th e  a llo c a ted  b a n d  can  be 
red u ced  by  filters w ith  a  ro ll-o ff  o f, fo r  ex am p le , 2 d B /M H z , w hich  co u ld  c o n tin u e  to  an  a tte n u a tio n  o f  80 dB , 
d e p e n d in g  on  filte r d e sign , b u t such  a tte n u a tio n  m ay  n o t be  realized  a t freq u en c ie s fa r rem o v ed  from  the  carrie r.

3.1 >Fixed-satellite service

R ep o rt 712 ad d resses th e  p ro te c tio n  o f  fixed -sa te llite  e a rth  s ta tio n s  o p e ra tin g  in  a d ja ce n t b a n d s  a g a in s t 
u n w a n te d  em iss io n s fro m  12 G H z  b ro a d ca s tin g -sa te llite  space  s ta tio n s  a n d  gives th e  va lues o f  m ax im u m  a llo w ab le  
p o w e r flux -d en sity  (P F D ) at th e  edge  o f  th e  b a n d  th a t w o u ld  p ro d u c e  no  m o re  th a n  500 pW Op o f  in te rfe ren ce  in 
th e  w o rs t ch an n e l o f  an  F D M -F M  c a rr ie r  in the  fix ed -sa te llite  service  w hose  sp ace  s ta tio n  is c o -lo ca ted  an d  serves 
th e  sam e  area.

A t 12.5 to  12.75 G H z, a v a lu e  fo r a spec ific  FSS system  is sh o w n  as — 171.2 d B (W /(m 2 • 4 kH z)). N o such  
l im it  is d e fin ed  fo r th e  12.1 to  12.2 G H z  freq u en cy  b an d .
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TABLE I — Space-to-Earth frequencies in B C -SA T  Region 2 affected  
by harmonic mixing product o f (9 fLo — 2fFL)

Space-to-Earth
frequency
(GHz)

Local oscillator 
frequency 
(GHz)

Feeder-link frequency 
(GH z)

12.11 . 5.19 17.30
12.13 5.20 17.33 -
12.16 5.21 17.37
12.18 5.22 17.40
12.20 5.23 17.43
12.23 5.24 17.47
12.25 5.25 17.50
12.27 5.26 17.53
12.30 5.27 17.57
12.32 5.28 17.60
12.34 5.29 17.63
12.37 5.30 17.67
12.39 5.31 17.70
12.41 5.32 17.73
12.44 5.33 17.77
12.46 5.34 17.80
12.48 5.35 17.83
12.51 5.36 17.87
12.53 5.37 17.90
12.55 5.38 17.93
12.58 5.39 17.97
12.60 5.40 18.00

TABLE II — Space-to-Earth frequencies in B C -SA T Region 2 affected  
by harmonic mixing product o f  (bfL0 — fn J and (3/«, — i f  to )

Space-to-Earth 
frequency 
(GHz)

Local oscillator 
frequency 
(GHz)

Feeder-link frequency 
(GHz)

12.50 5.00 17.50
12.52 5.01 17.53
12.53 5.01 17.54
12.55 5.02 17.57
12.57 5.03 17.60
12.58 5.03 17.61
12.60 5.04 17.64
12.62 5.05 17.67
12.63 5.05 17.68
12.65 5.06 17.71
12.67 5.07 17.74
12.68 5.07 17.75



644 Rep. 807-3

Frequency (GHz)

FIGURE 3 - Maximum allowable e.i.r.p. fo r sharing transmitters 
within line-of-sight o f  a radioastronomy observatory

Curves A: space transmitter in geostationary orbit 
B: terrestrial transmitter at 600 km

To achieve compatibility between unwanted emissions from broadcasting-satellite space stations and
permissible levels of interference in the fixed-satellite earth stations, a combination of the following provisions
may have to be made:

a) provide for adequate angular separation between the orbit location of satellites in the broadcasting-satellite 
service and the fixed-satellite service;

b) provide adequate output filtering in the transmitter of the broadcasting-satellite space stations or in the 
receivers of the fixed-satellite earth stations, or both;

c) provide adequate frequency separation between the centre of the lowest channel occupied by an emission
from a broadcasting-satellite space station and the previously defined protected frequency of the fixed-satellite
service.

In the interests of minimizing a  p r io r i constraints on system design in both services, it may be undesirable 
or impractical to rely on filtering requirements alone, as outlined under b) above; however, a relationship between 
pertinent system parameters including orbit spacing between satellite locations and frequency separation between 
“protected frequency” and channel centre frequency, as outlined under a) and c) above, can be developed.
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3.2 Fixed and mobile services

U n w an ted  em issions fro m  b ro a d c a s tin g  sa te llites in to  fixed  a n d  m o b ile  services a re  d iscu ssed  in 
R ep o rt 789. '

3.3 Radioastronomy service

S tu d ies have show n th a t  h a rm o n ic  ra d ia tio n  from  certa in  c h a n n e ls  o f  R eg io n s 1 a n d  3 b ro a d c a s tin g  
sa te llites in to  ra d io a s tro n o m y  b a n d s  need  to  be su p p re ssed  w ith  a p p ro p r ia te  o u tp u t  filters [C C IR  1982-86a], 
U n w an ted  em iss ions , ex p ressed  as ra d ia te d  sp ec tra l d en sity  in any  d ire c tio n  to  E a rth , in th e  23.6 G H z  to  24 G H z  
b a n d  (c h an n e ls  5 to  15 in the P lan  fo r R eg ions 1 an d  3) sha ll be less th a n  —70 d B (W /H z )  a n d  in  th e  36.4 to
36.5 G H z  b a n d  (ch an n e ls  22 to  24 in th e  P lan  fo r R eg ions 1 an d  3) less th a n  —65 d B (W /H z ) , b a se d  on  th e  
p ro tec tio n  re q u irem en ts  set fo rth  in R e p o rt 224.

W hen  c a lcu la tin g  the  m ag n itu d e  o f  u n w a n ted  em iss ions , freq u en cy  d isp e rsa l g a in  o f  61 d B /H z  is a ssu m e d  
fo r the  24 G H z  b a n d  based  on  2 x 600 kH z, a n d  63 d B /H z  fo r the 36 G H z  b a n d  b a se d  o n  3 x 600 kH z.

T hese  ra d ia tio n s  levels w o u ld  en su re  a w o rld -w id e  p ro tec tio n  o f  ra d io a s tro n o m y  o b se rv a tio n s  a g a in s t 
h a rm o n ic  ra d ia tio n  o f  b ro a d c a s tin g  sa te llites , p ro v id ed  the  ga in  o f  th e  ra d io a s tro n o m y  a n te n n a  in  th e  d ire c tio n  o f  
b ro a d ca s tin g -sa te llite  p o sitio n s  is n o  g re a te r  th an  th a t o f  an  iso tro p ic  a n te n n a .

T y p ically , a b o u t 60 dB  o f  h a rm o n ic  su p p re ss io n  will be  req u ired  to  e n su re  th is  p ro tec tio n . T ra n sm it filte rs  
o f  c o n v e n tio n a l desig n  can  p ro v id e  th is p ro tec tio n  w ith  little  w eigh t o r  p e r fo rm a n c e  p en alty .

3.4 Space operations service

C o n s id e ra tio n  is c u rre n tly  b e in g  g iven  to  acc o m m o d a tin g  th e  sp ace  o p e ra t io n  sig n a ls  o f  b ro a d c a s tin g  
sa te llites  in R eg ions 1 a n d  3 w ith in  th e  g u a rd  b a n d s  a t the  edges o f  th e  b a n d s  a llo c a te d  to  sa te llite  b ro a d c a s tin g  o r  
to  feed er links. T hese  s igna ls m ay  su ffe r  in te rfe ren ce  fro m  th e  o u t-o f-b a n d  re s id u a l sp e c tru m  o f  te lev is io n  sig n a ls  
em itted  o r  rece ived  by  th e  b ro a d c a s tin g  sa tellites . In  th e  case  o f  the  feed e r lin k , th e  m ain  so u rce  o f  in te rfe re n c e  is 
th e  s igna l o n  th e  ch an n e l a d ja c e n t to  these  g u a rd  b a n d s  (c h an n e l 1 o r  c h a n n e l 40). In  th e  case  o f  th e  d o w n  lin k , 
th e  p ro b lem  is m o re  com p lex . T h e  te lev is io n  signal on  the  a d ja c e n t c h a n n e l is a lso  a p o te n tia l  so u rc e  o f  
in te rfe ren ce  b u t o th e r  sou rces ex is t, in p a r tic u la r  the  in te rm o d u la tio n  p ro d u c ts  c rea te d  in sa te llite  re p e a te rs  
b e tw een  te lev is io n  s igna ls on  d iffe re n t c h an n e ls  (e.g. c h an n e ls  39 a n d  40). T h ese  m ay  a ffec t the  te lem e try  b a n d .

T ests o n  these  risks o f  in te rfe re n c e , c o n d u c ted  in  F ra n c e  [C C IR , 1982-86b], h av e  p ro v id e d  th e  n ecessa ry  
c o n d itio n s  to  en su re  a g o o d  tra n sm iss io n  o f  sp ace  o p e ra tio n  signals. R e p o rt 1076 c o n c e rn in g  th e  sp ace  o p e ra t io n  
serv ice  tak es in to  a cc o u n t the  p r in c ip a l resu lts  o f  these  tests.

4. Conclusions

It is co n c lu d ed  th a t  th e  u n w a n te d  em iss io n s fro m  a  b ro a d c a s tin g -sa te ll i te  sp ace  s ta tio n  m ay  n o t be 
n eg lig ib le  a n d , in  th e  case  o f  a d ja c e n t b a n d  in te rfe ren ce , a re  cau sed  p r im a r ily  by  th e rm a l n o ise  a n d  by  freq u e n c y  
m o d u la tio n  o f  th e  c a rr ie r  by th e  v id eo  w av efo rm  chosen . T h e  resu lts  p re se n te d  in  th is  R e p o rt c an  b e  u sed , w h ere  
a p p ro p ria te ,  to  d ed u ce  th e  w id th  o f  p o ss ib le  g u a rd  b a n d s  be tw een  th e  12 G H z  b a n d  a n d  a d ja c e n t b a n d s  u sed  fo r 
o th e r  services. H ow ever, c au tio n  sh o u ld  be  u sed  to  av o id  a p p ly in g  th e  re su lts  to  c o n d itio n s  d iffe rin g  fro m  th o se  
p re sen te d  h e rein . A d d itio n a l s tu d y  a n d  m easu rem en ts  a re  req u ired  o n  th is  su b ject. I f  it is p ra c tic a b le  to  use  R F  
filte rs o r  n a r ro w b a n d  m u ltip lex e rs  a t th e  o u tp u t o f  th e  b ro a d c a s tin g -sa te llite  t r a n s p o n d e rs  w h ich  h av e  sh a rp  
c h an n e l-e d g e  d ecay  ra tes , th en  th e  g u a rd  b a n d s  co u ld  be  red u ced  (W A R C -79).

R eferen ces have  a lso  b een  p ro v id e d  re la tin g  to  th e  re q u irem en ts  o f  th e  f ix ed -sa te llite , fix ed , m o b ile  a n d  
ra d io a s tro n o m y  serv ices in  term s o f  u n w a n te d  em iss io n s in to  a d ja ce n t a n d  h a rm o n ic a lly  re la te d  f req u e n c y  b a n d s , 
w h ich  m ust be  acc o u n te d  fo r in th e  design  o f  th e  sp ace  segm en t o f  th e  b ro a d c a s tin g -sa te ll i te  system .
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A N N E X  I

UNWANTED EMISSIONS FROM BROADCASTING SATELLITES - RESULTS 
OF LABORATORY MEASUREMENTS USING A TRANSPONDER SIMULATOR

1. Introduction

T his A n n ex  p resen ts  th e  resu lts  o f  la b o ra to ry  m easu rem en ts  o f  the  em iss io n  c h a rac te ris tic s  o f  a sa tellite  
t r a n s p o n d e r  w ith  b a n d w id th s  a n d  TV signa l c h a rac te ris tic s  ty p ica l o f  system s th a t co u ld  o p e ra te  in the 
b ro a d ca s tin g -sa te llite  service (B SS) in  R egion  2. T h e  resu lts fo r  tw o d iffe re n t filte r b a n d w id th s  a n d  several signa l 
d e v ia tio n s  a re  p re sen ted . •

2. Test param eters

System  M /N T S C  v id eo  o n  a freq u en cy  m o d u la ted  c a rr ie r  w ith  a d ig ita l (4 -P S K ) a u d io  su b -c a rrie r  was 
used  fo r  the sp ec tru m  m easu rem en ts . Several d iffe re n t v ideo  signa l d e v ia tio n s  w ere tested , b u t in all cases the  
a u d io  su b -c a rrie r  w as a  693 k b i t / s  d a ta  s tream  w ith  a n o m in a l b a n d w id th  o f  0.8 M H z. T he a u d io  su b -c a rrie r  w as 
c e n tre d  a t  5.5 M H z in the  v ideo  b a se b an d .

T he c o m p o s ite  v ideo  b a se b a n d  w as freq u e n c y -m o d u la te d  a n d  b a n d p a s s  filte red . T he o u tp u t  o f  th is filte r 
w as u p -c o n v e rted  a n d  fed to  th e  sa te llite  s im u la to r. A t th e  o u tp u t  o f  the  s im u la to r , a sp ec tru m  a n a ly ze r  w as used  
to  re c o rd  the  signal sp ec tra l d en sity . N o  s ig n ifican t R F  filte rin g  w as u sed  a f te r  th e  trav e llin g  w ave tu b e  a m p lif ie r  
(T W T A ). .

A helix  ty p e  T W T A  w as u sed  as th e  tra n s p o n d e r  a m p lif ie r  fo r  these  tests. T h is T W T A  is s im ila r  to  th o se  
u sed  o n  the  In te lsa t-IV  satellites.

A ll tests w ere m ad e  w ith  th e  in p u t sp ec tru m  g e n era te d  by  a  75% N T S C  c o lo u r  b a r  signal w ith  
p re -em p h as is .

3. Test results

T h e  p o w er sp ec tra l flux  d e n sity  en v elo p es o f  th e  F M -m o d u la te d  TV sig n a ls  a re  sh o w n  in Figs. 4 a n d  5 (see 
N o te  1). T h e  in -b a n d  sp ec tra l flux  d e n sity  en v e lo p e  is sh o w n  as a d a sh e d  line  w ith in  th e  ch an n e l b a n d w id th  (see 
N o te  2).

A ll tests w ere c o n d u c te d  w ith  th e  sa te llite  tra n s p o n d e r  trav e llin g  w ave  tu b e  a m p lif ie r  o p e ra tin g  a t 
s a tu ra tio n . It sh o u ld  be  n o te d  th a t  th e  p o w er sp ec tra l flux  d en sity  en v e lo p es  g en era lly  exceed  th e  a m p litu d e  
re sp o n se s  o f  the  respec tive  IF  filte rs. T h e  en v elo p es re flect th e  sp re a d in g  o f  th e  sp ec tru m  cau sed  by  th e  n o n -lin e a r  
o p e ra t io n  o f  th e  sa te llite  t r a n s p o n d e r  T W T A . T h e  sp e c tru m  sp re a d in g  is s ig n ific a n t fo r  th e  “ o v e r-d e v ia tio n ” test 
c o n d itio n s .

Note 1. — T he  ab so lu te  sp ec tra l p o w er-flu x  d e n sity  va lues sh o w n  o n  each  fig u re  a re  b a sed  u p o n  an  a ssu m ed
p o w e r-flu x  d en sity  o f  - 1 0 5  d B (W /m ; ) a t th e  cen tre  o f  th e  beam  fo r  an  u n m o d u la te d  carrie r.

Note 2. — T he  in -b a n d  a n d  o u t-o f -b a n d  en v elo p es sh o w n  in Figs. 4 a n d  5 o u tlin e  the  p eak  (w o rs t case) va lues
a n d  th e re fo re  in te g ra tio n  o f  th e  cu rv es to  d e te rm in e  to ta l p o w er w ill y ie ld  m is lead in g  resu lts . A lso , it is n o t
a d v isab le  to  e x tra p o la te  the  en v e lo p e  cu rv es b ey o n d  th e  p o in ts  o n  th e  figures. .
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FIGURE 4 — Power spectral density envelopes fo r  18 M H z bandwidth

Curves A: peak deviation = 3.5 M H z  
B: peak deviation = 5.6 M H z  
C: peak deviation = 8.9 M H z  
D: peak deviation = 11.2 M H z  
E: in-band spectral flux-density envelope
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FIGURE 5 Power spectral density envelopes fo r  27 M H z bandwidth

Curves A: peak deviation = 5.3 M H z
B: peak deviation = 8.4 M H z
C: peak deviation = 13.3 M H z
D: peak deviation = 16.8 M H z
E: in-band spectral flux-density envelope
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A N N E X  II

SPACE-TO-EARTH A N D  INTER-SATELLITE SERVICE ALLOCATIONS 
AT 2 N D  A N D  3RD H A R M O N I C S  OF  BROADCASTING-SATELLITE ALLOCATIONS

TABLE III

Fundamental frequency 
in the BSS

2nd harmonics 
(services)

3rd harmonics 
(services)

2.5-2.69 GHz 5.0-5.38 GHz 
f Fixed-satellite 
I Inter-satellite

(see footnote No. 797 of 
the Radio Regulations)

7.5-8.07 GHz 
f Fixed-satellite 
i Meteorological-satellite

11.7 - 12.5 GHz (Region 1)
11.7 - 12.7 GHz (Region 2) 
11.7-12.2 GHz and 
12.5-12.75 GHz (Region 3)

23.4-25.5 GHz
J Earth exploration-satellite 
1 Radioastronomy

35.1 -38.25 GHz 
r  Earth exploration satellite 
■1 Space research 
L Fixed-satellite

22.5-23.0 GHz 
(Regions 2 and 3)

45.0 - 46.0 GHz 
f Mobile-satellite ' 
I Radionavigation-satellite

67.5-69.0 GHz. 
f Mobile-satellite 
I Radionavigation-satellite

40.5 -42.5 GHz 81.0-85.0 GHz 
r Fixed-satellite 
1 Mobile-satellite 
I Broadcasting-satellite

121.5-127.5 GHz r Earth exploration-satellite 
| Space research 
I Inter-satellite

84.0-86.0 GHz 168.0-172.0 GHz 

|  Inter-satellite

252.0-258.0 GHz 
r  Mobile-satellite 
« Radionavigation-satellite 
L Radioastronomy

R E P O R T  1076

CONSIDERATIONS AFFECTING THE ACCOMMODATION 
OF SPACECRAFT SERVICE FUNCTIONS (TTC) WITHIN THE 

BROADCASTING-SATELLITE AND FEEDER-LINK SERVICE BANDS
(Q u e stio n  2 /1 0  a n d  11, S tudy  P ro g ram m e  2 L /1 0  a n d  11)

(1986)

1. Introduction
T h e  R a d io  R e g u la tio n s  (N o . 25) s ta te  th a t sp a c ec ra ft service fu n c tio n s  (T T C ) w ill n o rm a lly  be p ro v id e d  

w ith in  th e  serv ice  in w hich  th e  sp ace  s ta tio n  is o p e ra tin g . T h e  W A R C -B S-77  p ro v id e d  no  sp ec ific  freq u en cy  slo ts 
fo r  these  fu n c tio n s  ex cep t th a t it re serv ed  g u a rd  b a n d s  a t the  edges o f  th e  11.7 G H z  to  12.5 G H z  b a n d  fo r  
R eg ion  1 a n d  11.7 G H z  to  12.2 G H z  fo r R eg io n  3. A c o m p a tib le  freq u en cy  p la n  is a ssu m ed  fo r th e  feed er lin k s in 
th e  17-18 G H z  b a n d  as well. T hese  g u a rd  b a n d s  co u ld  be used  fo r th e  T T C  sp a c e - to -E a rth  a n d  E a rth -to -sp ac e  
assig n m en ts .

It sh o u ld  be n o ted  th a t so m e  c o u n tr ie s  in R eg io n s 1 a n d  3 m ay  en v isag e  th e  e x p lo ita tio n  o f  the  14 G H z  
b a n d  fo r feed er links in th e  BSS. T h e  use o f  g u a rd  b a n d s  in th is  freq u en cy  reg io n  m ay  p re sen t d iff icu ltie s  b ecau se  
o f  sh a rin g  c o n s tra in ts  w ith  th e  FSS. F u r th e r  s tu d ies  a re  req u ired .
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As a m atte r o f  reco rd , the  R A R C  SA T-83 F ina l A cts spec ified  th a t space  services co u ld  be used  in the 
a ss ig n ed  g u a rd  b a n d s  o f  12 M H z at each  end  o f  the 12.2-12.7 G H z  a n d  17.3-17.8 G H z b an d s fo r R egion 2. T he 
d e s ired  a p p ro a c h  is to  iso late  T T C  a n d  b ro a d ca s tin g  links to the ex ten t th a t n e ith e r service is c o n s tra in e d  by the 
o th e r  w ith in  the lim its estab lish ed  by reg u la to ry  req u irem en ts .

T he  gu ard  b an d s are lim ited  w hen  one  co n sid e rs  the n u m b er o f  p o ten tia l BSS sa tellites w hich  m ay be 
lo ca ted  a t a single o rb ita l po sitio n . If  m an y  sa te llite  system s are co -lo ca ted  a t a single o rb ita l p o sitio n  w here  each 
system  m ay co m p rise  several sa te llites each  re q u irin g  T T C  ch an n e ls , excessive in te rferen ce  betw een  the  T T C  an d  
te lev is io n  b ro ad cas tin g  signals is a p o ss ib ility . T hus, it a p p ea rs  necessary  to  d evelop  tech n ica l g u id elin es for 
T T C  freq u en cy  assignm en ts. T his R e p o rt a ttem p ts to d e fin e  som e o f  the im p o rta n t c o n sid e ra tio n s  a sso c ia ted  with 
T T C  a ss ig n m en t stra teg ies an d  p ro v id es  som e tech n ica l d a ta  fo r e stim a tin g  in te rfe ren ce  betw een  T T C  an d  
b ro a d c a s tin g  an d  feeder-link  signals . T he suggested  sh a rin g  c riteria  have been deriv ed  fo r R eg io n s 1 and  3 
m o d u la tio n  ch arac te ris tics  w ith use b e in g  m ad e  o f  energy  d ispersa l. C o n se q u e n tly , resu lts m ay n o t be d irectly  
a p p lic a b le  for R egion  2 sa tellites.

A lth o u g h  these  g u id elin es a re  based  on the a p p lic a tio n  o f  t ra d itio n a l su b -ca rrie r  m o d u la tio n  tech n iq u es, it 
sh o u ld  ibe no ted  th a t a lte rn a tiv e  m o d u la tio n  system s a re  av ailab le . T hese  are  d iscussed  in § 4 o f  th is  R ep o rt.

T h e  a lte rn a tiv e  to  using  the  g u a rd  b a n d s  w o u ld  be to a cc o m m o d a te  T T C  assig n m en ts  in e ith e r n o n -u sed  or 
n o n -a llo c a te d  b ro a d ca s tin g  a n d  feed e r-lin k  ch an n e ls . Such p o ss ib ilities will exist fo r p ra c tic a lly  any  o rb ita l 
p o s itio n  a n d  frequencies will have to  be ag reed  on  a case-by-case  basis ra th e r th an  in a reg u la r m an n e r.

T T C  system  requirem ents

2.1 T TC  functions [CCIR.  1978-82a, b]

T h e  T T C  fu n c tio n s  to be p ro v id ed  in the  E arth -to -sp ac e  d irec tio n  are  te leco m m an d , ran g in g  a n d  sp acecraft 
a n te n n a  track in g  by m ean s o f  ra d io -fre q u en c y  sensing . In  the  sp a c e -to -E a rth  d irec tio n  the  fu n c tio n s  a re  telem etry , 
ra n g in g  .and  ea rth  s ta tio n  a n te n n a  track in g .

T h e  te leco m m an d  signals a re  ch ara c te riz ed  as n o n -c o n tin u o u s  low  d a ta  ra te  tran sm isso n s , w hereas 
te le m e try  signals a re  usu a lly  c o n tin u o u s  low  d a ta  ra te  tran sm iss io n s . R a n g in g  is u sua lly  acco m p lish ed  w ith 
n o n -c o n tin u o u s  to n e  o r  code ra n g in g  p ro cesso rs . A n te n n a  trac k in g  is p e rfo rm e d  w ith co n tin u o u s  R F  sensing  on  
C W  orssw ep t c a rrie r  s igna ls using  th e  resid u al c a rr ie r  o f  the  te leco m m an d  o r  te lem etry  signals as a p p ro p ria te .

2.2 iBandwidth requirements [C C IR , 1982-86a]

T h e  m in im u m  b a n d w id th  re q u ire m e n t fo r a  T T C  ch an n e l is d e te rm in e d  by the to n e  ra n g in g  tech n iq u es 
a n d  th e  stab ility  o f  the o n -b o a rd  local o sc illa to rs . A p p ly in g  tem p e ra tu re  c o n tro l tech n iq u es fo r  th is  o sc illa to r , a 
b a n d w id th  assig n m en t as low as 400 k H z  m ay be su ffic ien t fo r a s ta tio n a ry  sa tellite . T h is va lue  d o es n o t inc lu d e  
th e  D o p p le r  effect due  to  the sa te llite  sh ift in  re la tio n  to  the E a rth  d u rin g  the  tran s fe r  ph ase . H ow ever, 400 kH z 
a p p e a rs  to  be m arg in a l w hen co n s id e rin g  to n e  ra n g in g  a n d  in d iv id u a l g u a rd  b a n d s  betw een  T T C  c h an n e ls . O ne 
a p p ro a c h  to co n se rv in g  sp ec tru m  a n d  p ro v id in g  flex ib ility  is to  assign  3 x  400 kH z, o r  1200 kH z, to  in d iv id u a l 
a te llite  b ro a d c a s tin g  system s. E ach  system  can  in te rn a lly  c o o rd in a te  th e ir ra n g in g  o p e ra tio n s  w ith  u p  to  th ree  

sa te llite s  w ith in  th is c o m p o s ite  1200 k H z  b a n d . G u a rd  b a n d s  b e tw een  th e  co m p o site  b a n d s  a re  req u ired  to 
d iffe re n tia te  betw een  sa te llite  system s. F igu re  1 show s a n  ex am p le  o f  th is a p p ro a c h .

-0.3MHz 1.2 MHz 0.3 MHz

•Adjacent channel guard band

S2

At i t  t i t  t i t
I I '440kHz 440kHz |

guard band Adjacent channel

S’1

it*
■ 1 1

620kHz

FIGURE 1 - Signal spacing in space operation channels
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T h e  n u m b er o f  T T C  ch an n e ls  th a t can  be acc o m m o d a te d  in the g u a rd  b a n d s  (25 M H z fo r R egions 1 a n d  3 
a n d  24 M H z fo r R egion  2) does n o t a p p e a r  to be a p ro b lem  in term s o f  av a ilab le  b a n d w id th  excep t fo r a few 
cases. T he  issue is ra tn e r how  m uch  se p a ra tio n  in freq u en cy  is req u ired  be tw een  the c losest T T C  a n d  te lev is ion  
b ro a d c a s tin g  ch an n e ls , an d  how  a su ffic ien t d e co u p lin g  o f  b ro ad cas tin g  an d  T T C  sig n a ls  can  be ach ieved .

2.3 Operational requirements [C C IR , 1982-86a] •

D istin c tly  d iffe ren t T T C  re q u irem en ts  are  n eeded  d u rin g  the lau n ch , tra n s fe r  o rb it a n d  g eo s ta tio n a ry  o rb it 
phases o f  a sa tellite . T he la tte r  ph ase  inc lu d es n o m in a l o p e ra tio n s  a sso c ia ted  w ith a s tab ilized  sp acec ra ft, a n d  
n o n -n o m in a l o p e ra tio n s  usu a lly  a sso c ia ted  w ith  loss o f  a ttitu d e  con tro l.

D u rin g  n o m in a l sp a c ec ra ft o p e ra tio n s  all o f  the  T T C  fu n ctions n eed  to  be p ro v id ed  a n d  so m e care  will be 
n eeded  to en su re  p ro p e r  signal q u a litie s , the  la tte r  b e ing  p a rticu la rly  re le v an t fo r  sp a c ec ra ft a n te n n a  track in g . 
D u rin g  sa te llite  lau n ch  a n d  tra n s fe r  o rb it a n d  d u rin g  n o n -n o m in a l b e h a v io u r  o f  the  sp a c ec ra f t in g e o sta tio n a ry  
o rb it, red u ced  re q u irem en ts  m ay  suffice. In  p a r ticu la r , sp acec ra ft a n te n n a  trac k in g  is n o t req u ired . T h e  m ajo r 
physical d iffe ren ce  be tw een  these tw o m o d es o f  o p e ra tio n  will be in the g a in  o f  the  sp a c ec ra ft a n te n n as . In  the 
la tte r case  o m n id ire c tio n a l a n te n n a s  will h ave  to  be em ployed  a n d  these , th e re fo re , p ro d u c e  the lim itin g  
re q u ire m e n ts  fo r the  e .i.r.p . levels o f  a gen era l T T C  system . Pow er c o u ld  be red u ced  w h en  u sin g  th e  p rim a ry  
service  (b ro ad c a stin g ) tran sm iss io n  a n te n n as .

T he stra tegy fo r T T C  freq u en cy  ass ig n m en ts  d iscussed  in § 4 sh o u ld  a llow , in p rin c ip le , th e  use o f  12 a n d  
17-18 G H z  freq uencies fo r T T C  d u rin g  an y  p h ase  o f  the  sa te llite  life. H ow ever, c e rta in  lim ita tio n s  in e.i.r.p . levelr 
will h ave  to  be respec ted  in o rd e r  to  av o id  an  excessive in te rference  e n v iro n m e n t w ith  th e  BSS o r o th e r services. 
T hese p o in ts  are  d iscussed  in § 3 a n d  4. C o o rd in a tio n  be tw een  affected  a d m in is tra tio n s , h o w ev er, m ay resolve 
p ro b lem s o f  a tem p o ra ry  n a tu re  on  a case-by-case  basis.

F ro m  the freq u en cy  m a n a g em e n t v iew p o in t th e  exclusive  a p p lic a tio n  o f  12 an d  17-18 G H z  freq u en c ies  is 
b e lieved  to  be benefic ia l in  the long  te rm  a n d  sh o u ld  ac tu a lly  form  the b ase lin e  fo r any  a ss ig n m en t stra tegy . O th e r 
c o n s tra in ts , in p a r ticu la r , th e  av a ilab ility  o f  T T C  e a r th -s ta tio n  ne tw orks, m ay  d e m a n d  the  use o f  low er freq u en c ies 
d u rin g  th e  tra n s fe r  p h ase  a n d  d u rin g  n o n -n o m in a l in -o rb it b eh av io u r o f  the  sp acec raft.

T h e  p o la riza tio n  o f  the  12-18 G H z  T T C  signals shou ld  be  th e  sam e as fo r  th e  p r im a ry  serv ice  
(b ro ad c a s tin g )  signals. T h is en ab les  th e  use o f  th e  sam e sp acec ra ft a n te n n as  d u rin g  the n o m in a l sp acec ra ft c o n tro l 
pe rio d s . O p p o s ite  c irc u la r  p o la r iz a tio n  b e tw een  E arth -to -sp ace  and  sp a c e - to -E a rth  links is p re fe rab le  from  the  
feed er-lin k  o p e ra tio n  v iew p o in t [F ro m m  a n d  M cE w an , 1981].

U sin g  the sam e a n te n n a s  fo r  b ro a d c a s tin g  a n d  T T C  fu n c tio n s a lso  im p lies th e  need  fo r su ffic ien t 
freq u en cy  se p a ra tio n  b e tw een  the  T T C  a n d  c losest b ro a d ca s tin g  signal o n  the sam e sa te llite . P re ferab ly , th is 
se p a ra tio n  sh o u ld  a m o u n t to  a p p ro x im a te ly  100 M H z o r m o re  to ease f ilte rin g  re q u irem en ts  b u t low er se p a ra tio n s  
o f  the o rd e r  o f  on ly  30 to  40 M H z m ay  be accep tab le .

T h e  lin k s a re  to  be  p ro v id ed  fo r  each  sp a c ec ra ft sep ara te ly , d u r in g  sp a c ec ra ft lau n c h  a n d  tra n s fe r  o rb it, 
w ith tw o o r  m ore  e a r th  s ta tio n s  a ro u n d  th e  E arth  a n d  su b sequen tly  w ith  o n e  p r in c ip a l e a r th  s ta tio n  d u rin g  
n o m in a l a n d  n o n -n o m in a l g e o s ta tio n a ry -o rb it  o p e ra tio n s . P ro p e r m arg ins w ill have to  be in c lu d e d  fo r a tm o sp h eric  
effects. S p a re  sa te llites w ill be  m a n d a to ry  fo r m ost o p e ra tio n a l sa te llite  b ro a d c a s tin g  system s a n d  in d iv id u a l 
T T C  a ss ig n m en ts  will be  necessary  fo r  each  sp acec ra ft. R ep len ish m en t s tu d ies  suggest th a t u p  to  th ree  sp a c ec ra ft 
in o rb it m ay  be req u ired  fo r any  n a tio n a l sa te llite  b ro a d ca s tin g  system . T h is  m ean s th a t u p  to  48 T T C  c h an n e ls  
w o u ld  h av e  to be a ssig n ed  in th e  ev en t a ll av a ilab le  b ro a d ca s tin g  c h an n e ls  a re  u sed  a t o n e  sa te llite  lo ca tio n . 
H ow ever, the  typ ica l re q u ire m e n t is ex p ec ted  to  be less th an  48 TTC  ch an n e ls .

2.4 TTC earth stations

T h e  lo ca tio n  o f  th e  p r in c ip a l T T C  e a rth  s ta tio n s  sh o u ld  be p o ssib le  a n y w h ere  w ith in  th e  n a tio n a l te rr ito ry  
o f  the  c o u n try  to be served  o r even  o u tsid e . A lo ca tio n  n ea r the beam  cen tre  is p re fe ra b le  from  the  sp a c ec ra ft 
a n te n n a  trac k in g  v iew p o in t. It w o u ld  be d e s irab le  m o reo v e r to use e a r th -s ta tio n  a n te n n a s  h a v in g  d iam e te rs  w hich  
a llow  re-use  o f  T TC  freq u en c ies  fo r  sa te llites  w hich  are  a t d iffe ren t n o m in a l o rb ita l p o sitio n s .

2.5 Implications o f  the Region 2 B SS  Plan [C C IR , 1982-86b]

R e p o rt 952 desc rib es th e  feasib ility  o f  co -lo ca tin g  b ro ad cas tin g  sa te llites  by sligh tly  se p a ra tin g  sa te llites 
w hich  h av e  a d ja ce n t c ro ss-p o la riz ed  b ro a d c a s tin g  ch an n e ls . T he suggested  n o m in a l se p a ra tio n  o f  0.4° p ro v id es  an  
a d d itio n a l 10 dB  o f  iso la tio n  as c o m p a re d  to  a  co -lo ca ted  satellite  fo r a  5 m e a r th -s ta tio n  a n te n n a  b ased  on  
s id e -lo b e  c h a rac te ris tic s  re co m m e n d e d  by the C C IR  fo r th is ap p lica tio n . T h is level o f  iso la tio n  is a p p lic ab le  to 
T T C  s ta tio n s  as well a n d  can  p ro v id e  a n o th e r  e lem en t fo r reducing  th e  in te rfe re n c e  e n v iro n m e n t be tw een  T T C  
a n d  b ro a d c a s tin g  a n d  feed er-lin k  signals.
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Presen tly , m ost T T C  services use tra d itio n a l su b -c a rrie r  m o d u la tio n  techn iques. H ow ever, co n sid e rin g  the 
b a n d w id th  lim ita tio n s if m any  T T C  c h an n e ls  are  req u ired , o th e r m o d u la tio n  techn iques m ay o ffe r  a so lu tio n  to 
the p o ten tia l in te rferen ce  p ro b lem , in p a r tic u la r  w hen c o n sid e rin g  T T C  o p e ra tio n s  d u rin g  lau n ch , tran sfer, and  
n o n -n o m in a l sp acec ra ft b eh av io u r. A p ro m is in g  c a n d id a te  is the  use o f  sp read -sp ec tru m  tech n iq u es in w hich  all 
sa te llites  a t one lo ca tio n  w ould  use th e  sam e TTC  R F  signal freq u en c ie s, b u t w ou ld  d iffe re n tia te  from  each o th er 
by em p lo y in g  specia l codes.

3. Frequency sharing and service compatibility considerations

3.1 Introduction

U se o f  g u a rd  b a n d s  to tra n sm it T T C  signa ls ra ises q u estio n s  a b o u t the m u tu a l co m p a tib ility  o f  the  space
o p e ra tio n  service w ith any  o th e r serv ices in the sam e o r  n ea rb y  freq u en cy  ban d s. T w o types o f  c o m p a tib ility
sh o u ld  be  co n sid ered :

— co m p a tib ility  w ith the  serv ices usin g  the b a n d s  a d ja ce n t to  th o se  a llo c a ted  to  the b ro a d c a s tin g  sa te llite  an d
fe ed e r-lin k  serv ices: in the  ab sen ce  o f  in fo rm a tio n , th is p o in t is n o t d e a lt w ith  in th is section . F u rth e r stud ies 
a re  req u ired :

— co m p a tib ility  w ith the sa te llite -b ro a d c as tin g  a n d  feed er-lin k  serv ices: T TC  signals can  in te rfe re  w ith 
b ro a d ca s tin g  serv ices in im m ed ia te ly  a d ja ce n t ch an n e ls  a n d  can  receive in te rfe ren ce  from  o u t-o f-b an d
em iss io n s from  the  p rim ary  serv ice  (b ro ad castin g ). T hese  m u tu a l in te rfe ren ces suggest th a t p ro tec tio n  ra tio s  
sh o u ld  be d e fin ed  in o rd e r to  en su re  co m p a tib ility  a m o n g  services. Such  co m p a tib ility  will be su b jec t to  
system  ch arac te ris tics  an d , in  p a r tic u la r ,  o f  th e  m o d u la tio n  c h a ra c te ris tic s  o f  the  T T C  signa ls , e specia lly  as the 
c lass ical T T C  su b -ca rrie r  c o n cep ts  a re  expected  to  be m o re  sen sitiv e  to  u n w a n ted  em iss io n s th an  sp read - 
sp e c tru m  m o d u la tio n  tech n iques.

3.2 Protection o f  adjacent broadcasting channels against TTC signals

T T C  signa ls sh o u ld  in no  case  im p a ir  b ro a d c a s tin g  tran sm iss io n s . R eg ard in g  the  feed er lin k s , tests c a rried
o u t in  F ran ce  [C C IR , 1982-86c] sh o w ed  th a t th e  p ro tec tio n  ra tio  o f  th e  a d ja c e n t ch an n e ls  a g a in s t the sum  o f
in te rfe r in g  TTC  ca rrie rs  sh o u ld  eq u al 20 dB :

Prv/iP rrcU ai > 20 dB  (1)

w here:

Pt v - c a rr ie r  p o w er o f  the  ad ja ce n t ch an n e l s ignal a t the  p a y lo a d  rece iver in p u t:

( P t t c ) toiat • c a rrie r  p o w er o f  th e  in te rfe rin g  T T C  ca rrie rs  a t th e  p a y lo a d  rece iver in p u t.

H ow ever, d ue  to  the  a b ru p t  d ecrease  in th e  effect o f  in te rfe re n c e  w ith  in creas in g  freq u en cy  se p a ra tio n  
b e tw een  b ro a d ca s tin g  a n d  T T C  s ig n a ls , it has been d e m o n s tra te d  th a t th e  fo llo w in g  ra tio  is su ffic ien t:

Ptv/ Pttc ^  26 dB  (2)

w h ere  Prrc is the  p o w er o f  a s ing le  T T C  in te rfe re r  c a rr ie r  a t the  p a y lo a d  receiver in p u t. F u rth e r  stu d ies a re  
re q u ire d  to  co n firm  th is  value.

3.3 Protection o f  TTC signals against broadcasting signals

T ak in g  in to  acc o u n t the  im p o rta n c e  o f  T T C  sig n a ls  fo r p ro p e r  fu n c tio n in g  o f  the  sa te llite , tran sm iss io n  o f  
th ese  s ig n a ls  sh o u ld  n o t be a ffec ted  by  o u t-o f-b an d  em iss io n s o f  te lev is io n  signals . F o r th e  feed er lin k , th e  m ain  
so u rce  o f  in te rferen ce  is th e  s igna l o n  th e  ad ja ce n t ch an n e l (c h an n e ls  1 o r  40 in R eg ions 1 a n d  3). T ests on  these  
risks o f  in te rferen ce  h av e  been  c o n d u c te d  in  F ran ce  [C C IR , 1982-86d]. W ith  th e  te lev is io n  s ig n a ls  a v a ilab le  in  the 
la b o ra to ry , tests have  sh o w n  th a t the  fo llo w in g  p ro tec tio n  ra tio  is necessa ry  fo r  a  T T C  sig n a l a t th e  edge o f  the  
fe ed e r-lin k  ch an n e l (n o m in a l freq u en cy  se p a ra tio n  b e tw een  T T C  a n d  fe ed e r lin k  signal eq u a ls  13.5 M H z):

P n c / Ptv >  —27 dB  (3)

w h ere :

Pttc '■ c a rr ie r  p o w e r o f  th e  T T C  sig n a l a t th e  in p u t o f  the  T T C  sa te llite  rece iver in p u t;

PTV: c a rrie r  p o w e r o f  the  feed e r-lin k  signal a t th e  T T C  sa te llite  rece iv e r in p u t.

T h e  test c o n d itio n s  a n d  d e ta ile d  resu lts  a re  p ro v id ed  in  A n n ex  I.
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2.6 A lte rn a tiv e  m o d u la tio n  tech n iq u es  [C C IR , 1982-86a]
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F or the d ow n  link , the p ro b lem  o f  in te rfe ren ce  is m o re  co m plex  b ecau se  o f  in te rm o d u la tio n  p ro d u c ts  in 
the satellite  re p ea te r  an d  o th e r in te rfe ren ce  sources. F u rth e r studies a re  req u ired . P ro v is io n a lly , th e  p ro tec tio n  
req u irem en ts  de riv ed  fo r feed er-lin k  in te rfe ren ce  m ay also be ap p lie d  to the  d o w n  link.

4. C onsiderations concerning T T C -frequency  assignm ents

T he ob jec tive  fo r any  T T C -freq u en cy  a ss ig n m en t m ust be to  p ro v id e  m ax im u m -flex ib ility  fo r the  desig n  o f  
T TC  links w hile resp ec tin g  all p ro tec tio n  req u irem en ts . M ax im u m  flex ib ility  in the  g iven  e n v iro n m e n t is o b ta in e d  
w hen a llo w in g  T TC  links to be o p e ra te d  in a g iven freq u en cy  slot w ith  the  largest p o ss ib le  ran g e  o f  signal 
v a ria tio n s . T he u p p e r  lim it in T T C  signal level is c o n s tra in e d  by the p e rm iss ib le  in te rfe re n c e  in to  the  a d ja c e n t 
b ro a d c a s tin g  ch an n e l. T he low er lim it is set by the p ro tec tio n  req u irem en t o f  th e  T T C  lin k  itself. T h is level is 
c ritica lly  d e p e n d e n t u p o n  the T T C  m o d u la tio n  p a ram ete rs . T y p ica l d a ta  v a lid  fo r th e  R eg ions 1 a n d  3 in te rfe ren ce  
e n v iro n m e n t is d iscu ssed  in § 3 w ith  co m p le m e n ta ry  in fo rm a tio n  in A nnex  I.

4.1 Atmospheric attenuation and depolarization

A tm o sp h e ric  a tte n u a tio n  a n d  d e p o la r iz a tio n  w ill a ffec t sa te llite  b ro a d c a s tin g  lin k s , feed er lin k s a n d  
T T C  links. P ro p e r lin k  m arg in s will have to be in c o rp o ra te d  in to  an y  p a r tic u la r  design . R e le v an t d a ta  can  be 
fo u n d  in R e p o rt 564. T h e  a p p lic ab le  serv ice a v a ilab ility  re q u ire m e n t fo r T T C  lin k s m ay  be  in flu e n ce d  by spec ific  
re q u ire m e n ts  b u t fo r  the sak e  o f  th is stu d y  5 dB  a n d  10 dB ra in  m arg in s  a re  a ssu m e d  fo r the  12
a n d  18 G H z  b a n d s , respec tive ly . F o r T T C  system s, it is d e s irab le  to  p ro v id e  an  a v a ilab ility  ex ceed ed  fo r 99.9%  o f
th e  w o rs t m o n th . W here  the ra in fa ll  ra te  a n d  e lev a tio n  an g le  are  such  th a t  th e  a tte n u a tio n  exceeds the va lues 
assu m ed , th en  spec ia l m ean s such  as site d iversity  m ay  need  to  be  used.

A tm o sp h e ric  d e p o la r iz a tio n  is o f  m a jo r in flu en ce  in  d e te rm in in g  th e  m ax im u m  p e rm iss ib le  e .i.r.p . fo r
T T C  sig n a ls  (su b -c a rrie r  tech n iq u es). R a in -in d u c ed  d e p o la r iz a tio n , in th e  ab sen ce  o f  p o w e r c o n tro l,  is n o rm a lly  o f  
little  p ra c tic a l c o n ce rn  b ecause  o f  the  s im u lta n eo u s  a tte n u a tio n  o f  th e  d e p o la r iz e d  c o m p o n e n t. In  c o n tra s t , 
ic e -d ep o la riz a tio n  m ay  d e te rm in e  th e  c ritica l in te rfe ren ce  s itu a tio n . In  th e  ab sen ce  o f  d e ta ile d  in fo rm a tio n , it is 
suggested  th a t d e p o la r iz a tio n  fa c to rs  o f  —20 dB  a n d  — 15 dB  fo r 12 G H z  a n d  18 G H z  lin k s , re sp ec tiv e ly , sh o u ld  
be  a ssu m ed . •

4.2 Sub-carrier modulation

W hen  a p p ly in g  the  p ro te c tio n  req u irem en ts  d e riv e d  in  § 3 fo r  m u tu a l in te rfe re n c e  b e tw een  T T C , 
b ro a d c a s tin g  a n d  feed er links, it b ecom es o b v io u s  th a t  in te rfe rin g  lin k s n eed  to  be iso la te d  by  m ean s o f  
o r th o g o n a l p o la riza tio n s . T h is , to g e th e r w ith  the  system  re q u irem en ts  d iscu ssed  in § 2.1 a n d  2.2 suggest th e  
g en era liz ed  freq u en cy  a n d  p o la r iz a tio n  a ss ig n m en t c o n c e p t as illu s tra te d  in  Fig. 2a. T h e  c o n c e p t has been  
d e v e lo p ed  a ro u n d  th e  R eg ions 1 a n d  3 d o w n -lin k  P lan  a n d  assum es tac itly  th a t  th e  feed e r-lin k  P lan  w ill be  a  
tra n sp o s itio n  o f  the  d o w n -lin k  P lan . It m akes use  o f  th e  reg u la rity  o f  th e  b ro a d c a s t  a ss ig n m en ts . F eed er a n d  
b ro a d c a s tin g  links a n d  sp a c ec ra ft service  lin k s to  a n d  from  a d jo in in g  serv ice  a rea s  h ave  b een  a ssig n ed  freq u en c ies 
o n  o r th o g o n a l p o la riza tio n s .

C e rta in  o rb ita l p o s itio n s  en jo y , fo r th e ir  first a n d  last c h an n e ls , f req u en cy  a ss ig n m en ts  in  o n ly  o n e  
p o la r iz a tio n . In  such  cases an  a lte rn a tiv e  freq u en cy  a r ra n g e m e n t fo r T T C  c h a n n e ls  c an  be  c o n s id e re d  as illu s tra te d  
in  Fig. 2b. T h is  co n ce p t is fu lly  c o m p a tib le  w ith  th a t o f  Fig. 2a w ith  n o  e x tra  b a n d w id th  re q u ire m e n t. T he  
d iffe re n ce  is th a t all T T C  links a re  on  o p p o site  p o la r iz a tio n  w ith  re g ard  to  th e  in te rfe rin g  a n d  in te rfe red -w ith  
b ro a d c a s tin g  feed e r-lin k  c h an n e l.

A s d iscu ssed  in § 2, an y  in d iv id u a l sa te llite  system  sh a ll be a ssig n ed  1200 k H z  b a n d w id th . T o  a llo w  fo r 
d e co u p lin g  b e tw een  sa te llite  system s, a  g u a rd  b a n d  o f  so m e  100 to  300 k H z  sh o u ld  be in se rted . T h is  m ay  lead  in 
c e r ta in  cases to  c o n flic tin g  re q u ire m e n ts  w ith  th e  av a ilab le  b a n d w id th  in  the  g u a rd  b a n d , b u t in  m o st p ra c tic a l 
cases a ll T T C  sig n a ls  can  be a c c o m m o d a te d . Spec ific  c o n ce p ts  fo r d e ta iled  freq u e n c y  a ss ig n m en ts  re q u ire  fu r th e r  
study .
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Space-to-Earth 
11.7 GHz

Polarization 1

Broadcasting
assignments

18.1GHz
Polarization 2

FIGURE 2a - Proposal fo r TTC assignments for broadcasting satellites assuming sub-carrier modulation techniques for TTC signals:
generalized concept fo r Region I assignments

N ote 1. — A to R denote service areas or countries.
N ote 2. -  The Region 3 concept can be derived by introducing applicable frequencies and number of channels.

Space-to-Earth: 
11.7 GHz

Polarization 1 
12.5GHz

Polarization 2

FIGURE 2b - Proposal fo r TTC assignments fo r broadcasting satellites assuming sub-carrier modulation techniques
for TTC signals: alternative concept (see text)

N ote 1. -  A to R denote service areas or countries.
N o te 2 . - The Region 3 concept can be derived by introducing applicable frequencies and number of channels.

T he p ro tec tio n  o f  the  First a n d  last b ro a d c a s tin g  o r  fe ed e r-lin k  ch an n e l req u ires  th e  sp ec ifica tio n  o f  a 
m ax im u m  perm iss ib le  e .i.r.p . fo r  su b -c a rrie r  T T C  signa ls . F ro m  th e  in te rfe ren ce  v iew p o in t th is will o n ly  be 
n ecessa ry  fo r the  T T C  c h an n e ls  c lo ses t to  the  b ro a d c a s tin g  o r  feed e r-lin k  c h an n e l b u t overa ll system  h o m o g en e ity  
c o n s id e ra tio n s  suggest ap p ly in g  a  m ax im u m  level g en era lly . M arg in s  fo r a tm o sp h e ric  a tte n u a tio n  a n d  d e p o la r iz a ­
tio n  w ill a lso  have  to  be  tak en  in to  acco u n t. H ow ev er, th ere  a p p e a rs  to  be  no need  to  assu m e  s im u lta n eo u s  
a tte n u a tio n  on  the  feed er o r  b ro a d c a s tin g  link  a n d  ice d e p o la r iz a tio n  o n  th e  T T C  link. F o r fu r th e r  d e ta ile d  
in fo rm a tio n , re fe ren ce  is m ad e  to  a  s im ila r  c o n s id e ra tio n  re lev an t fo r  feed er links [F ro m m  a n d  M cE w an , 1981]. 
W ith  th is  a ssu m p tio n  the  m ax im u m  perm iss ib le  e .i.r.p . fo r  T T C  lin k s  is c a lcu la te d  as fo llow s (all va lues a re  in 
dB ):
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e.i.r.p.ttc <  e.i.r.p.tv — PR + 15 dB

S p ace-to -E a rth  d irec tio n :

e.i.r.p.ttc <  e.i.r.p.TV — PR -f 20 dB

w here:

e.i.r.p.rrc'■ m ax im u m  p erm iss ib le  e .i.r.p . o f  TTC  signa ls;

e.i.r.p.Ty \ n o m in a l e .i.r.p . o f  the in te rfered -w ith  b ro a d ca s tin g  o r feed e r-lin k  c h an n e l;

PR : p ro tec tio n  ra tio  fo r T T C  in te rferin g  in to  b ro a d ca stin g  fe ed e r-lin k  c h an n e ls  (see § 3).

T he values ’‘15 d B '? a n d  "20 d B ” are  tak en  from  § 4.1 an d  re p re se n t th e  w o rs t-case  a tm o sp h e ric  
d e p o la riz a tio n s . T y p ical link  b u d g e ts  sa tis fy in g  these req u irem en ts  are g iven  in A n n ex  II.

T h e  c lear-sky  overall c ro ss -p o la riz a tio n  iso la tio n  is a b o u t 25 dB  b ecau se  o f  im p erfec t a n te n n a  p e rfo r­
m ance. T h is suggests th a t a tte n u a tio n  m arg in s fo r b ro a d ca s tin g  o r feed er lin k s in excess o f  5 dB  a n d  10 dB , 
respec tive ly , w o u ld  lead  to a d iffe re n t sp ec ifica tio n  fo r the m ax im um  p erm iss ib le  e.i.r.p . o f  T T C  links in  b o th  
d irec tio n s:

e.i.r.p. ttc <  e.i.r.p. Tv — PR — A TT  +  25 dB  (4)

w here:

ATT :  p e rm iss ib le  (p lan n e d )  a tte n u a tio n  on  E arth -to -sp ace  feed er lin k  ( >  10 dB ) o r  sp a c e -to -E a rth  
b ro a d c a s tin g  link  ( >  5 dB).

T h e  p ro p o se d  co n cep ts  fo r T T C  freq u en cy  a ssig n m en t av o id  freq u en cy  re-use  a n d  are  th u s  in p rin c ip le  
c o m p a tib le  w ith  o m n id ire c tio n a l o r  s im ila r sp acec ra ft T T C  a n te n n a s  w ith  p o o r  c ro ss -p o la r iz a tio n  p e rfo rm a n ce . 
Such  a n te n n a s  w o u ld  be req u ired  if  T T C  links in the 12 a n d  18 G H z  b a n d s  sh o u ld  a lso  be o p e ra te d  d u rin g  
sa te llite  lau n ch , tran s fe r  o r  d u rin g  n o n -n o m in a l b e h av io u r o f  the  sp acec ra ft in  o rb it. O b v io u sly , such  o p e ra tio n s  
have  to be  c a rried  o u t in co m p lian ce  w ith  the  p ro tec tio n  req u irem en ts. O th erw ise , te m p o ra ry  d e v ia tio n s  from  these  
re q u irem en ts  will h ave  to  be c o o rd in a te d  a m o n g  the  a d m in is tra tio n s  co n ce rn ed . In  p a r tic u la r ,  e.i.r.p . levels 
req u ired  fo r feed er-lin k  T T C  signals in to  o m n id ire c tio n a l sp acec raft a n te n n a s  c an  exceed th e  m ax im u m  v a lu e  
p e rm itted . T h is co u ld  lead  to  c ritica l in te rfe ren ce  s itu a tio n s  an d  spec ia l c o o rd in a tio n  w ill be  re q u ire d  fo r such  
cases. A p p ly in g  th e  frequency  co n ce p t w ith  o r th o g o n a l p o la riza tio n  d e co u p lin g  as in tro d u c ed  w ith  Fig. 2b, is 
e x p ec ted  to  fac ilita te  such freq u en cy  c o o rd in a tio n .

E x am p le  link  bu d g e ts  to g e th e r w ith  o th e r  o b se rv a tio n s  a re  d iscussed  in  A n n e x  II.

4.3 Alternative TTC modulation techniques

T h e  freq u en cy  a ss ig n m en t co n ce p t suggested  in § 4.2 im plies th a t  an y  a lte rn a tiv e  T T C  m o d u la tio n  
tech n iq u e  m ust be  co m p a tib le  w ith  the  b a n d w id th  a n d  e.i.r.p . a ssig n m en ts  d iscu ssed  in  § 4.2. If  it is a te c h n iq u e  
such  as sp re ad -sp ec tru m  m o d u la tio n , it is n o t likely to  cause  an y  s ig n ifican t a d d itio n a l in te rfe ren ce  as c o m p a red  
to  the su b -c a rr ie r  signals. A d d itio n a lly , a lte rn a tiv e  T T C  m o d u la tio n  tec h n iq u es  m u st be  ab le  to  coex ist w ith  
su b -c a rrie r  signals. T his a p p e a rs  to  be  p o ssib le  w ith  sp read -sp ec tru m  tech n iq u es  a lth o u g h  fu rth e r d e ta ile d  stu d ies  
a re  req u ired . A  p re lim in a ry  co n ce p t, w hich  m ay  m ake  easie r the  s im u lta n eo u s  o p e ra tio n  o f  n o m in a l T T C  lin k s 
a n d  th o se  req u ired  fo r sa te llite  lau n ch , tra n s fe r  a n d  n o n -n o m in a l in -o rb it b e h a v io u r , is rev iew ed  in A n n ex  III.

Earth-to-space direction:
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A N N E X  [

TTC SIGNAL PROTECTION F R O M  THE A D J A C E N T  TELEVISION. 
C H A N N E L  IN T H E  FEEDER LINK

T ests carried  ou t in F ran ce  have s tud ied  the p ro b lem s o f  feeder-link  in te rferen ce  from  the a d jacen t 
te lev is ion  channel to T TC  signals (co m m an d  a n d  rang ing). T ests w ere m ade  using the eq u ip m e n t o f  a space 
o p e ra tio n  service earth  s ta tio n  a n d  a m odel o f  the sa tellite  c o m m an d  receiver. C o n v e n tio n a l su b -carrie r 
m o d u la tio n  tech n iq u es w ere used  for the T TC  signals. T he telev ision  in te rfere rs were co m p a tib le  w ith the technica l 
ch a rac te ris tic s  o f  the R F  ch an n e ls  spec ified  in the F ina l Acts o f  the W A R C -B S-77. E nergy d isp e rsa l (600 kH z) w as 
used. T he  TV ca rrie r  was m o d u la ted  by the fo llow ing  v ideo  an d  so u n d  signals:

— C C IR  test lines (17, 18, 330, 331), w hite, grey a n d  b lack  lines o r S E C A M  test card ;

— tw o an a lo g u e  so u n d  su b -carrie rs.

M easu rem en ts  w ere m ade  on  the ca rrie r  lock, the  co m m an d  b it e rro r ra tio  an d  the ran g in g  e rro r. W ith the 
v ideo  a n d  so u n d  signals av a ilab le  in the la b o ra to ry , the  w orst case o f  in te rferen ce  was due  to  d isc re te  lines from  
o u t-o f-b a n d  TV sp ec tru m  em issions w hich  w ere in  th e  T T C  b an d . T h e  p o w er o f  these d iscrete  lines w as eq ual to
— 30 dB  (reference  0 dB being the  to ta l p o w er o f  the a d ja ce n t TV ch an n e l). T h is - 3 0  dB  va lue  co rre sp o n d s  to a
— 50 d B (W /H z )  p o w er d ensity  in a 4 kH z b a n d  if  energy  d isp e rsa l is co n sid ered . T his va lue  is co m p a tib le  w ith 
in fo rm a tio n  given in R ep o rt 807 ab o u t the typ ica l o u t-o f-b an d  en v elo p e  o f  the TV sp ec tru m . In th is case, tests 
have  in d ic a te d  a re q u irem en t fo r a - 2 7  dB p ro tec tio n  ra tio  fo r the T T C  signal w hen the la tte r  is a t the  edge o f  
the  a d ja c e n t te lev is ion  ch an n e l.

B ecause o f  the lim ited  n u m b er o f  v ideo  s ig n a ls  u sed  in  the  tests, o th e r co n sid e ra tio n s  on  th e  m ax im u m  
v a iu e  o f  the  d iscre te  lines in the  T T C  b a n d  have b een  used  to o b ta in  the  w orst case o f  in te rferen ce . In  th is case, 
m easu rem en ts  have given a - 1 7  dB  p ro tec tio n  ra tio  c o rre sp o n d in g  to  in s tan ta n eo u s  d iscre te  lines w hich  co u ld  
reach  a  — 20 dB  level (re la tive  to  the  to ta l p o w er o f  th e  a d ja ce n t telev is ion  ch an n e l). F u rth e r s tu d ies a re  req u ired  
to  co n firm  th is p ro b a b ly  pessim istic  value  o f  - 2 0  dB.

A N N E X  II 

SUB-CARRIER TTC LINKS

1. E xam ple  link budgets fo r  su b -carrie r T T C  links [C C IR , 1982-86a]

T h ese  link  bu d g e ts are  p ro v id ed  fo r i llu s tra tio n  only . A ssu m p tio n s  a re  ex p la in ed  w here  e ssen tia l. B udgets 
fo r  sp ec ific  sa te llite  designs m ay  d iffer.

1.1 Earth-to-space links

1.1.1 Nominal operations

T ab le  I p resen ts  a  lin k  b u d g e t th a t is va lid  fo r the  n o m in a l o p e ra tio n  o f  th e  sp a c ec ra ft in 
g e o s ta tio n a ry  o rb it. D istin c tio n  is m ad e  b e tw een  th e  c lassical te leco m m an d  an d  ra n g in g  fu n c tio n  a n d  the  
spec ific  req u irem en ts  d u e  to  R F  sensing  w hich  a c tu a lly  d e te rm in e  the lin k  design .

1.1.2 Non-nominal operation

T ab le  II p resen ts  a  link  b u d g e t th a t  re fe rs to  o p e ra tio n s  d u rin g  sa te llite  tra n s fe r  a n d  d u rin g  
n o n -n o m in a l b e h av io u r o f  the  sp acec ra ft in g e o s ta tio n a ry  o rb it.
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T A B L E  I — E xam ple  link bu dget fo r  n om in al operation, sub-carrier TT C  links

! ! 1 !! , . , Telecommand i RF sensing |Link parameter ! . .. . 1 ~ ' Notes . 
i  > ranging (unction : (unction . .

; ! " ' ! 1 ■
! | I |

1 ; C/’.V, (dBHz) j  60 | 60 i  Required Cor RF sensing

2 Spacecraft receive antenna gain (dBi) r i O Lower RF sensing gain due to 
coupling loss

i3 ■ Receive thermal noise temperature 
| (dBK)

33 43 {1) Higher RF sensing noise temperature 
due to switching/redundancy

4 Receive noise power density 
(dB(W/4 kHz))

- 160 -150 At receive input

5 Receive interference power 
flux-density (dB(W/(m: • 4 kHz)))

-148 Assumes:
e.i.r.p .TV = 85 dBW,
20 dB cross polarization gain and
spectrum at ± 15 M H z
off centre ( — 50 dB(W/4 kHz))

6 Receive interference power density 
(dB( W/4 kHz))

-154 - 168 (5) + (2) — 46 d B m :

7 Total receive noise power density iV0 
(dB(W/4 kHz)) *

-154 -150 Sum of (4) and (6) ,

8 Required receive level at receiver input 
(dBW)

-130 -126

9 Link margin (dB) 10 Rain attenuation margin (see § 4.1)

10 Required earth-station e.i.r.p. (dBW) 49 67 Higher level may need to be used

11 Maximum permissible e.i.r.p. 
according to § 4 (dBW)

69 e.i.r.p .t v . ,„ in  = 80 d B W  is assumed

(') Data refer to a particular satellite design and are not generally applicable.
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T A B L E  II -  E xam ple link bu d g e t f o r  sa te llite  transfer orbit a n d  non-nom inal
operations, sub-carrier T T C  links

Link parameter

I

Telecommand 
ranging function Notes

1 Required receive C .V, (dBHz) (')

■> Spacecraft receive antenna gain (dBi) -6 Omni-type antenna

3 On-board losses (dB)
. .

Switching, waveguide runs

4 Receive noise power density 
(dB(W-4 kHz)) '

-  160 T = 2000 K

5 Receive interference power 
flux-density (dB(W/(m: ■ 4 kHz)))

— 128 Assumes:
e.i.r.p.Ti = 85 dBW,
No cross-polarization gain, 
spectrum at ± 15 M H z  
off-centre: (-50 dB(W/4 kHz))(:)

6 Receive interference power density 
(dB(W/4 kHz)) ’

-182 At receiver input

7 Total noise power density 
(dB(W/4 kHz)) ’

-160 Surn of (4) and (6) (link is 
noise-dominated)

8 Required minimum receive carrier 
level

-151

9 Implementation margin (dB) 10 Rain attenuation margin (see § 4.1)

10 Maximum spreading loss (dB(m2)) 163

11 Required earth-station transmit 
e.i.r.p. (dBW)

74 Special coordination may be 
required (-)

(') The common requirement for traditional spacecraft service functions operating in the 2 GHz band is 
40 dB net. However, this may not be sufficient for this particular application considering the higher 
transmission frequency. It is for this reason that a higher value has been assumed here. Still, the actual 
requirement may exceed that estimated here and consequently further, studies are needed before a reliable 
link budget can be constructed.

(:) The spacecraft receive antenna will have very limited cross-polar isolation, but this is not expected to 
influence the total noise power density significantly and has therefore been neglected.

(-') If TTC frequency assignments are employed according to Fig. la with the potential risk of insufficient 
decoupling between TTC and adjacent, co-polar feeder links, this decoupling must be achieved by means 
of the feeder link receive antenna on-board the interfered-with satellite. This decoupling is expected to be 
of the order of 20 to 30 dB which will normally be obtained with the co-polar radiation patterns of 
satellite receiving antennas.
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1.2.1 Nominal operation

1.2 Space-to -E arth  links

TABLE III - Example link budget fo r  nominal operation, sub-carrier TTC links

Link parameter Telemetrv ranging 1 .,.. ' ■ “ ; Notes (unction ;
i

1 Required receive C/.Yi (dBHz) 55 Sufficient for good quality ranging 
signal

2 Earth-station receiver antenna gain 
(dBi)

5 m  antenna
.

3 Earth-station receiver noise 
temperature (K)

500 Low noise receiver

4 Receive noise power density 
(dB(W/4 kHz))

-165

5 Receive interference power 
flux-density (dB(W/(m: • 4 kHz)))

-170 PFDrv =  - 100 dB(W/m:),
20 dB cross-polarization advantage, 
spectrum at ± 15 M H z  
off-centre ( — 50 dB(W/4 kHz))

6 Receive interference power density 
(dB(W/4 kHzj) ’

-160 (5) + (2) - 43 dB(m:)

7 Total noise power density 
(dB(W/4 kHz))

-159 (6) + (4) marginally interference 
dominated

8 Spreading loss (dB(m:)) 163 Geostationary orbit

9 Link margin (dB) 5 Rain attenuation margin (see § 4.1)

10 Required minimum satellite e.i.r.p. 
(dBW)

18 Easily realisable with high transmit 
antenna gain

11 Maximum permissible e.i.r.p. (dBW) 37 Limit is set by permissible power 
flux-density limit

PFD: power flux-density.
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1.2.2 S u n - n o m in a l  o p e r a t io n

T A B L h  IV — E xam ple link bu dget fo r  sa te llite  transfer orbit a n d  non-nom inal
operations in-orbit, sub-carrier TT C  links

i i
; i Link parameter
i . ■ i

Telemetry ranging 
function NNotes

i 1 i Required receiver C .'N n (dBHz)

I j

33 Net requirement, no margins 
included (')

j |
! 2 i Earth station receiver antenna gain 
! j (dBi)
1 1 ■■

53 5 m  antenna

1! 3 Earth station receive noise 
temperature (K)

500 Typical performance

4 Receive noise power density 
(dB( W/4 kHz))

-165

j 5 Receive interference power 
flux-density (dB(W/(m; • 4 kHz)))

-170 PFD tv = -100 dB(W/m:).
20 dB cross-polarization advantage, 
spectrum at ± 15 M H z  
off-centre (-50 dB(W/4 kHz))

6 Receive interference power density 
(dB(W/4 kHz))

-160 (5) + (2) - 43 dB(m2)

7 Total noise power density 
(dB(W/4 kHz)) *

-159 (6) + (4). Link is marginally 
interference dominated

8 Spreading loss (dB(m2)) 163 Geostationary orbit

9 Link margin 10 dB Rain attenuation margin (see § 4.1), 
and implementation losses

10 Required minimum satellite e.i.r.p. 
(dBW)

1

11 Satellite transmit antenna gain (dBi) -6 Quasi omni-directional coverage

12 Losses (dB) 2

13 Required transmitter power (dBW) 9 8 W, requires T W T  amplifier

(') This net requirement is common for traditional spacecraft service functions operating in the 2 G H z  band 
but may not be sufficient for this application when considering the significantly higher frequency band 
and Doppler shifts. Further studies are needed before a reliable link budget can be constructed.

R E F E R E N C E S

C C IR  Documents 

[1982-86]: a. 10-1 IS/35 (ESA).
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A N N E X  III

. . SPREAD-SPECTRL'M T T C  LINKS .

1. E xam ple link budgets fo r spread -spec trum  T T C  links [C C IR , 1982-86a]

T hese  link  b u dgets are p ro v id ed  fo r illu s tra tio n  only . In the  ab sen ce  o f  a spec ific  c o n ce p t, c a lcu la tio n s  a re  
based  on  the fo llo w in g  fo rm u la  a n d  p a ram ete rs :

^  ■ c  ■ D _( C / .V ) /F =  ------------------------------------------------ --— — (5)

{/z C ■ N ■ P ■ B + kTB +
4 kH z

w here:

(C/ N)if: c arrie r- to -n o ise  ra tio  in b a n d w id th  B (H z):

D : im p le m e n ta tio n  loss, 5 dB ;

P : 1 /ch ip  ra te , (3.1 x 106) - 1 ;

B : IF  b an d w id th . 250 H z; .

N0 : TV o u t-o f-b a n d  sp ec tra l p o w er d en sity , 60 dB  below  c a rr ie r  in 4 k H z, p ro v es to  be n o n -c ritica l 
fo r link  design  d u e  to  a d d itio n a l c ro ss -p o la r iz a tio n  a d v a n ta g e  (20 dB );

k: B o ltzm an n 's  c o n s ta n t = —228.6 d B (W (K ~ '));
T : receiver no ise  te m p e ra tu re  (X ) ;

N : n u m b e r o f  u sers, 25:
{ C / N o ) , f ca rrie r- to -n o ise  d e n sity  ra tio , ( C / N ) B ( dB H z).

1.1 Earth-to-space link

1.1.1 RF sensing ( in c lu d es te le c o m m a n d /ra n g in g )

A ssu m in g : .

C / N0 = 45 d B H z,

Note. — M uch  h ig h er ra tio s  a re  n o t feasib le , th is  m ay  req u ire  a sp ec ia l R F -sen s in g  d esign . T he in flu en ce  
o f  a tm o sp h e ric  fades re m a in s  to  be  assessed .

T= 20 000 K, R F  sen sin g , 

a n d  using  fo rm u la  (5) y ie ld s: ............

C  =  - 1 3 3  dB W

E m p lo y in g  the  lin k  d a ta  as fo r su b -c a rr ie r  te c h n iq u es , i.e.:

S a te llite  rece iv ing  a n te n n a  ga in  : 26 dB i

S p re a d in g  loss : 163 d B (m : )

F ad e  m arg in  : 10 dB

lead s to  an  e.i.r.p . o f  60 dB W .

1.1.2 Telecommand/ranging function only during non-nominal orbit behaviour and transfer 

A ssu m in g : ‘

C / N 0 = 34 d B H z, 

r =  2000 K, T C  rece iver, 

a n d  u sing  fo rm u la  (5) y ie lds:

C  =  - 1 5 7  d B W

E m p lo y in g  the lin k  d a ta  as fo r su b -c a rr ie r  te c h n iq u es , i.e.:

S a te llite  rece iv ing  a n te n n a  g a in  : —6 dB i

S p re a d in g  loss : 163 d B (m 2)

F ad e  m arg in  : 15 dB

lead s to  an  e .i.r.p . o f  73 dB W .

T his la tte r  e.i.r.p . is h ig h er th an  th a t  n eed ed  fo r n o m in a l o p e ra t io n  a n d  n eed s th e re fo re  to  be  
a p p lie d  th ro u g h o u t all m issio n  phases.
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T he d e te rm in in g  link  is th a t re q u ire d  d u rin g  th e  sa te llite  tran s fe r  a n d  n o n -n o m in a l in -o rb it b e h av io u r: 

A ssum ing:

C/  No = 34 dB H z. su ffic ien t fo r 125 b i t /s .

Receive a n te n n a  =  53 dB i, 5 m e a rth -s ta tio n  a n te n n a ,

e.i.r.p.TV =  63 dB W , reduced  by 20 dB  c ro ss-p o la riz a tio n  ad v an tag e  .

. a tid  u sin g  fo rm u la  (5) y ields:

C  =  -  161 dB W

E m p lo y in g  the  link  d a ta  as fo r su b -ca rrie r  tech n iq u es , i.e.:

S p read in g  loss : 163 d B (m ; )

M arg in  : 10 dB

lead s to  an  e.i.r.p . o f  2 dBW .

T his e .i.r.p ., e m p lo y in g  an  o m n id ire c tio n a l sp a c ec ra ft tra n sm ittin g  a n te n n a  o f  —6 dBi a n d  cab lin g  losses 
o f  2 d B , requ ires a tran sm it p o w er o f  10 dB W  (10 W ). T h is can  be realized  w ith  a T W T  am p lifie r.

1112 S p a ce-to -E arth  links

2. E xam ple frequency plan

A n ex am p le  freq u en cy  p lan  is illu s tra ted  in Fig. 3:

FIGURE 3 -  A proposal for TTC assignments for broadcasting satellites 
using spread-spectrum modulation techniques for TTC signals

N o te ! .  — A to R denote service areas or countries.
N o te .2. -  These spread-spectrum assignments require a new approach in frequency coordination. Non-interference is achieved by code 
distinction rather than by frequency separation.

RE F E R E N C E S

C C IR  Documents 

[1982-86]: a. 10-11 S/35 (ESA).
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DECISIONS

SATELLITE SOUND BROADCASTING FOR PORTABLE AND VEHICLE RECEIVERS
and

SHARING AND SPECTRUM ASPECTS OF WIDE RF-BAND 
HDTV SATELLITE BROADCASTING

( 1 9 8 0 - 1 9 8 1 - 1 9 8 3 - 1 9 8 5 - 1 9 8 7 - 1 9 8 9 )

CCIR S tu d y  G roups  10 a n d  11 , .

CONSIDERING

( a )  t h a t  S tu d y  G roups  10 an d  11 a r e  c o n c e r n e d  w i t h  t h e  b r o a d c a s t i n g - s a t e l ­
l i t e  s e r v i c e  w h ic h  i s  d i r e c t l y  i n t e r e s t e d  i n  t h e  e f f i c i e n t  u s e  o f  t h e  g e o s t a ­
t i o n a r y  a n d  o t h e r  s a t e l l i t e  o r b i t s  due t o  b o t h  t h e  s h a r i n g  o f  f r e q u e n c y  b a n d s  
w i t h  o t h e r  s p a c e  s e r v i c e s  a n d  t h e  p r o v i s i o n  o f  f e e d e r  l i n k s  f o r  i t s  s y s t e m s  by  
t h e  f i x e d - s a t e l l i t e  s e r v i c e ;

(b )  t h a t  i t  i s  h i g h l y  d e s i r a b l e ,  w i t h  r e s p e c t  t o  r e c e i v e r  econom y, t h a t  a
u n i f i e d  a n d  c o m p a t i b l e  f a m i l y  o f  s t a n d a r d s  b e  u s e d  f o r  b o t h  s a t e l l i t e  a n d  t e r ­
r e s t r i a l  s o u n d  b r o a d c a s t i n g ;

( c )  t h a t  t h e r e  h a s  b e e n  c o n s i d e r a b l e  p r o g r e s s  i n  t h e  d e v e lo p m e n t  o f  s a t e l ­
l i t e  b r o a d c a s t i n g  s e r v i c e  ( s o u n d ) ,  i n  p a r t i c u l a r  i n  t h e  a r e a  o f  a d v a n c e d  d i g i t a l  
s y s t e m s ;

(d )  t h a t  R e s o l u t i o n  No. 505 r e s o l v e s  t h a t  t h e  CCIR s h a l l  c o n t i n u e  a n d  e x p e ­
d i t e  s t u d i e s  r e l a t i n g  t o  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  o f  a  s a t e l l i t e  so u n d -  
b r o a d c a s t i n g  s y s t e m  f o r  i n d i v i d u a l  r e c e p t i o n  b y  p o r t a b l e  a n d  v e h i c l e  r e c e i v e r s ;

( e )  t h a t  t h e  P l e n i p o t e n t i a r y  C o n f e r e n c e ,  N ic e  1989 r e s o l v e d  t o  h o l d  a  WARC
i n  1992 f o r  d e a l i n g  w i t h  f r e q u e n c y  a l l o c a t i o n s  i n  c e r t a i n  p a r t s  o f  t h e  s p e c t r u m  
t a k i n g  a c c o u n t ,  i n t e r  a l i a , o f  t h e  R e s o l u t i o n s  a n d  R eco m m e n d a t io n s  o f
WARC ORB-8 8 ;

( f )  t h a t  R e s o l u t i o n  No. 520 o f  WARC ORB-88 i n v i t e d  t h e  CCIR t o  p u r s u e  i t s
t e c h n i c a l  s t u d i e s  on  t h e  b r o a d c a s t i n g  s a t e l l i t e  s e r v i c e  ( s o u n d )  i n  t h e  f r e q u e n c y  
r a n g e  500 MHz - 3 000 MHz, e s p e c i a l l y  on  t h e  f o l l o w i n g  i s s u e s :

i )  t h e  im p a c t  o f  c h o i c e  o f  f r e q u e n c y  on  s y s t e m  p a r a m e t e r s ,  e s p e ­
c i a l l y  s a t e l l i t e  pow er r e q u i r e m e n t s ,  t h e  c h a r a c t e r i s t i c s  o f

. t r a n s m i t t i n g  a n d  r e c e i v i n g  a n t e n n a s  a n d  on  p r o p a g a t i o n  
c h a r a c t e r i s t i c s ;

i i )  t h e  b a n d w id th  r e q u i r e d  by  t h e  s e r v i c e ;

i i i )  t h e  t e c h n i c a l  a s p e c t s  o f  s h a r i n g  b e tw e e n  s e r v i c e s  w i t h  s p e c i a l  
c o n s i d e r a t i o n  t o  g e o g r a p h i c a l  s h a r i n g ,

a n d  t o  p r o v i d e  a  r e p o r t  t o  t h e  C o n f e r e n c e  r e f e r r e d  t o  i n  CONSIDERING ( e )  a b o v e ;

DECISION 4 3 - 5 *

•ff .
This D ecision should be brought to  the  a tte n tio n  o f Study Group 4 regard ing  feed er l in k s  and to  Study Group 5 

regard ing  propagation  f a c to rs .
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CONSIDERING ALSO

(g )  t h a t  R e s o l u t i o n  No. 521 o f  WARC ORB-88 i n v i t e d  t h e  CCIR t o  c o n t i n u e  i t s
s t u d i e s  on w id e  R F -band  HDTV f o r  s a t e l l i t e  b r o a d c a s t i n g  u s i n g  a  f r e q u e n c y  b a n d  
i n  t h e  r a n g e  1 2 .7  - 23 GHz an d  a l s o  i n  t h e  r a n g e  1 1 .7  - 1 2 .7  GHz w i t h o u t  p r e j u ­
d i c e  t o  t h e  e x i s t i n g  p l a n s ,  an d  t o  p r o v i d e  a r e p o r t  t o  t h e  C o n f e r e n c e  r e f e r r e d  
t o  i n  CONSIDERING ( e )  a b o v e ;  . . ■

(h )  t h a t  S tu d y  G roups  10 a n d  11 h a v e  m a n d a te d  J o i n t  I n t e r i m  W ork ing
P a r t y  1 0 - 1 1 /3  t o  s t u d y  t h e  s y s t e m  a s p e c t s  o f  HDTV b r o a d c a s t i n g  b y  s a t e l l i t e  i n
t h e  c o n t e x t  o f  S tu d y  Programme 2M /10-11 ;

( j ) t h a t  a d d i t i o n a l  s t u d i e s  on s u i t a b l e  f r e q u e n c y  b a n d s  a n d  s h a r i n g  c o n ­
s t r a i n t s  w i t h  o t h e r  s e r v i c e s  a r e  r e q u i r e d  f o r  w id e  R F -b an d  HDTV s y s t e m s  f o r  t h e
BSS;

(k )  t h a t  R e s o l u t i o n  No. 521 o f  WARC ORB-88 h a s  i n v i t e d  t h e  C C IR . t o  u n d e r ­
t a k e  f u r t h e r  s t u d i e s  o f  f e e d e r  l i n k s  an d  down l i n k s  f o r  w id e  R F -b an d  HDTV;

(1 )  t h a t  t h e  b a n d  2 2 .5  - 23 GHz h a s  a l r e a d y  b e e n  a l l o c a t e d  t o  t h e
b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e  o n l y  i n  R e g io n s  2 a n d  3;

(m) t h a t  due a c c o u n t  s h o u l d  b e  t a k e n  o f  o t h e r  r a d i o c o m m u n i c a t i o n  s e r v i c e s
a p p e a r i n g  i n  A r t i c l e  8 o f  t h e  R a d io  R e g u l a t i o n s ;

(n )  t h a t  t h e  CCIR i n t e n d s  t o  h o l d  a m e e t in g  o f  a  JIWP o f  v a r i o u s  S tu d y
G ro u p s  [ t e n  m o n th s ]  b e f o r e  t h e  1992 C o n f e r e n c e  t o  p r e p a r e  t h e  CCIR r e p o r t  f o r  
t h e  WARC-9 2 ,

DECIDE

1. t h a t  JIWP 1 0 - 1 1 /1  b e  c o n t i n u e d  w i t h  t h e  f o l l o w i n g  t e r m s  o f  r e f e r e n c e :

1 . 1  t o  s t u d y ,  i n  t h e  c o n t e x t  o f  S tu d y  Programme 2K /10 a n d  11 ,  a s p e c t s  o f
s a t e l l i t e  s o u n d  b r o a d c a s t i n g  f o r  i n d i v i d u a l  r e c e p t i o n  b y  p o r t a b l e  a n d  v e h i c l e  
r e c e i v e r s  i n  t h e  b a n d  500 - 3 000 MHz, i n c l u d i n g :

- Q u a l i t y  o f  S e r v i c e ;

- t y p e s  o f  m o d u l a t i o n ;  :

- RF c h a n n e l  b a n d w id th  r e q u i r e d  p e r  so u n d  p rogram m e;

- p r o p a g a t i o n  f a c t o r s  ( w i t h  t h e  a s s i s t a n c e  o f  S tu d y  G roup  5 ) ;

- u s e  o f  d i f f e r e n t  s a t e l l i t e  o r b i t s ;

- s a t e l l i t e  pow er r e q u i r e d ;

- t r a n s m i t t i n g  a n d  r e c e i v i n g  a n t e n n a s ;  .

- r e c e i v e r s ;

. - f e e d e r  l i n k s ;
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- i m p a c t  o f  c h o i c e  o f  f r e q u e n c y  o f  o p e r a t i o n  on  s y s t e m  p a r a m e t e r s ;

- t o t a l  b a n d w id th  r e q u i r e d  b y  t h e  s e r v i c e ;

- t e c h n i c a l  a s p e c t s  o f  s h a r i n g  ( i n t e r - ,  i n t r a -  a n d  i n t e r r e g i o n a l )  
w i t h  o t h e r  r a d i o c o m m u n i c a t i o n  s e r v i c e s  w i t h  s p e c i a l  c o n s i d e r a t i o n  
t o  g e o g r a p h i c a l  s h a r i n g ;

- r a d i a t i o n  o u t s i d e  t h e  s e r v i c e  a r e a  (No. 2674  o f  t h e  R a d io  
R e g u l a t i o n s ) ;

- m u l t i p l e - u s e r  s a t e l l i t e ;

- e c o n o m ic  f a c t o r s  i n c l u d i n g  common r e c e i v e r s  f o r  t e r r e s t r i a l  a n d  
s a t e l l i t e  s o u n d  b r o a d c a s t i n g ;

- t h e  i m p l i c a t i o n s  o f  a  s a t e l l i t e  s o u n d  b r o a d c a s t i n g  s y s t e m  a u g ­
m e n te d  b y  t e r r e s t r i a l  r e b r o a d c a s t  t r a n s m i s s i o n  s h o u l d  b e  
s t u d i e d ;

1 .2  t o  p r e s e n t  a  r e p o r t  on  t h e  ab o v e  p o i n t s  t o  t h e  m e e t i n g  o f  t h e  JIWP m en­
t i o n e d  i n  CONSIDERING (n )  a b o v e ;

1 . 3  p r o p o s e  am endm ents  t o  a p p r o p r i a t e  r e p o r t s  a n d  R e c o m m e n d a t io n s ,  a n d  t a k ­
i n g  i n t o  a c c o u n t  WARC ORB-88 D e c i s i o n s  a b o u t  so u n d  b r o a d c a s t i n g  b y  s a t e l l i t e ,
r e p o r t  t o  S tu d y  G ro u p s  10 a n d  11 a t  t h e i r  n e x t  I n t e r i m  M e e t i n g s  i n  1 9 9 1 ,

ALSO DECIDE

1 . 4  t o  u n d e r t a k e ,  p a r t i c u l a r l y  i n  t h e  c o n t e x t  o f  S tu d y  Program m e
I E / 1 0  a n d  11 , a n d  i n  c o n s u l t a t i o n  w i t h  JIWP 1 0 - 1 1 / 3 ,  s p e c i f i c  s t u d i e s  c a l l e d  f o r  
b y  R e s o l u t i o n  No. 521 r e l a t e d  t o  w id e  R F -b an d  HDTV s a t e l l i t e  b r o a d c a s t i n g  a n d  t o  
s u b m i t  a  r e p o r t  on  t h e  f o l l o w i n g  s u b j e c t s  t o  t h e  JIWP m e n t i o n e d  i n  CONSIDERING 
ALSO (n):

- t o t a l  b a n d w id th  r e q u i r e d  f o r  t h e  s e r v i c e ;

- i n t e r -  a n d  i n t r a - s e r v i c e  s h a r i n g ;

- i n t e r r e g i o n a l  s h a r i n g ;  an d

- s p e c t r u m  a l l o c a t i o n  a n d  s h a r i n g  a s p e c t s  r e l a t e d  t o  t h e  a s s o c i a t e d
f e e d e r  l i n k s ;

1 . 5  t o  p r o p o s e  am endm ents  t o  a p p r o p r i a t e  R e p o r t s  a n d  R e c o m m e n d a t io n s , a n d  
t a k i n g  i n t o  a c c o u n t  R e s o l u t i o n  No. 521 o f  WARC ORB-8 8 ,  r e p o r t  t o  S tu d y  G ro u p s  10 
a n d  11 a t  t h e i r  n e x t  I n t e r i m  M e e t in g s  i n  1991;

2 . t h a t  JIWP 1 0 - 1 1 / 1  w ork  w i t h i n  t h e  p r o v i s i o n s  o f  R e s o l u t i o n  24 a n d  t h a t
i t  l i m i t  i t s  w ork  t o  t h e  e x i s t i n g  t e x t s  o f  t h e  X V I I th  P l e n a r y  A s s e m b ly  f ro m
S tu d y  G roups  10 a n d  11 a n d  t o  new c o n t r i b u t i o n s  f ro m  p a r t i c i p a n t s  i n  t h e  w o rk  o f  
S tu d y  G roups  10 a n d  11 a n d  JIWP 1 0 - 1 1 / 1 ;

3 . t h a t  t h e  C h a i rm a n ,  t h e  V ic e - C h a i r m e n  a n d  c o m p o s i t i o n  o f  t h e  IWP w i l l  b e
a s  shown i n  Annex I :
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ANNEX I

/Administrations:
Germany ( F e d e r a l  R e p u b l i c  o f )

A u s t r a l i a  
B r a z i l  
C anada  

S p a in
U n i t e d  S t a t e s  o f  A m e r ic a  

F i n l a n d  
F r a n c e  

I n d i a
I r a n  ( I s l a m i c  R e p u b l i c  o f )

I t a l y  
J a p a n  

N e t h e r l a n d s  
German D e m o c r a t i c  R e p u b l i c  

U n i t e d  Kingdom 
Sweden 

S w i t z e r l a n d  
USSR

International Organizations:

EBU 
EUTELSAT 
INTELSAT.

Chairman of Interim Working Party 10-11/1:

Mr. D. S a u v e t - G o ic h o n  
T e l e d i f f u s i o n  de F r a n c e  
CERIM
10 r u e  d 'O r a d o u r  s u r  G la n e  
75732 PARIS CEDEX 15 
F r a n c e

Vice-Chairmen:

Mr. R.M. B a r t o n  T e l e p h o n e :
D i r e c t o r ,  E n g i n e e r i n g  T e l e x :
F e d e r a t i o n  o f  A u s t r a l i a n  C o m m erc ia l  T e l e f a x :

S t a t i o n s  (FACTS)
44 A venue Road 
MOSMAN, NSW 
A u s t r a l i a ,  2088

M rs . L i l i a n a  N ak o n ech n y j  T e l e p h o n e :  + 5 5 .2 1  294 90 47
c / o  S e c r e t a r i a  de A s s u n t o s  I n t e n a c i o n a i s  T e l e x :  +55 21 23131
M i n i s t e r i o  d a s  C o m u n ica?o es  T e l e f a x :  +55 21 294 81 82
E s p l a n a d a  d o s  M i n i s t e r i o s
B lo c o  R, 6 0 ,  a n d a r
70 044  BRASILIA, DF
B r a z i l

+61 2 960 2622 °
121 542 

+61 2 969 3520

T e le p h o n e :  +33 1 4095 4745 
T e l e x :  204 402 F
T e l e f a x :  +33 1 4554  7852
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Mr. V. V. Rao 
C h i e f  E n g i n e e r  
A l l  I n d i a  R a d io  
P & D U n i t  
S a n s a  Marg 
NEW DELHI 11001 
I n d i a

a n d  .

Mr. W a r re n  G. R i c h a r d s
D e p u ty  D i r e c t o r
O f f i c e  o f  I n t e r n a t i o n a l  R a d io

C o m m u n ic a t io n s  (C IP /IR C  - Room 6317) 
D e p a r tm e n t  o f  S t a t e  
WASHINGTON, D.C. 20520 
USA

T e le p h o n e :  +91 11 38 85 47 
T e l e x :  65585 DAIR

T e le p h o n e :  +1 202 647 5841 
T e l e x :  s e c s t a t e  4 40080  
T e l e f a x :  +1 202 647 5854
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DECISION 5 1 -4

SATELLITE BROADCASTING OF HIGH DEFINITION 
TELEVISION (HDTV) SIGNALS

a n d

ACCOMMODATION OF SEVERAL AUDIO AND/OR DATA SIGNALS 
EITHER ASSOCIATED WITH TELEVISION SIGNALS OR FOR 

SOUND/DATA BROADCASTING IN TERRESTRIAL AND 
SATELLITE BROADCASTING CHANNELS

( Q u e s t i o n s  2 /1 0  an d  11 , 2 9 /1 1  a n d  S tu d y  Program m es 2C /10  a n d  11 ,  
2 F /1 0  a n d  11 , 2K/10 a n d  1 1 ,  2M/10 an d  11 , 2N /10 a n d  11 ,

4 7 A /1 0 , 4 7 B / 1 0 , 5 1 C /1 0 ,  5 1 D /10 ,  51E /1 0  a n d  12B /1 1 )

( 1 9 8 1 - 1 9 8 3 - 1 9 8 5 - 1 9 8 7 - 1 9 8 9 )

CCIR S tu d y  G roups  10 a n d  11 ,

CONSIDERING

( a )  t h a t  i t  i s  d e s i r a b l e  t o  o p t i m i z e  t h e  u s e  o f  t h e  s a t e l l i t e  a n d
t e r r e s t r i a l  c h a n n e l  c a p a c i t y  i n  r e l a t i o n  t o  t h e  v a r i o u s  r e q u i r e m e n t s  b e tw e e n  
p i c t u r e ,  so u n d  a n d  d a t a  b r o a d c a s t i n g  s e r v i c e s ;

(b )  t h a t  i t  i s  d e s i r a b l e ,  i n  r e s p e c t  o f  r e c e i v e r  econom y, t h a t  u n i f i e d ,
e a s i l y  c o n v e r t i b l e  s t a n d a r d s  b e  u s e d  f o r  s i m i l a r  a p p l i c a t i o n s  i n  s a t e l l i t e  
b r o a d c a s t i n g  a n d  i n  t e r r e s t r i a l  b r o a d c a s t i n g ;

( c )  t h a t  t h e  d e f i n i t i o n  o f  e m i s s i o n  s t a n d a r d s  i s  u r g e n t  f o r  s a t e l l i t e
b r o a d c a s t i n g  a s  w e l l  a s  f o r  t e r r e s t r i a l  b r o a d c a s t i n g ,  b e a r i n g  i n  m in d  t h e  t im e  
n e e d e d  f o r  t h e  d e v e lo p m e n t  o f  r e c e i v i n g  e q u ip m e n t ,  a n d  t h e  e x p e c t e d  
i m p l e m e n t a t i o n  d a t e s  o f  v a r i o u s  new s e r v i c e s ,

CONSIDERING ALSO

(d )  t h a t  HDTV s i g n a l s  c a n  p r o v i d e  a  s i g n i f i c a n t  im p ro v e m e n t  i n  q u a l i t y  a n d
r e a l i s m  o v e r  c o n v e n t i o n a l  5 2 5 / 6 2 5 - l i n e  s y s t e m s ;

( e )  t h a t  t h e r e  h a s  b e e n  c o n s i d e r a b l e  p r o g r e s s  i n  t h e  d e v e lo p m e n t  o f  HDTV
p r o d u c t i o n  s y s t e m s  a n d  t h a t  I n t e r i m  W ork ing  P a r t y  1 1 /6  i s  c o n t i n u i n g  i t s  w ork  t o  
d e f i n e  a  s t a n d a r d  f o r  p r o d u c t i o n  a n d  program m e e x c h a n g e ;

( f )  t h a t  t h e  d e v e lo p m e n t  o f  t e c h n i q u e s  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n
b r o a d c a s t i n g  i s  r a p i d l y  p r o g r e s s i n g ;

(g )  t h a t  t h e  p o s s i b l e  i m p l e m e n t a t i o n  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n
b r o a d c a s t i n g  b y  t e r r e s t r i a l  e m i s s i o n  i s  b e i n g  c o n s i d e r e d  b y  some 
a d m i n i s t r a t i o n s ;
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(h )  t h a t  e x p e r i m e n t a l  i m p l e m e n t a t i o n  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n
b r o a d c a s t i n g  b y  s a t e l l i t e  e m i s s i o n  h a s  commenced a n d  t h a t  o t h e r  a d m i n i s t r a t i o n s  
a r e  p r e p a r i n g  f o r  i t ,  a n d  t h a t  t h i s  may a l s o  h a v e  i m p l i c a t i o n s  f o r  t e r r e s t r i a l  
b r o a d c a s t i n g ;

( j )  t h a t  a  w o r l d - w i d e  f r e q u e n c y  a l l o c a t i o n  t o  t h e  b r o a d c a s t i n g - s a t e l l i t e
s e r v i c e  s u i t a b l e  f o r  HDTV e m i s s i o n s  w o u ld  b e  d e s i r a b l e  t o  f a c i l i t a t e  t h e  
i m p l e m e n t a t i o n  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n  e m i s s i o n  v i a  s a t e l l i t e s ;

(k )  t h a t  S tu d y  G ro u p s  10 a n d  11 , i n  S tu d y  P rogram m es 2M/10 a n d  1 1 ,  h a v e
d e c i d e d  t o  c a r r y  o u t  s t u d i e s  r e l a t i n g  t o  t h e  s a t e l l i t e  b r o a d c a s t i n g  o f  HDTV a n d  
h a v e  p r e p a r e d  r e l a t e d  R e p o r t  1075 on  s y s t e m  a s p e c t s ;

(1 )  t h a t  t h e  P l e n i p o t e n t i a r y  C o n f e r e n c e ,  N ic e  1 9 8 9 ,  r e s o l v e d  t o  h o l d  a  WARC
i n  1992 f o r  d e a l i n g  w i t h  f r e q u e n c y  a l l o c a t i o n s  i n  c e r t a i n  p a r t s  o f  t h e  s p e c t r u m  
t a k i n g  a c c o u n t ,  i n t e r  a l i a ,  o f  t h e  R e s o l u t i o n s  a n d  R e c o m m e n d a t io n s  o f  WARC 
ORB-88;

(m) t h a t  R e s o l u t i o n  521 h a s  i n v i t e d  t h e  CCIR t o  u n d e r t a k e  f u r t h e r  s t u d i e s
o f  f e e d e r  l i n k s  a n d  down l i n k s  f o r  w id e  R F -b a n d  HDTV;

(n )  t h a t  t h e  CCIR i n t e n d s  t o  h o l d  a  m e e t i n g  o f  a  J o i n t  I n t e r i m  W o rk in g
P a r t y  o f  v a r i o u s  S tu d y  G ro u p s  [ t e n  m o n th s ]  b e f o r e  t h e  1992 C o n f e r e n c e  t o  p r e p a r e
a  r e p o r t  f o r  t h e  WARC-9 2 ;

(o )  t h a t  S tu d y  G ro u p s  10 a n d  11 h a v e  m a n d a te d  JIWP 1 0 - 1 1 / 1  t o  s t u d y  t h e
s p e c t r u m  r e q u i r e m e n t  a n d  s h a r i n g  a s p e c t s  o f  w id e  R F -b a n d  HDTV b r o a d c a s t i n g  b y  
s a t e l l i t e ;

(p )  t h a t  d i g i t a l  m o d u l a t i o n  m e th o d s  a p p e a r  t o  b e  b e t t e r  s u i t e d  t o  t h e
d i f f i c u l t  p r o p a g a t i o n  c o n d i t i o n s  i n  t h e  h i g h e r  e n d  o f  t h e  f r e q u e n c y  r a n g e  
m e n t io n e d  i n  R e s o l u t i o n  5 2 1 ,  a n d  t o  o p e r a t i o n  i n  a n  i n t e r f e r e n c e  e n v i r o n m e n t  
w h i l e  p r o v i d i n g  a  h i g h  d e g r e e  o f  s p e c t r u m  e f f i c i e n c y ,

CONSIDERING FURTHER

(q )  t h a t  s e v e r a l  CCIR Q u e s t i o n s  a n d  S tu d y  P rogram m es c o n c e r n  t h e  d e f i n i t i o n
o f  new s t a n d a r d s  f o r  t h e  e m i s s i o n  o f  s e v e r a l  a u d i o  s i g n a l s  a c c o m p a n y in g  t h e  
t e l e v i s i o n  p i c t u r e  s i g n a l  a n d ,  i n  p a r t i c u l a r ,  S tu d y  P rog ram m es  4 7 A /1 0 ,  4 7 B /1 0 ,  
5 1 C /1 0 ,  5 1 E /1 0  a n d  1 2 B -1 /1 1  a n d  t h a t  JIWP 10-CM TT/l h a s  b e e n  fo r m e d  t o  s t u d y  
d i g i t a l  s o u r c e  c o d i n g  a n d  c o m p r e s s i o n  o f  h i g h  q u a l i t y  m u l t i - c h a n n e l  a u d i o ;

( r )  t h a t  a u d i o  s i g n a l s  may a l s o  b e  e m i t t e d  i n  t h e  a b s e n c e  o f  a  p i c t u r e
s i g n a l  i n  a  c h a n n e l  d e s i g n e d  f o r  t e l e v i s i o n ,  p r o v i d e d  t h a t  t h e r e  i s  no  r e s u l t a n t  
i n c r e a s e  i n  t h e  i n t e r f e r e n c e  ( s e e  Annex 5 o f  A p p e n d ix  30 (ORB-8 5)  t o  t h e  R a d io  
R e g u l a t i o n s ) ;

( s )  t h a t  t e c h n o l o g i c a l  d e v e lo p m e n t s  a l l o w  t h e  e m i s s i o n  o f  d i g i t a l  s i g n a l s
t o  t h e  p u b l i c  t o  b e  e n v i s a g e d ,  b u t  t h a t  t h e  u s e  o f  d i g i t a l  m o d u l a t i o n  r e q u i r e s
t h e  p r i o r  d e f i n i t i o n  o f  t h e  c h a r a c t e r i s t i c s  o f  s y s t e m s  c o n c e r n i n g  s o u r c e  c o d i n g ,  
m u l t i p l e x i n g ,  c h a n n e l  c o d i n g  a n d  m o d u l a t i o n  o f  a u d i o  s i g n a l s ,  i n  a c c o r d a n c e  w i t h  
S tu d y  Program m es 5 1 C /1 0 ,  5 1 D /1 0 ,  51 E /1 0  a n d  2 F /1 0  a n d  1 1 ;

( t )  t h a t  t h e r e  i s ,  i n  many c o u n t r i e s ,  a  n e e d  t o  i n c r e a s e  t h e  n um ber o f
s o u n d  b r o a d c a s t  p ro g ram m es  a n d  t h e  num ber o f  s o u n d  s i g n a l s  a s s o c i a t e d  w i t h  t h e  
t e l e v i s i o n  p i c t u r e  s i g n a l ,  b u t  t h a t  i n  s a t i s f y i n g  t h e s e  r e q u i r e m e n t s ,  a c c o u n t  
m u s t  b e  t a k e n  o f  t h e  c o n s t r a i n t s  o f  s p e c t r u m  econom y;
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( u )  t h a t  t h e  d a t a  b r o a d c a s t i n g  s e r v i c e s  s t u d i e d  b y  JIWP 1 0 - 1 1 / 5  ( s e e
Q u e s t i o n  2 9 /1 1  a n d  i t s  r e l a t e d  S tu d y  Program m es a n d  S tu d y  Program m e 4 6 H /1 0 )  a r e  
l i k e l y  t o  e x p a n d  i n  t h e  n e a r  f u t u r e  a n d  t h a t  i t  i s  d e s i r a b l e  t o  b e  a b l e  t o  u s e
t h e  same t y p e  o f  s y s t e m  f o r  t h e  b r o a d c a s t i n g  o f  d a t a  a n d  d i g i t a l  s o u n d ;

(v )  t h a t  a  f i r s t  e d i t i o n  o f  t h e  CCIR S p e c i a l  P u b l i c a t i o n  " S p e c i f i c a t i o n s  o f
t r a n s m i s s i o n  s y s t e m  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e "  c o n t a i n i n g  
i n f o r m a t i o n  a v a i l a b l e  up  t o  1987 h a s  b e e n  p u b l i s h e d .

(w) t h a t  new a n d  m ore d e t a i l e d  i n f o r m a t i o n  i s  now b e c o m in g  a v a i l a b l e  on  t h e
e m i s s i o n  s y s t e m s  b e i n g  im p le m e n te d  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e ,  b u t  
t h a t  i t  w i l l  n o t  b e  p o s s i b l e  t o  c o n s i d e r  a l l  o f  t h i s  new i n f o r m a t i o n  i n  t im e  f o r
t h e  1990 P l e n a r y  A sse m b ly  o f  t h e  CCIR;

( x )  t h a t  d e t a i l e d  i n f o r m a t i o n  s h o u l d  b e  a v a i l a b l e  f o r  g e n e r a l  u s e  w i t h o u t
u n d u e  d e l a y .

DECIDE

1 .  t h a t  JIWP 1 0 - 1 1 / 3  b e  c o n t i n u e d  w i t h  t h e  f o l l o w i n g  t e r m s  o f  r e f e r e n c e :

1 . 1  t o  s t u d y  r a d i o  f r e q u e n c y  a n d  e m i s s i o n  t e c h n i c a l  p a r a m e t e r s  i n c l u d i n g  
m o d u l a t i o n ,  c h a n n e l  c o d i n g  a n d  m u l t i p l e x i n g  o f  HDTV b r o a d c a s t i n g  w i t h  t h e  
t e c h n i c a l  a s s i s t a n c e ,  a s  r e q u i r e d ,  o f  IWP 1 1 /6  a n d  JIW Ps 10-CM TT/l a n d  1 0 - 1 1 / 5 ;

1 . 1 . 1  t o  s t u d y  t h e  s u b j e c t s  o f  s y s t e m  p a r a m e t e r s ,  a n d  p r o p a g a t i o n  
^ c h a r a c t e r i s t i c s  a s  t h e y  r e l a t e  t o  t h e  e m i s s i o n  o f  HDTV. T h i s  s t u d y  s h o u l d  b e  
u n d e r t a k e n  on  t h e  f o l l o w i n g  t y p e s  o f  s y s t e m s :

- d i g i t a l  w id e  R F -b an d  s y s t e m s ;

- a n a l o g u e  w id e  R F -b a n d  s y s t e m s ;

- a n a l o g u e  n a r r o w  R F -b an d  s y s t e m s ;

1 . 1 . 2  t o  p r o v i d e  t e c h n i c a l  a s s i s t a n c e ,  a s  r e q u i r e d ,  t o  t h e  c o m p e t e n t  IWPs o f  
S t u d y  G roup 1 1 ,  w h ic h  i n t e n d  t o  p r e p a r e  a  c o m p a n io n  R e p o r t  d u r i n g  t h e  same 
p e r i o d  on  t h e  s u b j e c t  o f  t h e  e m i s s i o n  o f  HDTV;

1 . 1 . 3  t o  u n d e r t a k e  t h e  s p e c i f i c  f u r t h e r  s t u d i e s  a n d  t o  p r e p a r e ,  i n  
c o n s u l t a t i o n  w i t h  JIWP 1 0 - 1 1 / 1 ,  a  r e p o r t  c a l l e d  f o r  b y  R e s o l u t i o n  521 a n d  t o  
s u b m i t  t h i s  r e p o r t  t o  t h e  m e e t i n g  o f  t h e  JIWP m e n t i o n e d  i n  CONSIDERING (n )  
a b o v e .  T h i s  r e p o r t  i s  t o  i n c l u d e  t h e  f o l l o w i n g :

l . H . 3 . 1  s y s t e m  p a r a m e t e r s  f o r  w id e  R F -b a n d  h i g h  d e f i n i t i o n  t e l e v i s i o n  
e m i s s i o n s  b y  s a t e l l i t e  w i t h  e m p h a s i s  o n  t h e  e f f e c t  o f  t h e  c h o i c e  o f  f r e q u e n c y ,  
e . g . : :

- q u a l i t y  o f  s e r v i c e ;

- i m p a c t  o f  c h o i c e  o f  f r e q u e n c y  o f  o p e r a t i o n  o n  s y s t e m  p a r a m e t e r s ;

- m o d u l a t i o n  ( i n c l u d i n g  e m i s s i o n  f o r m a t ,  m u l t i p l e x i n g  a n d  c h a n n e l  
c o d i n g ) ;

- c h a n n e l  b a n d w id th  r e q u i r e m e n t ;
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- s a t e l l i t e  pow er r e q u i r e m e n t s ;

- s a t e l l i t e  a n d  e a r t h  s t a t i o n  t e c h n o l o g y ;

- r e c e i v i n g  s y s t e m  c h a r a c t e r i s t i c s ;

- s y s t e m  c h a r a c t e r i s t i c s  f o r  t h e  a s s o c i a t e d  f e e d e r  l i n k s ;

- t y p e  o f  p o l a r i z a t i o n  ( p r o p a g a t i o n  e f f e c t s ) ;

- p r o t e c t i o n  r a t i o s ;

1 . 1 . 3 . 2  p r o p a g a t i o n  c h a r a c t e r i s t i c s ,  ( w i t h  t h e  a s s i s t a n c e  o f  S tu d y  G roup 5)
e . g .  :

- p r e c i p i t a t i o n  l o s s e s  ( c o n s i d e r i n g  a t t e n u a t i o n ) ;

- a t m o s p h e r i c  a b s o r p t i o n ;

- c r o s s - p o l a r  d i s c r i m i n a t i o n ;

- m i t i g a t i o n  t e c h n i q u e s  a g a i n s t  p r o p a g a t i o n  e f f e c t s ;

1 . 2  t o  s t u d y  b r o a d c a s t i n g  t e c h n i q u e s  o f  s e v e r a l  a u d i o  s i g n a l s  a n d / o r  d a t a
s i g n a l s  e i t h e r  a s s o c i a t e d  w i t h  TV s i g n a l s  o r  f o r  s o u n d / d a t a  b r o a d c a s t i n g  i n  
t e r r e s t r i a l  a n d  s a t e l l i t e  b r o a d c a s t i n g  c h a n n e l s ;

1 . 2 . 1  t o  c o n t i n u e  t h e  e x a m i n a t i o n  o f  m o d u l a t i o n  s t a n d a r d s  f o r  t h e
a c c o m m o d a t io n  o f  p i c t u r e  s i g n a l  a n d  s e v e r a l  a u d i o  a n d / o r  d a t a  s i g n a l s .  The s t u d y  
s h o u l d  i n c l u d e  t h e  m e th o d s  f o r  i n t e r c o n n e c t i n g  b e tw e e n  s a t e l l i t e  a n d  t e r r e s t r i a l  
b r o a d c a s t i n g  s y s t e m s ;

1 . 2 . 2  t o  s t u d y  s u i t a b l e  c h a n n e l  c o d i n g  a n d  m u l t i p l e x i n g  m e th o d s  f o r
a c c o m m o d a t io n ,  i n  t h e  s t r u c t u r e  o f  HDTV e m i s s i o n  f o r m a t s ,  t h e  n e c e s s a r y  num ber  
o f  s o u n d  c h a n n e l s ,  w i t h  a d e q u a t e  q u a l i t y ,  a s  s p e c i f i e d  b y  S tu d y  G roup 1 0 ;  .

1 . 2 . 3  f o r  t h e  c a s e  o f  d a t a  s i g n a l s ,  t o  s t u d y  t h e  s u i t a b l e  m u l t i p l e x i n g  
m e th o d s  i n  r e l a t i o n  t o  § 1 . 2 . 2 ,  k e e p i n g  a p p r o p r i a t e  c o o r d i n a t i o n  w i t h
JIWP 1 0 - 1 1 / 5 ,  w h ic h  i s  r e s p o n s i b l e  f o r  t h e  s o u r c e  c o d i n g  a n d  t h e  d e f i n i t i o n  o f  
t h e  d a t a  b r o a d c a s t i n g  s e r v i c e s ;

1 . 2 . 4  t o  s t u d y  a p p r o p r i a t e  m e th o d s  t o  o r g a n i z e  a n d  d e f i n e  t h e  u s e  o f  t h e
b r o a d c a s t i n g  c h a n n e l  c a p a c i t y  b e tw e e n  d i f f e r e n t  s i g n a l s  s u c h  a s  p i c t u r e ,  s o u n d  
a n d  d a t a ;

1 . 3  t o  r e v i e w  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  CCIR S p e c i a l  P u b l i c a t i o n
" S p e c i f i c a t i o n s  o f  t r a n s m i s s i o n  s y s t e m s  f o r  t h e  b r o a d c a s t i n g - s a t e l l i t e  s e r v i c e "  
c o n c e r n i n g  R e c o m m en d a t io n  650 i n  c o n j u n c t i o n  w i t h  a v a i l a b l e  new i n f o r m a t i o n  a n d  
t o  p r e p a r e  a n  u p d a t e d  r e v i s i o n  o r  s u p p le m e n t  t o  t h e  S p e c i a l  P u b l i c a t i o n ;

1 . 3 . 1  t o  c o n s i d e r  t h e  new i n f o r m a t i o n  i n  c o n j u n c t i o n  w i t h  t h e  S p e c i a l
P u b l i c a t i o n  a n d  a p p r o v e ,  on  b e h a l f  o f  t h e  CCIR, t h e  p u b l i c a t i o n  o f  a  r e v i s e d  
e d i t i o n  o f ,  o r  s u p p le m e n t  t o ,  t h e  S p e c i a l  P u b l i c a t i o n  b y  31 D ecem ber  19 9 0 ;

1 . 3 . 2  t o  r e v i e w  t h e  n e e d  f o r  f u r t h e r  r e v i s i o n  on  c o m p l e t i n g  1 . 3 . 1  a n d  t o
r e p o r t  t o  t h e  n e x t  I n t e r i m  M e e t in g s  o f  S tu d y  G ro u p s  10 a n d  11;



1 . 4  t o  p r o p o s e  a p p r o p r i a t e  c h a n g e s  t o  r e l e v a n t  CCIR R e p o r t s  a n d
R eco m m en d a t io n s  a n d  r e p o r t  on  t h e  r e s u l t s  o f  t h e  ab o v e  s t u d i e s  t o  S tu d y  
G ro u p s  10 a n d  11 a t  t h e i r  n e x t  I n t e r i m  M e e t in g s  i n  1991;

2 .  t h a t  JIWP 1 0 - 1 1 / 3  w ork  w i t h i n  t h e  p r o v i s i o n s  o f  R e s o l u t i o n  24 a n d  t h a t
i t  l i m i t  i t s  w ork  t o  t h e  e x i s t i n g  t e x t s  o f  t h e  X V I I th  P l e n a r y  A ssem b ly  from  
S tu d y  G roups  10 a n d  11 a n d  t o  new c o n t r i b u t i o n s  f ro m  p a r t i c i p a n t s  i n  t h e  w ork  o f
S tu d y  G roups  10 a n d  11 a n d  JIWP 1 0 - 1 1 / 3 ;

3 .  t h a t  t h e  C h a irm a n ,  t h e  V ic e - C h a i r m e n  a n d  c o m p o s i t i o n  o f  t h e  IWP w i l l  be
a s  shown i n  Annex I :

ANNEX I

Administrations:
Germany ( F e d e r a l  R e p u b l i c  o f )  

S a u d i  A r a b i a  
A u s t r a l i a  

B r a z i l  
C anada

C h in a  ( P e o p l e ' s  R e p u b l i c  o f )  
Denmark 

S p a in
U n i t e d  S t a t e s  o f  A m e r ic a  

F i n l a n d  
F r a n c e  

I n d i a
I r a n  ( I s l a m i c  R e p u b l i c  o f )  

I t a l y  
J a p a n  
Kenya 

N e t h e r l a n d s  
German D e m o c r a t i c  R e p u b l i c  

U n i t e d  Kingdom 
Sweden 

USSR

I n t e r n a t i o n a l  O r g a n i z a t i o n s :

EBU 
EUTELSAT 
INTELSAT.

Chairman o f  I n t e r i m  W ork ing  P a r t y  1 0 - 1 1 / 3 :

Mr. O s t e n  M A k ita lo  
S w e d ish  T e leco m  R a d io  
R a d io  L a b o r a t o r y  
S -1 3 6  80 HANINGE 
Sweden

T e le p h o n e :  +46 8 707 4600  
T e l e x :  54 14970  g e n t e l  
T e l e f a x :  +46 8 707 4684



D. 5 1 - 4
673

Vice-Chairmen:

M r. G. C h o u in a r d
D e p a r tm e n t  o f  C o m m u n ic a t io n s
C o m m u n ic a t io n s  R e s e a r c h  C e n t r e ,  DSL
P. 0 .  Box 11 4 9 0 ,  T e r m i n a l  H
OTTAWA, ONTARIO K2H 8S2
C anada

Mr. T a i j i  N is h i z a w a  
A d v anced  T e l e v i s i o n  S y s tem  

R e s e a r c h  D i v i s i o n  
S c i e n c e  a n d  T e c h n i c a l  R e s e a r c h  L ab . 
NHK
1 - 1 0 - 1 1 ,  K i n u t a ,  S e t a g a y a - k u
TOKYO 157
J a p a n

Mr. S. K. Chemai 
H e a d / E x t e r n a l  T e l e c o m m u n ic a t io n s  

S e r v i c e
Kenya P o s t s  a n d  T e le c o m m u n ic a t io n s  

C o r p o r a t i o n  
P. 0 .  Box 47704  
NAIROBI 
Kenya

and

M r. S u la im a n  Samnan 
D i r e c t o r  F r e q u e n c y  M anagem ent 
E n g i n e e r i n g  A f f a i r s  
M i n i s t r y  o f  I n f o r m a t i o n  
RIYADH
S a u d i a  A r a b i a

T e l e p h o n e :  +1 613 998 2652 
T e l e x :  053 3342 
T e l e f a x :  +1 613 998 2433

T e l e p h o n e :  +81 3 415 5111
T e l e x :  j 22377
T e l e f a x :  +81 3 417 5536

T e l e p h o n e :  +254  2 33 94 37 
T e l e x :  22195 o r  22406

T e l e p h o n e :  +966 1 40 4  1692 
T e l e x :  40 1 0 4 0  m i n f e n  s j
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DECISION 93 

PREPARATORY WORK FOR THE WARC 1992

CCIR S tu d y  G ro u p s  10 a n d  11 ,

CONSIDERING

(a)  t h a t  t h e  ITU P l e n i p o t e n t i a r y  C o n f e r e n c e  ( N ic e ,  1 9 8 9 ) ,  b y  R e s o l u t i o n  No. 1 ( P L - B / 1 )
h a s  d e c i d e d :

- t h a t  t h e  W o rld  A d m i n i s t r a t i v e  R a d io  C o n f e r e n c e  f o r  d e a l i n g  w i t h  f r e ­
q u e n c y  a l l o c a t i o n s  i n  c e r t a i n  p a r t s  o f  t h e  s p e c t r u m  b e  h e l d  i n  t h e  
f i r s t  q u a r t e r  o f  1992 ;

- t h a t  t h e  a g e n d a  f o r  t h i s  C o n f e r e n c e  s h a l l  b e  e s t a b l i s h e d  b y  t h e  A d­
m i n i s t r a t i v e  C o u n c i l  t a k i n g  i n t o  c o n s i d e r a t i o n ,  i n t e r  a l i a ,  t h e  R e s o ­
l u t i o n s  a n d  R e co m m en d a t io n s  o f  WARC ORB-88 r e l a t i n g  t o  f r e q u e n c y  
a l l o c a t i o n s ;

(b) t h a t  t h e  WARC ORB- 8 8 ,  b y  R e s o l u t i o n s  520 a n d  52 1 ,  h a s  i n v i t e d  t h e  CCIR t o  
c a r r y  o u t  c e r t a i n  s t u d i e s  on  s a t e l l i t e  s o u n d  b r o a d c a s t i n g  a n d  s a t e l l i t e  w id e  RF- 
b a n d  HDTV i n  p r e p a r a t i o n  f o r  t h i s  C o n f e r e n c e ;

(c) t h a t  S tu d y  G ro u p s  10 a n d  11 h a v e  p r e p a r e d  R e p o r t s  r e l e v a n t  t o  s a t e l l i t e  
so u n d  b r o a d c a s t i n g  a n d  t o  HDTV s a t e l l i t e  b r o a d c a s t i n g ;

(d) t h a t  JIWP 1 0 - 1 1 / 1  h a s  a l r e a d y  c a r r i e d  o u t  s t u d i e s  on  s a t e l l i t e  s o u n d  
b r o a d c a s t i n g  w i t h i n  i t s  t e r m s  o f  r e f e r e n c e  i n  D e c i s i o n  4 3 ;

(e) t h a t  JIWP 1 0 - 1 1 / 3  h a s  a l r e a d y  c a r r i e d  o u t  s t u d i e s  on  HDTV s a t e l l i t e  
b r o a d c a s t i n g  w i t h i n  i t s  t e r m s  o f  r e f e r e n c e  i n  D e c i s i o n  51 ;

(f) t h a t  t h e  CCIR I n t e r i m  M e e t in g s  f o r  t h e  p e r i o d  1990 - 1994 w i l l  n o t  b e  h e l d  
b e f o r e  t h e  CCIR JIWP m e e t i n g  p r e p a r i n g  f o r  t h e  C o n f e r e n c e ,  r e f e r r e d  t o  i n
R e s o l u t i o n  100 , ,

DECIDE

1 .  t h a t  JIW Ps 1 0 - 1 1 / 1  a n d  1 0 - 1 1 / 3  c a r r y  o u t  a s  much o f  t h e i r  w o rk  a s  p o s s i b l e  
b y  c o r r e s p o n d e n c e ;

2 .  t h a t ,  f o r  t h e  s p e c i f i c  p u r p o s e  o f  p r e p a r i n g  t h e  n e c e s s a r y  w o rk  f o r  t h e  
C o n f e r e n c e  a s  o u t l i n e d  i n  A nnex , JIWP 1 0 - 1 1 / 1  a n d  JIWP 1 0 - 1 1 / 3  h o l d  o n e  m e e t i n g  
e a c h ;
3 .  t h a t  t h e  m e e t i n g s  s h a l l  b e  h e l d  a t  a n  a p p r o p r i a t e  t i m e  t o  s u b m i t  r e p o r t s
d i r e c t l y  t o  t h e  JIWP r e f e r r e d  t o  i n  R e s o l u t i o n  100 — ------------- n o t  l a t e r  t h a n  two
m o n th s  b e f o r e  t h e  c o n v e n i n g  o f  t h e  JIWP;

( 1 9 8 9 )
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4 .  t h a t ,  f o r  c o n v e n i e n c e ,  t h e  m e e t i n g s  s h o u l d  b e  h e l d  c o n s e c u t i v e l y  a n d ,  i n  
p a r t i c u l a r ,  t h e  m e e t i n g  o f  JIWP 1 0 - 1 1 /3  b e f o r e  t h a t  o f  JIWP 1 0 - 1 1 / 1 ,  p r e f e r a b l y  
i n  t h e  same g e n e r a l  g e o g r a p h i c a l  a r e a ;

5 .  t h a t  s u c h  m e e t i n g s  s h o u l d  b e  a r r a n g e d  on  t h e  b a s i s  o f  p r o p o s a l s  o f  t h e  
C h a irm e n  o f  t h e  JIWPs f o l l o w i n g  c o n s u l t a t i o n s  w i t h  t h e  D i r e c t o r  o f  t h e  CCIR.

ANNEX I

The w ork  s h a l l  i n c l u d e ,  b u t  n o t  n e c e s s a r i l y  b e  l i m i t e d  t o  t h e  f o l l o w i n g :

(a) f o r  w id e  R F -b a n d  HDTV t r a n s m i s s i o n s  b y  s a t e l l i t e  i n  t h e  f r e q u e n c y  r a n g e
1 2 .7  t o  23 GHz:

- im p a c t  o f  c h o i c e  o f  f r e q u e n c y  o f  o p e r a t i o n  on  s y s t e m  p a r a m e t e r s ;

- m o d u l a t i o n ;

- e m i s s i o n  f o r m a t ,  m u l t i p l e x i n g  a n d  c h a n n e l  c o d i n g ;

- c h a n n e l  b a n d w id th ;

- s a t e l l i t e  p o w er  r e q u i r e d ;

- t y p e  o f  p o l a r i z a t i o n ;

- p r o t e c t i o n  r a t i o s ;

- p r o p a g a t i o n ;

- t o t a l  s p e c t r u m  r e q u i r e d ;

- i n t e r - / i n t r a - s e r v i c e  s h a r i n g ;

- i n t e r r e g i o n a l  s h a r i n g ;

- s y s t e m  c h a r a c t e r i s t i c s  f o r  f e e d e r  l i n k s ;

- s p e c t r u m  n e e d s  f o r  f e e d e r  l i n k s .

S t u d i e s  s h o u l d  b e  c a r r i e d  o u t  i n  a c c o r d a n c e  w i t h  R e s o l v e s  3 o f  R e s o l u t i o n  
No. 521 (WARC O RB-88), w h ic h  s t a t e s :  "W h ile  t h e  P l a n s  f o r  t h e  b a n d  1 1 .7  - 1 2 .7  
GHz c a n  a l r e a d y  b e  u s e d  f o r  c e r t a i n  t y p e s  o f  h i g h  d e f i n i t i o n  t e l e v i s i o n  s y s t e m s , 
s t u d i e s  s h o u l d  b e  c o n t i n u e d  on  t h e  l o n g  r a n g e  f u t u r e  s u i t a b i l i t y  o f  t h e  b a n d
1 1 .7  t o  1 2 .7  GHz f o r  w id e  R F -b an d  HDTV w i t h o u t  p r e j u d i c e  t o  t h e  e x i s t i n g  P l a n s  
i n  t h i s  b a n d . "

(b) f o r  s a t e l l i t e  s o u n d  b r o a d c a s t i n g  f o r  p o r t a b l e  a n d  v e h i c l e  r e c e i v e r s  i n  t h e  
f r e q u e n c y  r a n g e  0 . 5  t o  3 GHz:

- im p a c t  o f  c h o i c e  o f  f r e q u e n c y  o f  o p e r a t i o n  o n  s y s t e m  p a r a m e t e r s ;

- q u a l i t y  o f  s e r v i c e ;

- m o d u l a t i o n ;

- e m i s s i o n  f o r m a t ,  m u l t i p l e x i n g  a n d  c h a n n e l  c o d i n g ;

- c h a n n e l  b a n d w id th ;

- u s e  o f  d i f f e r e n t  s a t e l l i t e  o r b i t s ;

- s a t e l l i t e  p ow er  r e q u i r e m e n t s ;

- p r o p a g a t i o n  c h a r a c t e r i s t i c s ;

- c h a r a c t e r i s t i c s  o f  r e c e i v e  a n d  t r a n s m i t  a n t e n n a s ;

- t o t a l  s p e c t r u m  r e q u i r e m e n t ;

- f e e d e r  l i n k  s p e c t r u m  r e q u i r e m e n t ;

D. 93



676 D. 93

t h e  t e c h n i c a l  a s p e c t s  o f  s h a r i n g  b e tw e e n  s e r v i c e s  w i t h  s p e c i a l  c o n ­
s i d e r a t i o n  t o  g e o g r a p h i c a l  s h a r i n g  ( i n t e r - ,  i n t r a -  a n d  i n t e r r e g i o n a l  
s h a r i n g ) .

F u r t h e r m o r e ,  t h e  i m p l i c a t i o n s  o f  a  s a t e l l i t e  so u n d  b r o a d c a s t i n g  s y s te m  
au g m e n te d  b y  t e r r e s t r i a l  r e b r o a d c a s t  t r a n s m i s s i o n s  s h o u l d  b e  s t u d i e d .
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