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(Booklet 3)
8 October 1963

E.A.R.C. TO ALLOCATE FREQUENCY BANDS FOR SPACE RADIOCOMMUNICATION PURPOSES -  GENEVA

CQI IIII'TEES 4 and 5

REPORT 2 W ' )

ESTIMATION OF TROPOSPHERIC WAVE TRANSMISSION LOSS

(Geneva, 1963)

1. Introduction

Study Programmes 185A(V), 1B$B(V) and 190(V) state requirements 
for radio propagation data and their analysis for frequencies from 40 Mc/s 
to at least 20 Gc/s for use in the planning of radio-relay systems and in 
the determination of the possibilities of frequency sharing between radio­
relay systems, including space and terrestrial telecommunication systems.
Much of these data have been obtained in the past and is presently being 
furnished in response to the request of the Director, C.C.I.R. in A/C 63. 
Various Administrations have suggested methods for the estimation of trans­
mission loss, both within and beyond the horizon over a wide range of 
frequencies and for various climates

An International Working Group has been established to continue 
the work of collecting and analysing data in accordance with Resolution 2. 
This preliminary Report summarizes data available at present in the frequency 
range 40 Mc/s to 10 Gc/s, supplied by a number of Administrations. It 
gives provisional procedures for the estimation of tropospheric wave trans­
mission loss and its variability for a variety of climates.

Certain Administrations have agreed that the procedure described 
in i 2 is useful for the prediction of tropospheric transmission loss : 
one of the references / 1 contains an account of a comprehensive and 
detailed method of computation on which this procedure is based. Another 
method is described in § 3. Unanimous agreement has not been obtained on 
the best methods to use in all circumstances, and it is clear that more 
work remains to be done to enable the International Working Group to arrive 
at a more complete report.

* This Report was unanimously approved.



It is desirable that the various Adninistrations interested in 
this problem should make comparisons between their own experimental data 
and the prediction methods mentioned in this Report, and eventually with 
any other methods, and that they should present their conclusions to the 
International Working Group through the Director, C.C.I.R., prior to the 
Xlth General Assembly.

Wo existing method can provide accurate predictions in all circum­
stances, and for specific point-to-point paths, errors as much as several 
tens of decibels can exceptionally occur in the estimation of the trans­
mission loss not exceeded for 0.1 and 0.01$ of the tine (the very high field 
strengths). However, it must be pointed out that measurements must be made 
over a very long period of time if substantially better empirical predictions 
are to be provided.

Free snace -propagation

Recommendation 241 and Report 112 of the C.C.I.R. (1959), relate
available power P, from the receiving antenna, total radiated power P , the
transmission loss L, the basic transmission loss L and the path antenna gain
G as follows :P

P = P - L (la)r
= L + Gp (lb)

The attenuation relative to free space, A, is defined as :

A = (2)

Lbf = 32.446 + 20 log fM / + 20 log (3)*

where L, „ is the basic transmission loss in free space, and r is the
straight-line distance between antennae.

For links between earth stations and spacecraft, it is important
to know the attenuation relative to free space A(p) between the earth station
and space station as a function of time availability p, range r , frequency 
f, and the elevation angle ; the example, shorn in Fig. 1, was drawn for 
a =0,3 radians and for an atmosphere in which the earth temperature is 20°C, 
tSe pressure is 760 nm of mercury, and the water vapour density is 7.6 g/kg 
with a total rainfall of 1 meter per year.

* Equation such as (3) may conveniently be expressed in nomogram form, 
see Fig. 16.



In free space, ignoring absorption the calculated transmission loss
is:

L  =  L h f  -  G t ^ )  -  G r  ( * )  d b ,  ( 4 )

where and G (£) are free space transmitting and receiving antenna
power gains in a direction £ for the same polarization,

2,2 Effects of the ground

For a smooth, perfectly conducting surface, the attenuation 
relative to free space is

A =-6-10 log sin^ ( n A r/ K )db, (5)

where A is the radio wavelength and A r = rq + T 2 - r0 is the difference 
between direct and ground-reflected ray paths shown on Fig. 2. An effective 
earth’s radius, "a" ratherfthan the actual earth’s radius was used to allow 
for average refraction of radio rays in Fig, 2. Fig. 3 shows "a” versus 
Hs = (n» - X) x 10°, where ns is the radio refractive index of the 
atmosphere at the earth's surface.

For small grazing angles, ¥ , and with antennae hq and h-2 (km) 
above the earhh where rays rq and r2 make equal angles of incidence and 
reflection,

A r ^  2 h ^ / d .  (6)

where h^ and hj> are the antenna heights above a plane tangent to the earth 
at the point of reflection.

For equal antenna heights over a spherical earth of effective
radius a :

A  r = d (sec ¥ - l). (7)

The greatest distance d = dQ for which A = 0 nay be obtained 
graphically from the relation

2h^/do - hjdgtea) + <P/(8a2) = x/6 (8)

as determined from the condition that the sum of the direct and ground- 
reflected waves shall be equal to the free space field.
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Let $ ̂  represent the angle of elevation of the direct ray r^ 
relative to th^ horizontal at the lower antenna, h^, assume that <-
h ^ t h^<<9a$' /2, and that ^ is snail. Then,

A r --2 h^-sin'T#h^ [ A  I  + ^/(Jo.) + * h] , (9)

where ^ nay b® dither positive or negative. For $  - 0, d ^2h_/(3Y). h n i l
A propagation path with a single isolated terrain feature which is 

the horizon for both terminals may often bo considered as having a single 
diffracting knife edge between the terminals as illustrated in Fig. 4, from 
which the diffraction attenuation relative to froo space, A(v) nay be 
obtained, either for lin-of-sight paths (v<0), or for transhorizon paths 
(v X)).

• An approximate formula for determining diffraction attenuation 
relative to free space,' A, ever a smooth earth for horizontal polarization 
-isr ‘

A = G(x ) - F(x ) - F(x 2) - 20.67 db.- (10)

The functions G(x ) and F(x . ) and an auxiliary function a(;u ) arc 
plotted in Fig. 5? ’ . ’

x = dB , x, = dT.B , x0 = d B , B = 1.607 f 1'  '3 0. (ll).o o7 1 Lt o7 2 Lr o. t  0
Co = (3497/a)1'3,

where h, and d, ^ z/2 h are distances from each antenna to its, Lt ,, tc Lr v resmooth earth radio horizon. The error in A will he loss than 1 db if

xQ - *i A (s^) - x2 aU 2) >320 kn. (12)

This assumes that terms beyond the second in the residue scries nay be 
neglected, and that the second tern is much less than the first.

Just beyond the radio horizon of a transmitter, the dominant 
propagation mechanism for more than half the time is usually diffraction, 
hell beyond the horizon, the dominant mechanism is usually forward scatter, 
especially during tines of day and seasons of the year when strong ducts 
and elevated layers aro rare.



2.3 Forward scatter

The long-term median basic transmission loss (i.e. the 
transmission loss between isotropic antcnnao)duc to forward scatter is 
approximately:

(50) = 30 log f - 20 log d + F (&d), (13)

whore F (&d) versus the product & d is shown in Fig, 6a and 6b for the 
following climates:

1. Continental temperate (data from Franco, F0G-,R., and U.S.A.)

2. Maritime temperate, overland (data from U.K. and Japan)

3. Maritime temperate, oversea (data from U.K. and Japan)

4. Maritime sub-tropical, overland (data from. Most Coast of
Africa)

5. Maritime sub-tropical, oversea (data from West, Coast of Africa)

6. Desert (Sahara)

7. Equatorial (data from Congo and Ivory Coast)

8. Continental sub-tropical (Sudan)

The angular distance, -O', .is the angle between radio horizon
rays in the groat circle plane containing tho antennae and d is the distance 
in kilometers between antennae,, [_

2.4 Transmission loss variability

The performance of a radio service and the feasibility of 
frequency sharing between services depend on signal-to-noiso and signal-to- 
in‘6erforencc ratios. As a general rule, adequate dc-rvicc over a radio path 
requires protection against noise when propagation conditions aro poor, and 
requires protection against interference from co—channel or adjacent channel 
signals when propagation conditions are good. Mote that minimum acceptablo
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ratios depend on the particular typos of fading exhibited by wanted and 
unwanted signals and noise, as well as upon the demodulation and coding 
schemes used. These ratios do not vary in time unless the type of fading 
changes. Available ratios, on the other hand, depend upon the strength 
of available signals and noise, and do vary in timo. Consequently, a 
distinction is made between the rapid "phase interference fading" associated 
with multi-path phenomena and the slow diurnal and seasonal Changes, or 
"long-term power fading" associated with changes in average refraction, 
turbulence, or stratification in the atmosphere.

It is convenient to divide the instantaneous envelope power 
expressed in db® into two additive components, one associated with phase 
interference fading and one associated with long-term power fading. This 
Report deals onljr with long-term hourly median transmission losses and 
their variability with time throughout a year.

In order to estimate P(p), the value of P exceeded p percent 
of the time, or L(p), the value of L exceeded (lOO-p) percent of the time, 
an "effective distance", d , is defined as a function of the propagation 
path length,'d, effective antenna heights and h above the foreground 
terrain, and the radio frequency f. in Mc/s4

Por dso 5  dsi ^  dsi = esdoo/f)1/3,

%  = 150/ g i  + (dsl - dso)/aJ  km (14)

For d >  d _, . so slf

d = 130 + d - d km, e so si 1

where d = d - J  18000 h, 18000 b is the smooth earth distance .so re re
between radio horizons, and d approximates the distance between horizons
when diffraction and forward scatter fields are equal. In this Report, 
heights and distances are in kilometers, and angles Are in radians. P(jp) 
and the corresponding transmission lossL(p) are referred to long-term 
median values P(50)' and l (50)j
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Thus:

P(p) = P(50) + y(p) dWf (15a)

or

L(p) = L<50) - y(p) db 

y(p) = yQ(p>dG) e(pjf)

(l5b)

(16)
where empirical estimates of the factor g are shown in Fig* J and o.f y in 
Figs. 8 to 15 for the various climates.

An estimate of the standard error of prediction for any given 
percentage of the tine is given "by the formula:

The method summarized here was developed following professional 
experience acquired during the construction of a number of radio~rela.y systems, 
both line-of-sight and trans-horizon.

An attempt has been made to reduce the calculations to a minimum 
and to use the results of experiments wherever possible.

For convenience, there arc 4 separate zones:

- Free spacej

- Zone of interference$

db

Summary of an alternative method / " * z j  Z~5_J7

(17)

Diffraction zone a) from a ridgo and b) fron the curvature of 
the ee,rth:

- "Scatter"zone$

For the first three parts a series cf monograms is used /_
an example of which is given in Fig. 16.

For the fourth part, the procedure is as follows;



3.1 Method used in the "scatter-1 zone
The object of the calculation is to determine the loss not exceeded 

in 99$ of the time in the worst month of the year: other theoretical and
experimental considerations make it possible to estimate values of the 
loss not exceeded for at least 50$, 10$, 1$ etc. of the time. The accuracy 
of the calculations generally diminishes with the percentage.

Having determined the equivalent distance* by a study of the profile 
of the path traced for an earth radius of 8500 km, reference is made to the 
curves in Fig. 17 prepared for a frequency of 1 Gc/s for different climates.
The loss between isotropic antennae is thus obtained for the climate considered.

For any frequency between 200 and 4000 Mc/s, the correction read on 
Fig. 18 is added to the preceding loss. In this way, the loss not exceeded 
for 99$ of the time is obtained for the frequency and climate chosen.

If 'it is required to know this loss for any percentage of the 
time, the standard deviation is obtained from Fig, 19 and a log-normal law 
is taken to represent the monthly distribution of slow variations.

For interference, it may be interesting to know the month during 
which the smallest loss (high field) occurs. The difference between the 
worst month and the best month may be found experimentally for 99$ levels 
and for different climates; however, details of this procedure are not given 
here. The loss not exceeded during any percentage of the best month is 
calculated from the standard deviation as above.

Note 1; When a system has to be planned by calculation for a climate not 
listed here, the worst month of the year is ascertained by radiometeorology 
based on the study of a function M of two parameters: equivalent gradient
and stability. These parameters and this function can easily be calculated 
from nomograms & J -  For engineering a system, confirmatory tests are 
confined to the worst month of the year; for interference studies such tests 
are made, during the best month.

If it is impossible to make tesjs, a known climate is taken as a 
reference and AM is added, representing the difference between the reference 
climate and the climate for which the project is intended.

Note 2: The method described here is specifically directed to those
C.C.I.R. requirements, which pay special attention to the weak fields during 
the worst month of the year (calculation of systems), and hxgh fields 
(assessment of nterference).

Here, equivalent distance is defined as the angular distance,$ , times 
the effective radius of the earth.
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Thermal noise in line-of-sight systems

In the overall estimation of the performance of line-of-sight 
radio-relay systems it is important to take into account the effects of 
thermal noise. This problem has been discussed in Doc. 196 (U.S.S.R.) of 
Geneva, 1963, and will be considered further by the International Working 
Group in the preparation of its final report.

Conclusions

The proper use of simple prediction methods such as those out­
lined in this summary requires an appreciation of their limitations and
of the advantages of more elaborate methods. The aim of the International 
Working Group will be to produce a comprehensive report which shows:

- How to allow for incompatible transmitting and receiving antenna 
polarizations in free space propagation;

- How to estimate temporal, spatical, and regional changes in 
microwave absorption by oxygen, water vapour, rain, and clouds 
under a variety of conditions in the frequency range 0.1 - 100 Gc/s;

- How to compute an effective ground reflection coefficient which
depends on the conductivity, permittivity, roughness, and curvature
of the reflecting surface, as well as upon the ratio of the products 
of antenna voltage gain patterns in the directions of direct and 
reflected ray paths;

- How to calculate Fresnel zones and what they are used for;

- How to allow for ground reflection effects and phase changes at 
a knife edge for single knife-edge diffraction;

- How to proceed continuously from the low attenuation rates 
characteristic of this typo of diffraction to the opposite extreme 
of the high attenuation rates experienced just beyond a smooth 
earth horizon;

- How to estimate path antenna gain and to allow for path asymmetry, 
frequency gain, and non-standard refraction in estimating trans­
mission loss due to forward scatter.



In addition, methods for estimating the reliability of the 
detailed point-to-point prediction methods and for calculating the-service 
probability for noise-limited service will be examined.
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FIG. 2

RELATIONS GEQMETRlyUES FOUR LES TRAJETS DE PROPAGATION EM-DECA DK L*HORIZON
GEOMETRY FOR WITHIN-THE-HORIZON PATHS

GEOMETRIA DE LOS TRAYKCTOS A DISTANCIAS INFERIORES A LA PEL HORIZONTE
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• VARIATION m  RAYON TERRESTRE APPARENT, a. EN FONCTION DE 

EFFECTIVE EARTH'S RADIUS, a. VERSUS SURFACE REFRACTIVITY. Ns

RADIO EFECT1V0 D£ LA TIERRA. a. EN RJNC10N DE U\ REFRACT IVI DAD DE LA SUPERFIC1E. Nc



PAGE INTENTIONALLY LEFT BLANK

PAGE LAISSEE EN BLANC INTENTIONNELLEMENT



FIG. 4

■ DIFFRACTION SUR UNE LAME DE COUTEAU 

AFFAIBLISSECT DE TRANSMISSION PAR RAPPORT A L'ESPACE LIBRE

KNIFE-EDGE DIFFRACTION 

TRANSMISSION LOSS RELATIVE TO FREE SPACE

DIFRACCI&N EN UNA ARISTA AGUDA 

PERDIOA DE TRANSMISION CON RESPECTO AL VALOR EN El ESPACIO LIBRE
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d en km
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d in kilometers 

For various climates as indicated by
numbers on the curves
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FIG. 6a
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FIG. 6b
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Frequences, MHz -  Frequency in Mc/s -  Frecuencia en Mc/s

FI6. 7
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VARIATION SB L *AFFAIBLISSEMSHT DE TRANSMISSION 
TRANSMISSION LOSS VARIABILITY 

VARIABILIDAD DE LA F^RDSDA DE TKAM5MISI6h
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Distance equivalente - Effective distance - distancia equivalente
FIG. 9

v a r i a t i o n de i^FFAiBLissai«T de transmi ssion
TRANSMISSION LOSo VARLiBILOT

VARlABILIOAP BE hk PEKDIOA DE TiiAĵ SiilSION
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PIG. IP
VARIATION DE L*APFAIBLISSEMENT DE TRANSMISSION 

TRANSMISSION LOSS VARIABILITY 
VARIABILIDAD BE LA PERDIDA EE TRANSMISION
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Distance Equivalente - Effective distance - Distancia equivalente
FIG« 13

VARIATION DE L *AFFAIBLISSEMSNT DE TRANSMISSION
TRANSMISSION LOSS VARIABILITY 

VARIABILIDAD DE LA FjjiRDIPA DE TRANSMISI6N
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P & . J A
VARIATION DE L1APFAIBLISSEMENT DE TRANSMISSION 

TRANSMISSION LOSS VARIABILITY
VARIABILIDAD DE LA P&tDIDA DE TRANSMISldN
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Distance Equivalente - Effective distance - Distancia equivalente

FISaJLS.
VARIATION DE L’AFFAIBLISSEMENT DE TRANSMISSION

TRANSMISSION LOSS VARIABILITY 
VARIABILIDAD DE LA rfHDIDA DE TRASSMISi6n
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Corrigendum No. 2 to 
Document No. ,1-E 
18 October, 1963 
Original: French 

English

E.A.R.C. TO ALLOCATE FREQUENCY BANDS FOR SPACE RADIOCOMMUNICATION PURPOSES GENEVA - 1963

PLENARY MEETING

EECOMMDATIONS, RESOLUTIONS AND REPORTS 
ADOPTED BY THE Xth PLENARY ASSES/SLY 

OF THE C.C.I.R.

Page 5, lino 3, read Resolution 2 instead of Opinion 2

Pago 3. after Report 243

add s Report 244 - Estimation of tropospheric-wave. Addendum
tranmission loss

Page 5, line 9, read Resolution 6 instead of Opinion 6
4 -4"Page 39 - Recommendation 364, Para# (i), lino 3, replace "1 x 10 " byHl x 10

Page 57 - Report 205, Table I - re-place "Factor by which the attenuation in 
db is greater than that for a vertical path" by "Factor, by which
the attenuation (in db) for a vertical path, must bo multiplied"

Page 106, line 11 from the bottom, read 4000 Mc/s instead of 6000 Mc/s
line 12 from the bottom, read 6000 Mc/s instead of 4000 Mc/s

Page 3061 lino 13,

road : "UNANIMOUSLY RESOLVES"

Page 313, line 15,

read : "UNANIMOUSLY RESOLVES"
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PLENARY MEETING

Booklet 3. page 370. para. 1.4 : 

Replace 0.1$ by 0.01$.
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PLENARY MEETING.

RECOMMENDATIONS, RESOLUTIONS AND REPORTS 
ADOPTED BY THE Xth PLENARY ASSEMBLY 

OF THE C.C.I.R.

I have the honour to submit to the Conference the attached texts 
of Recommendations, Resolutions and Reports relating to radiocommunication 
with and between space'vehicles, adopted by the Xth Plenary Assembly of the 
C.C.I.R., Geneva, 1963.

Gerald C. GROSS 
Secretary General
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I . . . General

RECOMMENDATION 259

SELECT 1OM OF FREQUENCIES USED IN TELECOMMUNICATION WITH 

AND BETWEEN ARTIFICIAL EARTH SATELLITES AND OTHER SPACECRAFT 

(Questions No. 168 and 169)

(Los Angeles, 1959 )

The C .C .I .R . ,

CONSIDERING

a) th a t  transmission of radio s ignals between the earth.and a r t i f i c i a l  earth s a te l l i t e s  and other 
spacecraft is  now an established f a c t ;

b) tha t such e x t ra te r re s t r ia !  objects may well be consecutively above d i f fe re n t  countries of the 
world, thus necessita ting in te rna t iona l  c o l la b o ra t io n ;

c )  tha t radiocommunication between e x t ra te r re s t r ia l  objects and the earth and among ex tra ­
te r r e s t r ia l  objects w i l l  be of importance;

d) tha t such radiocommunication w i l l  be affected by the t e r r e s t r ia l  troposphere and ionosphere, 
and by io n iz a t io n ,  radio-frequency noise, and man-made in terference in space, as well as by 
re la t iv e  v e lo c i t ie s  ;

e )  tha t the study of the e ffec ts  of the ionosphere on such communications may be f a c i l i t a te d  by 
comparison of HF s ignals with VHF or UHF s ignals since the ionospheric e f fec ts  are larger
on the lower frequenc ies;

f ) tha t while frequencies fo r  communication with objects in  e x t ra te r re s t r ia l  space are being 
selected at present on the basis o f p a r t ic u la r  communication requirements and technological 
c a p a b i l i t i e s ,  the in e v i ta b le  increase in  th is  type of communication is  l i k e l y  to lead to a chaotic 
s i tu a t io n  In the radio spectrum;

g )  tha t no provis ion fo r  such communication was made in the Table of Frequency A lloca tions 
(A t1 an t ic  C ity ) ;

h )  tha t Report 205 presents a treatment of the technical fac to rs  a ffec t ing  the selection of 
frequencies fo r  telecommunication with and between spacecra ft;

UNANIMOUSLY RECOMMENDS

1. tha t consideration be given to the provis ion of a number of small frequency-bands well 
spaced throughout the HF and higher bands fo r  telecommunication services with and 
between sp a ce c ra f t ;

2 .  tha t fo r  services invo lv ing communication among spacecraft in in te rp lane ta ry  space, 
add it iona l consideration be given to the use of frequencies which do not s ig n i f ic a n t ly  
penetrate the t e r r e s t r ia l  ionosphere or troposphere (roughly below 1 Mc/s or above 50 Gc/s 
respect ive ly  );
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3. tha t special and p a r t ic u la r  consideration be given to the provis ion of at least two narrow
frequency bands between 19 and 54 Mc/s to permit study of the e f fec ts  of the ionosphere
on communications passing through i t ;

4. tha t in  determining the widths of a l located bands p a r t ic u la r  account be taken of Doppler
s h i f t s  in  frequency associated with high re la t iv e  v e lo c i t ie s .  .

Note by the Secretar ia t : This Recommendation, prepared by the IXth Plenary Assembly, Los Angeles, 
1959, was destined fo r  the Ordinary Admin is tra tive Radio Conference, Geneva, 1959: The Xth 
Plenary Assembly, Geneva, 1963, however, decided to maintain the te x t ,  and i t  has been brought 
to the a tten t ion  of the Extraordinary Admin is tra tive  Radio Conference, Geneva, 1963 .



R E C O M M E N D A T I O N  3 5 0 *

IDENTIFICATION OF RADIO EMISSIONS FROM SPACECRAFT

(Question 208 ) (G eneva , 1963 )

The C .C .I.R . ,

CONSIDERING

a) tha t s a te l l i t e s  may be id e n t i f ie d  by visual observation, ephemeris (accurate pred ic t ion  of physical 
lo c a t io n ) ,  the i d e n t i f i e r  or cha ra c te r is t ic s  o f the re f lec ted  or repeated earth s ta t ion  s igna l,  
and/or the c h a ra c te r is t ic s  of the s a t e l l i t e  transmitted signal ;

b) th a t ,  in  the case of spacecraft other than s a te l l i t e s ,  the primary means of id e n t i f i c a t io n  
w i l l  normally be the signal c h a ra c te r is t ic s , augmented by f l i g h t  path data,*

c )  tha t the techniques employed in spacecraft tracking are such that the transmission of 
conventional c a l l  signs is  not normally essential fo r  i d e n t i f i c a t io n  purposes ;

d )  tha t c a l l  signs are not normally required by those using space systems;

e )  tha t A r t i c le  19, No. 737 of the Radio Regulations, Geneva, 1959, s t ipu la tes  tha t a s ta t ion  
shall be id e n t i f ie d  e i th e r  by a ca l l  sign or other recognized means of id e n t i f i c a t io n / th a t  
such- recognized means of id e n t i f i c a t io n  may be one or more of the fo l low ing necessary fo r  
complete i d e n t i f i c a t io n :  name of s ta t io n ,  location of s ta t io n ,  operating agency, o f f i c i a l  
re g is t ra t io n  mark, f l i g h t  i d e n t i f i c a t io n  number, ch a ra c te r is t ic  s igna l,  ch a ra c te r is t ic  of 
emission, or other c le a r ly  d is t ingu ish ing  features recognized i n te r n a t io n a l l y ;

UNANIMOUSLY RECOMMENDS

1. th a t ,  as regards the question of id e n t i f i c a t io n  of radio emissions from spacecraft,
A r t i c le  19, No. 737 o f the Radio Regulations, Geneva, 1959, be considered adequate and 
a p p l ica b le ;

2 . tha t Admin is tra tions be encouraged to exchange to  the maximum extent p rac t icab le  advance 
and current in form ation re la t iv e  to the id e n t i f i c a t io n  of spacecraft (ephemeris and 
signal c h a ra c te r is t ic s ) .

*This Recommendation, which together with Recommendation 351 terminates the study of 
Question 208, has been brought to  the a t ten t ion  of the Extraordinary Adminis trative 
Radio Conference, Geneva, 1963.
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CESSATION OF RADIO EMISSIONS FROM SPACECRAFT 

(Quest!on 208 )

(Geneva, 1963 )

The C.C.I.R.,

CONSIDERING

a) tha t the usable radio frequency spectrum.is a l im i te d  natural resource w ith in  which a l l  
radio services must be s a t i s f ie d ;

b) tha t as regards the need fo r  providing fo r  cessation of radio emissions from spacecraft, 
the primary determination in  the case of each space p ro jec t w i l l  be the l ike l ih o o d  of 
creating harmful in terference to .established te r r e s t r ia l  radio services s well as to 
other space operations;

c )  tha t spacecraft operations may be long- l ived  ;

d) that advances in technique, p a r t ic u la r ly  as regards increased power radiated by space 
s ta t ion  transm itte rs  and improved receiver s e n s i t i v i t y  o f space and te r r e s t r ia l  systems, 
w i l l  progressively enhance the l ike l ihood  of harmful in te rfe rence among spacecraft, inc lud ing  
s a te l l i t e s ,  and between such vehicles and t e r r e s t r ia l  radio se rv ices ;

e) that the adm in is tra t ive procedure f o r  implementing the cessation of emissions from, spacecraft 
is  a matter fo r  the Extraordinary Admin is tra tive Radio Conference, Geneva, 1963, to decide;

UNANIMOUSLY RECOMMENDS

th.-t Administrations assure that spacecraft be capable of ceasing radio emissions. by .the use 
of appropriate devices, e .g .  battery l i f e ,  t im ing devices, ground command, or s im i la r  
devices tha t w i l l  ensure pos it ive  cessation of emission.

R E C O M M E N D A T I O N  3 5 1 *

*This Recommendation, which together with Recommendation 350 terminates the study of Question 
208, has been brought to the a tten t ion  o f the Extraordinary Admin is tra tive Radio Conference, 
Geneva, 1963 .
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2 • Communi cati  on s a te l l i t e s

RECOMMENDATION 352*

ACTIVE COMMUNICATION-SATELLITE SYSTEMS FOR MULTIPLEX TELEPHONY 

AND/OR MONOCHROME TELEVISION

Hypothetical reference c i r c u i t  fo r  In te rcon t inen ta l  systems 

(Question 235 ( IV ))

(Geneva, 1963 )

The C .C .I .R . ,

CONSIDERING

a) tha t i t  is  desirable to estab l ish  a hypothetical reference c i r c u i t  fo r  ac t ive communication-  
s a t e l l i t e  systems to a ffo rd  guidance to designers of equipment and systems fo r  use in 
in te rcon t inen ta l  telephone and te le v is io n  networks;

b) that w ith  various types of ac t ive s a te l l i t e  systems i t  is  possible to arrange th a t  the 
m ajor i ty  of in te rcon t inen ta l  connections may be made with no more than one s a t e l l i t e  l in k  
i f  i t  is  capable of spanning a great c i r c le  distance of at least 75 0 0 km;

c )  th a t ,  to span a great c i r c le  distance of up to 25,000 km, required fo r  a global system,
i t  w i l l  be necessary to connect two, and in a few cases th ree, l in ks  in tandem;

d) tha t the overa l l  performance of each s a te l l i t e  l in k  depends only to a small extent
on the great c i r c le  distance between the earth s ta t io n s ;

e) tha t p rov is ion fo r  te le v is io n  standards conversion in  a hypothetical reference c i r c u i t  
i s undesi rable ;

UNANIMOUSLY RECOMMENDS

1. tha t a basic hypothetica l reference c i r c u i t  fo r  communication s a te l l i t e  systems should 
cons is t of one e a r th -s a te l l i te -e a r th  l in k  (see F ig . l  ) ;

2. th a t  the performance fo r  at least a port ion of in te rcon t inen ta l  connections should take 
account of the need to connect two, and sometimes, three such l inks  in  tandem;

3. tha t th is  c i r c u i t  should include one pa ir  o f modulation and demodulation equipments fo r  
t ra n s la t io n  from the baseband to the radio-frequency c a r r ie r ,  and from the radio-frequency
c a r r ie r  to the baseband re sp e c t ive ly .

* T h i s  R e c o m m e n d a t i o n  h a s  been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e
R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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Liaison intercontinental©
Station de satellite de telecommunication

Intercontinental connection 
Communication-satellite space station

Enlace intercontinental 
Estacidn de sat&lite de comunicaci6n

!
    ------------

Station terrienne Station terrienne
Earth station ' Earth station
Estaci6n terrena Eig, 1 Estaci6n terrena

Circuit fictif de reference elementaire 
Basic hypothetical reference circuit 

Circuito ficticio de referenda elemental.
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ACTIVE C O M  I CAT ION-SATELLITE SYSTEMS 

FOR FREQUENCY DIVISION MULTIPLEX TELEPHONY

Allowable noise power In the basic hypothetical 

reference c i r c u i t  

(Question 235 ( IV ) )

(Geneva, 1963 )

The C .C .I .R . ,

CONSIDERING.

a )  tha t the basic hypothetical reference c i r c u i t  is  intended as a guide f o r  design and construction 
of actual systems ;

b) tha t the costs o f  es tab l ish ing  and maintaining communication-sate ll ite  systems are c r i t i c a l l y  
dependent on the overa l l  s igna l- to -no ise  performance requirements;

c )  tha t the to ta l  noise power in  the basic hypothetical reference c i r c u i t  should not be such as 
would a f fe c t  appreciably conversation in  most telephone ca11s"or the transmission of telephone 
s i g n a l l in g ;

d )  tha t the extent of fading cannot be determined f u l l y  u n t i l  more experimental data are ava i lab le , 
but is  not expected to  be appreciable in  active communication-sate ll ite  systems:

e )  tha t there may be other, sources of noise of short du ra t ion :

UNANIMOUSLY RECOMMENDS

1. th a t  the psophometrically weighted noise power at a point of zero re la t iv e  ievel in any 
telephone c i r c u i t  in the basic hypothetical reference c i r c u i t  as defined in Recommendation 352, 
should not exceed the provis iona l values of 10 000 pW mean in  any hour, and 80 000 pW, one- 
minute mean, fo r  more than 0.2$ of any month**;

2 . tha t the higher noise leve ls tha t may be to le ra ted  fo r  very small percentages of the time 
should be the subject of fu r th e r  s tudy ;

3. tha t the fo l low ing  notes should be regarded as part of the Recommendation:

Note 1: Noise in  the m u lt ip lex  equipments is  excluded from the above.

Note 2: I t  is  assumed tha t noise surges and c l ic k s  from power supply systems and from 
switching apparatus (inc lud ing  switching from s a t e l l i t e  to s a t e l l i t e )  are reduced to 
n e g l ig ib le  proportions and therefore w i l l  not be taken in to  account when ca lcu la t ing  
the noise power.

^RE COMME NDAT I O N 3 5 3 *

* This Recommendation has been brought to the a t ten t ion  of the Extraordinary Adminis trative 
Radio Conference, Geneva, 1963.

**Subject to review in the l ig h t  of experience and te s ts .



Note 3: In applying the basic hypothetical reference c i r c u i t  and the allowable c i r c u i t  noise 
to the design o f s a te l l i t e  and earth s ta t ion  equipment fo r  a given overa l l  s igna l- to -no ise  
performance, the system cha rac te r is t ics  preferred by the C .C .I.R ., as found in i t s  
Recommendations, should be used where appropr ia te : where more than one value is  recommended, 
the designer should ind icate  the value chosen; in  the absence of preferred values, the 
designer should indicate the assumptions used.

Note 4: For frequency d iv is io n  m u l t ip le x ,  i t  w i l l  be assumed th a t ,  during the busy hour, 
the signal can be represented by a uniform-spectrum s ig n a l,  the mean power absolute 
level of which, at a po in t of zero re la t iv e  le v e l ,  is  equal to (-15 +* 10 lo g ^ N )  dbm fo r  
240 channels or more, and (?1 4- 4 lo g ^ N ) *  dbm fo r  numbers of channels between 12 and 240,
N being the number of bothway channels fo r  which the communication-sate ll ite  system is  
to be designed.

Note 5: I t  is  not yet possible to make f i rm  recommendations regarding requirements to be 
met i f  VF telegraphy and data transmission are required over telephone channels in a 
communication-satell ite system.

Note 6: The system should be designed to operate under the noise condit ions spec i f ied , 
inc lud ing periods of adverse propagation condit ions such as those resu l t ing  from 
atmospheric absorption and increased noise temperatures due to r a in .

This value is  provis ional fo r  systems with less than 60 channels.



R E C O MME N D A T I O N  3 5 4 *

ACTIVE COMMUN1CATI ON-SATELLITE SYSTEMS FOR 

MONOCHROME TELEVISION

Video bandwidth and permissible noise in 

the hypothetical reference c i r c u i t  

(Question 235 ( IV ) )

(Geneva, 1963 )

The C .C .I .R . ,

CONSIDERING

a )  tha t the hypothetical reference c i r c u i t  is  intended as a guide to designers and constructors 
of actual systems ;

b ) tha t the costs of es tab l ish ing  and maintaining active communication-sate ll ite  systems are 
c r i t i c a l l y  dependent on the video bandwidth and the overa l l  s igna l- to -no ise  ra t io  to be 
provided and these should, the re fo re , not be greater than is  s t r i c t l y  necessary fo r  
acceptable transm iss ion:

c )  th a t  the to ta l  noise power in  the hypothetical reference c i r c u i t  should not reach a value
that would prevent acceptable transmission of monochrome te le v is io n  s igna ls :

d )  that the s igna l- to -no ise  ra t io  fo r  a s a te l l i t e  in te rcon t inen ta l  c i r c u i t  should be comparable
to or greater than the s igna l- to -no ise  ra t io  objectives specif ied fo r  the continental networks 
to  be interconnected (see Recommendation 421);

e )  tha t the extent of fading cannot be f u l l y  determined u n t i l  more experimental data are ava i lab le , 
but is  not expected to  be appreciable in an active communication-sate ll ite  system:

f )  tha t there may be other sources of short-dura t ion  no ise ;

g )  tha t the same s a t e l l i t e  system may be required to accommodate e i the r  te le v is io n  or large numbers
of telephone channels ;

h )  tha t the video bandwidth and the permissible noise leve ls  in the hypothetical reference c i r c u i t
should accommodate te le v is io n  signals up to and including signals of the 625-l ine standard;

UNANIMOUSLY RECOMMENDS

1. that in  the hypothetica l reference c i r c u i t  fo r  active communication-sate ll ite  systems as
defined in  Recommendation 352, the nominal upper l im i t  of the video bandwidth should be 5 Mc/s
(equivalent noise bandwidth);

*  T h i s  R e c o m m e n d a t i o n  h a s  been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e

R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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2. tha t the ra t io  of signal to weighted-noise fo r  continuous random noise at the end of the
hypothetical reference c i r c u i t ,  defined in Recommendation 352 evaluated in accordance with
Motes 1 and 2 below, should be at least 55 db fo r  99$:of the t im e ;

3. that the question of the higher noise leve ls ,  tha t may occur fo r  less than IS of the t ime,
should be the subject of fu r th e r  study.

Mote 1: The s igna l- to -no ise  ra t io  fo r  continuous random noise is  defined as the ra t io  (db) 
of the peak-to-peak amplitude of the p ic ture s igna l,  excluding synchronizing pulses, to the 
r .m .s .  amplitude of the noise, w ith in  the range between 10 kc./s and the nominal upper 
l im i t  of the video-frequency band f  . The purpose of the lower frequency l im i t  is  to 
enable power supply hum and micraphonic noise to be excluded from p rac t ica l  measurements.

Mote 2; The stated value of s igna l- to -no ise  ra t io  is tha t which shall apply when measured 
with the appropriate low-pass f i l t e r  described in Annex II of Recommendation 421, with 
the appropriate weighting network* described in Annex I I I  of the same Recommendation, and 
with an instrument having an "e f fe c t ive  time constant" or " in teg ra t ing  t im e" , in terms of 
power, o f  1 s .

* I t  is  assumed tha t the weighting used would be appropriate to a te le v is io n  system with a 
video bandwidth of 5 Mc/s, as spec if ied  in Recommendation 421.
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R E C O M M E N D A T I O N  3 5 5 *

ACTIVE COMMUNICAT I ON SATELLITE SYSTEMS

F e a s ib i l i t y  of sharing frequency bands with te r re s t r ia l  

radio services 

(Question 235 ( IV )  and Study Programme 235A ( IV ) )

(Genova, 1963 )

The C .C .I.R . ,

CONSIDERING

a) tha t at the current state o f technological development, active communication s a t e l l i t e  systems 
can most feas ib ly  use frequencies between about 1 Gc/s and about 10 Gc/s;

b )  tha t since these frequencies are in extensive use fo r  t e r r e s t r ia l  radio serv ices, p o s s ib i l i t ie s  
e x is t  fo r  in te rfe rence to and from sta t ions in  te r r e s t r ia l  serv ices, on the one hand, and 
e i th e r  earth or s a te l l i t e  s ta t ions  on the other hand :

c )  th a t  among the means fo r  reducing, to permissible le v e ls ,  in terference between communication- 
s a t e l l i t e  systems and te r r e s t r ia l  radio systems sharing the same frequency bands are :

on the part of s a te l l i t e  s ta t io n s ,  l im i ta t io n  of the power f lu x  per u n i t  area 
and the power f lu x  per u n i t  area per un i t  bandwidth produced at the surface of 
the earth :

on the part of earth s ta t io n s ,  l im i ta t io n  of the distance to te r r e s t r ia l  
t ra n sm it te rs ,  appropriate to the technical c h a ra c te r is t ic s  concerned and to 
propogation fa c to r s ;

on the part o f s ta t ions  in the te r r e s t r ia l  serv ices, l im i ta t io n  of the distance 
to earth s ta t io n s ,  appropriate to the technical cha rac te r is t ics  concerned and to 
propagation fa c to rs ,  together with l im i ta t io n  of the to ta l  emitted power and the 
e f fe c t iv e  radiated power;

d )  tha t active communication s a te l l i t e  systems can best share frequency bands with 1i ne -o f-s i  ght 
rad io -re lay  systems, but that there may be considerable d i f f i c u l t y  in sharing with ce rta in  
other serv ices, invo lv ing  high power t ra n sm it te rs ,  h igh ly  sens it ive  receivers and changing 
areas of coverage ;

UNANIMOUSLY RECOMMENDS

1. tha t i f  communication s a t e l l i t e  systems are to share the frequency bands between 1 Gc/s and 
10 Gc/s with other serv ices, such sharing be considered te chn ica l ly  feas ib le  under the 
prov is ions of Recommendations 356, 357, 358 and 406 in frequency bands a l loca ted  to the f ixed 
service and occupied by l in e -o f - s ig h t  rad io -re lay  systems;

* This Recommendation has been brought to the a t ten t ion  of the Extraordinary Admin istra tive 
Radio Conference, Geneva, 1963.
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2. that questions of sharing with other services and the bases of such sharing should be 
studied f u r t h e r ;

3 . tha t the above be considered as provis ional and subject to review at the Xlth Plenary Assembly 
of the C.C.l .R.
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FREQUENCY BANDS AS LINE-OF-SIGHT RADIO-RE LA. Y SYSTEMS .

Maxi mum allowable values of in terference in a 

telephone channel of a communication-satell ite system 

(Question 235( IV )  and Study Programme 235A(IV))

(Geneva, 1963 )

The C.C.l .R .,

1 CONSIDERING

a )  th a t  i t  may. be necessary fo r  co.mmunication-satelli te systems to share the frequency bands used 
fo r  l in e - o f - s ig h t  rad io - re lay  systems in  the range 1-10 G c/s ;

b ) tha t mutual in te rfe rence would increase the noise in  both types of systems beyond tha t which 
would ex is t  in the absence of frequency shar ing ;

c )  tha t i t  i s  desirable tha t the noise.due to in terference in the telephone channels o f  
communication-sate ll i te  systems due to the transm it te rs  of rad io -re lay  systems should be a 
small f ra c t io n  of the to ta l  noise in  those systems set out in  Recommendation 353;

d )  tha t i t  i s  necessary to specify the maximum allowable in te rfe rence power in a telephone channel 
in order to determine the maximum transm it te r  power and e f fe c t iv e  radiated power of l in e - o f -  
s igh t ra d io - re 1 ay s ta t io n s ,  and in order to determine whether spec i f ic  locations fo r  s a te l l i t e  
earth s ta t ions  and t e r r e s t r ia l  rad io -re lay  s ta t ions  would be s a t is fa c to ry ;

e )  tha t i t  is  u n l ik e ly  that any given radio-frequency channel used by l in e -o f - s ig h t  radio relay 
rece ivers w i l l  be used fo r  transmirsions both from active  communication-sate ll ites and from 
earth s ta t io n s :

UNANIMOUSLY RECOMMENDS

1. tha t communication-sate ll ite  systems sharing frequency bands with rad io -re lay  systems be 
designed in  such a manner tha t the in terference noise power at zero re la t iv e  level in any 
telephone channel of a basic hypothetical reference c i r c u i t  of a communication-sate ll ite  
system caused by the aggregate of the transm itte rs  of rad io - re lay  s ta t ions  conforming to 
to  Recommendation 406 should not exceed:

*  T h i s  R e c o m m e n d a t i o n  h a s  b e e n  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  E x t r a o r d i n a r y  Admi  ni  s t r a t i  ve
R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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1 .1 1000 pli1 psophometrically-weighted mean power in  any hour;

1 .2 1000 plD psophometri cal 1 y-vje 1 ghted one minute mean power fo r  more than 20$ of any month;

1.3 80,000 pll! psophometri cal 1 y-wei ghted one minute mean power fo r  more than 0.02$ of any month;

2. that the fo l low ing  notes should be regarded as part of the Recommendation:

Note 1: Technical means and methods to meet the above ob jective  are discussed in 
Report 209.

Note 2: The above values are understood to be add it ive  to those given in 
Recommendation 353.

Note 3: A i l  f igu res  given are provis ional and subject to rev is ion  in the l ig h t  of 
la te r  experience.

Note 4: Special Study Group C (C .C . l .T .T . 'C .C . l .R . ,  Joint Study Group on c i r c u i t  noise) 
should be asked, through the D irec to r ,  C .C .I.R ., fo r  t h e i r  opinion on th is  Recommendation.
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COMMUNICAT I OH SATELLITE SYSTEMS SHARING FREQUENCY 

BANDS WITH LINE-OF-SIGHT RAD 10-RE LAY SYSTEMS

Maximum allowable values of in terference in 

a telephone channel of a rad io -re lay  system 

(Study Programme 235A ( IV ) )

(Geneva, 1963 )

The C .C .I.R .,

CONSIDERING

a) tha t i t  may be necessary fo r  communication-satell ite systems to share the frequency bands
used fo r  l in e -o f - s ig h t  rad io -re lay  systems in the range 1 to 10 Gc/s;

b ) tha t mutual in terference would increase the noise in both types of system beyond tha t  which
would e x is t  in  the absence of frequency shar ing ;

c )  th a t  i t  is  desirable tha t the noise due to in terference in the telephone channels of ex is t ing  
rad io -re lay  systems from transmitters- o f 'S a te l l i t e s  and earth s ta t ions should be a f ra c t io n  
of the to ta l  noise in those systems such tha t i t  would not be necessary to change the design 
ob jectives f o r  rad io -re lay  systems set out in Recommendation 393;

d) tha t i t  is  necessary to specify the maximum allowable in terference power in  a telephone channel, 
to  determine the maximum power f lu x  which can be allowed at the surface of the earth from 
communication-sate ll ites and to determine whether sp e c i f ic  locations fo r  s a te l l i t e  earth 
s ta t ions  and te r r e s t r ia l  rad io -re lay  s ta t ions would be s a t is fa c to ry ;

e )  tha t  i t  is  u n l ike ly  that any given radio-frequency channel used by l in e -o f - s ig h t  rad io -re lay
systems w i l l  be used f o r  transmissions both from active communication-sate ll ites and from
earth s ta t io n s ;

UNANIMOUSLY RECOMMENDS

I .  tha t communication-sate ll ite  systems which share frequency bands with l in e -o f - s ig h t  rad io -re lay
systems, should be designed in such a manner th a t ,  in any telephone channel o f  a 2500 km 
hypothetica l reference c i r c u i t  f o r  rad io -re lay  systems, the in terference noise power at a point 
o f zero re la t iv e  le v e l ,  caused by the aggregate o f earth sta t ions and the transm it te rs  of 
communication-sate ll ite  systems should not exceed;

1.1 1 000 plV psophometri cal ly-weighted mean value in any hour;

1.2 1000 pill psophometri cal ly-wei ghted one minute mean power fo r  more than 20$ of any month;

R E C O MME N D A T I O N  3 5 7 *

*  T h i s  R e c o m m e n d a t i o n  h a s  been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e
R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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3 50 000 p!H psophometri cal ly-weighted one minute mean power fo r  more than 0.01$ of any month;

tha t the fo l low ing  notes should be regarded as part of the Recommendation:

Note 1: The above values are understood to be add it ive  to those given in Recommendation 393 . 
I t  is  fu r th e r  understood that the in terference noise powers given above w i l l  not be 
concentrated in a s ingle section of a rad io -re lay  system, but w i l l  be d is t r ib u te d  
s t a t i s t i c a l l y  among the sections.

Note. 2\ Technical means required to meet the above ob ject ive  are la id  down in 
Recommendation 358.

Note 3: A l l  f igu res  given are provis ional and subject to rev is ion  in the l ig h t  o f la te r  
experience.

Note 4: Jo int Study Group C (C.C.l .T .T . /C .C . I .R . ) on c i r c u i t  noise should be asked, 
through the D ire c to r ,  C.C.I.R. fo r  th e i r  opinion on th is  Rocommendation.
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R E C O M M E N D A T I O N  3 5 8 i

COMM UN ICA T10 N-SATE L

FREQUENCY BANDS AS LINE-OF-SIGHT RAD 10-RE LAY SYSTEMS

Maximum allowable

at the surface of the earth

TE SYSTEMS SHARING THE SAME

lues of power f lu x  density

produced by communication s a te l l i t e s  

(Question 235 ( IV )  and Study Programme 235A( IV ))

(Geneva, 1963

The C .C .I .R . ,

CONSIDERING

a) th a t :  in  the in te re s ts  o f spectrum economy i t  would be advantageous fo r  communication-satel l i t e  
systems to share the frequency bands used fo r  l in e -o f - s ig h t  rad io -re lay  systems in the range 
1 -  10 Gc/s;

b ) th a t ,  in  the event of such sharing, i t  would be necessary to ensure that the power f lu x  density
set up at the surface o f the Earth by s a t e l l i t e  transmissions should not exceed values that
would cause s ig n i f ic a n t  in te rfe rence to l in e - o f - s ig h t  rad io -re lay  systems;

c )  tha t nevertheless any l im i ta t io n  o f the power f lu x  density set up at the surface of the Earth
should not be such as to place undue re s t r ic t io n s  on the design of communication-sate ll ite  
systems;

d )  tha t .a  Recommendation as to the maximum allowable value of the power f lu x  density tha t could be
set up at the surface of the Earth by communication s a te l l i t e s  may be of value for. the, technical
guidance of the Extraordinary Admin is tra t ive Radio Conference, Geneva, 1963, in  accordance with 
Recommendation No. 36 of the Admin is tra t ive Radio Conference, Geneva, 1959 ;

e ) tha t the maximum allowable value of the f lu x  density w i l l  depend on the modulation
ch a ra c te r is t ic s  of the s a t e l l i t e  system, and a generally applicable value is  required as well as
values applicable to spec i f ic  s a t e l l i t e  systems;

f )  tha t fo r  sate 11i te-communi cati  on systems using wide-deviation frequency modulation a method of 
c a r r ie r  energy dispersal could be employed in  order to reduce the radio frequency power f lu x  
density  measured in any 4 kc/s bandwidth under condit ions of low frequency dev ia t ion due to l ig h t  
loading from multi-channel telephone, or from te le v is io n  s ig n a ls ;

* T h i s  R e c o m m e n d a t i o n  h a s  been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e
R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 963 .
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UNANIMOUSLY RECOMMENDS

1. that frequency sharing between communication-satell ites and l in e -o f - s ig h t  rad io - re lay  systems 
be considered to be feas ib le  under the eondit ions of § 2 or 3 below;

2 .  that fo r  communication-satell ite systems which use wide-deviation frequency modulation, the
power f lu x  density set up at the surface of the Earth by the emissions of a s a te l l i t e  should
not exceed:

2
-130 dblV/m fo r  a l l  angles of a r r i v a l ,

and tha t signals radiated by a s a te l l i t e  should be continuously modulated by a su itab le  waveform 
i f  necessary, so that tho power f lu x  density measured in any 4 kc 's bandwidth p a r t ic u la r l y  during 
periods of l ig h t  loading should not exceed:

2
-149 dbW/m per 4 kc 's  fo r  a l l  angles of a r r iv a l  ;

3. that fo r  communicati o n -s a te l l i te  systems using other types of modulation, the power f lu x  density
set up at the Earth 's surface by the emissions of a s a t e l l i t e ,  measured in any 4 kc/s bandwidth, 
should not exceed:

2
-152 dbH/m per 4 kc/s fo r  a l l  angles of a r r iv a l  ;

4. that the above be provis ional pending fu r th e r  s tudy.*

Since th is  Recommendation is  being made p r io r  to the inception of the communication-sate ll ite  
se rv ice , these provis ional values should be reconsidered by the Xlth Plenary Assembly; of the 
C.C.I.R.
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COMMUNICATION-SATELLITE SYSTEMS 

AVOIDANCE OF INTERFERENCE BETWEEN EARTH STATIONS AND 

TERRESTRIAL RADIO STATIONS SHARING THE SAME FREQUENCY BANDS

Determination of the coordination distance 

(Study Programme 235A ( IV ) )

(Geneva, 1983 )

The C .C .I .R . ,

CONSIDERING

a) tha t where earth s ta t ions  and te r r e s t r ia l  s ta t ions  share the same frequency bands there is  a 
p o s s ib i l i t y  of in te rfe rence both as regards the earth s ta t ion  transmissions in te r fe r in g  with 
reception at te r r e s t r ia l  s ta t io n s ,  and te r r e s t r ia l  s ta t ion  transmissions in te r fe r in g  with 
reception at earth s ta t io n s ;

b) tha t in  order to  avoid such in te rfe rence i t  w i l l  be desirable fo r  the t ransm it t ing  and 
rece iv ing frequencies used by earth s ta t ions  to be co-ordinated with the frequency usage by 
t e r r e s t r ia l  services which might be in a pos i t ion  e i the r  to receive in te rfe rence from earth 
s ta t io n  transmissions or to cause in terference to reception at earth s ta t io n s ;

c )  tha t th is  co-ord ina tion  w i l l  need to be established w ith in an area surrounding the earth 
s ta t io n  and extending to the l im i t s  beyond which the p o s s ib i l i t y  of mutual in te rfe rence  may 
be considered n e g l ig ib le ;

d ) tha t in  some cases th is  area may involve more than one.Administrati on ;

e) tha t such mutual in te rfe rence  w i l l  depend upon several fa c to rs ,  inc lud ing the tra n sm it te r  
powers, antennae gains along the in te rfe rence paths, the nature of the in terven ing te r ra in ,  
and the to le rab le  in te rfe rence  leve ls at the rece ive rs :

f ) tha t the co-ord ina tion  of the preferred reference frequencies fo r  the communication- 
s a t e l l i t e  service with the frequencies used by te r r e s t r ia l  services may sometimes, espec ia l ly  
in  the case of rad io -re lay  systems, a f fe c t  the whole area where such a system is  used:

g) tha t the p o s s ib i l i t y  of in te rfe rence  w i l l  need to be examined in de ta i l  in  each case, taking 
a l l  fa c to rs  in to  account;

R E C O MME N D A T I O N  3 5 9 *

*  T h i s  R e c o m m e n d a t i o n  h a s  b e e n  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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e
R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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h) tha t as a pre lim inary to th is  deta i led examination i t  is  desirable to es tab l ish  a method of 
determining, on the basis of broad assumptions, a co-ord ination distance from the earth 
s ta t io n ,  i . e .  that distance w ith in  which mutual consulta tion between Administrations w i l l  
be required and beyond which the p o s s ib i l i t y  of in terference may be regarded ,-as n e g l ig ib le ;

UNANIMOUSLY RECOMMENDS

1. tha t account be taken of the in te rna t iona l co-ord ination and planning which w i l l  be invo lved, 
i f  communication-satell ite earth s ta t ions are to share frequency bands with te r r e s t r ia l  
s ta t ions  in  nearby countries without undue mutual in te r fe re n ce ;

2. tha t the co-ord ination distance fo r  possible in te rfe rence  to te r r e s t r ia l  radio s ta t ions be 
determined by Administrations planning to estab l ish  earth s ta t ions  on the basis o f :

-  the e f fe c t ive  radiated powers l i k e l y  to be used in various d ire c t io n s  from the
earth s ta t io n ;

-  the maximum antenna gains and rece iver s e n s i t i v i t ie s  l i k e l y  to be used at the 
te r r e s t r ia l  s ta t ions concerned;

3. tha t the co-ord ination distances fo r  possible in terference to earth s ta t io n  reception be 
determined by Administrations planning to es tab l ish  earth s ta t ions  on the basis o f:

-  the expected range of e f fe c t iv e  radiated powers l i k e l y  from te r r e s t r ia l
s ta t ions in the pert inent d i re c t io n s ;

-  the antenna and receiver cha ra c te r is t ic s  l i k e l y  to be used at the earth s ta t ion  
concerned ;

4. tha t the co-ord ination distances in the above cases be determined on the basts o f :

-  the appropriate propagation data fo r  overland and oversea paths given in the 
Reports 243 and 244 ;

-  in terference powers in telephone channels in the baseband of receiv ing systems 
not exceeding the provisional values given in Recommendations 356 and 357;

-  the procedure outl ined in Report 209.
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CRITERIA FOR SELECTION OF PREFERRED REFERENCE 

FREQUENCIES** FOR COMMUNICATION-SATELLITE SYSTEMS 

SHARING FREQUENCY BANDS WITH LINE-OF-SIGHT 

RAD 10—RE LAY SYSTEMS 

(Question 235 ( IV )  and Study Programme 235A ( IV ) )

(Geneva, 1963 )

The C .C .I .R . ,

CONSIDERING

( a )  that communication-sate ll ite  systems are expected to make an important con tr ibu t ion  in  providing 
world-wide and area communication;

( b )  tha t spectrum economy would be enhanced by sharing of frequency bands with te r r e s t r ia l  systems in
the f ixed se rv ices ;

( c )  tha t i t  can be demonstrated th a t ,  under su i tab ly  contro lled  cond it ions , sharing i s  pract icab le  with
t e r r e s t r i a l  l in e -o f - s ig h t  rad io -re lay  systems;

( d )  tha t a number of Independent communication-satell ite systems may be estab l ished, includ ing low- 
capacity as well as h igh-capacity systems;

( e )  tha t the se lect ion  of frequencies fo r  use by communication-satell ite systems requires in te rna t iona l 
agreement so tha t in terference between such systems and with other radio services may be minimized 
and the most e f fe c t iv e  use be made of the ava i lab le  frequency spectrum;

( f )  tha t the preferred reference frequencies i n i t a l l y  adopted w i l l  have a major influence on subsequent
frequency usage ;

( g ) tha t the se lect ion  of preferred reference frequencies depends on the as yet undetermined technical 
cha rac te r is t ies  o f communication-sate ll ite  systems, as well as on the known technical ch a rac te r is t ics  
ot rad io -re lay  systems;

(h) tha t the establishment o f  c r i t e r ia  fo r  seTection o f preferred reference frequencies may be of a s s is t ­
ance to  the fu r th e r  work of the C.C.l „R0, to Administrations concerned and to  the Extraordinary Ad­
m in is t ra t iv e  Radio Conference, Geneva, 1963 ;

UNANIMOUSLY RECOMMENDS

1. tha t the designation of preferred reference frequencies should:

R E C O M M E N D A T I O N  3 6 0 *

* This Recotnmendat 1 on has been brought to the a t ten t ion  of the Extraordinary Adminis trative Radio 
Conference, Geneva. 1963»

** The reference frequency i s  the frequency re la t iv e  to which the sp e c i f ic  frequency or frequencies 
assigned"to a given communication-sate ll ite  system may be specif ied (No. 87 of the Radio Reg- 
u la t i  ons, Geneva, 1959 ).
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1.1 provide scope" fo r  the development and use, as necessary, of various types of communication-satell ite 
system, e .g . ,  using d i f fe re n t  o rb i t s ,  types of s a t e l l i t e s ,  methods of modulation and other technical 
c h a ra c te r is t ic s ;

1.2 allow fo r  m u l t i -s ta t io n  access, thereby enabling several earth s ta t ions  to use a given s a t e l l i t e ;

1.3 minimize in terference between communication-satell ite systems, and between communication-sate ll ite  
systems and l in e -o f - s ig h t  rad io -re lay  systems so as to f a c i l i t a t e  the planning of both types of 
system on a co-ordinated bas is ;

1.4 accommodate the long-term t r a f f i c  requirements forecast fo r  communication-sate ll ite  systems;

2. that the preferred reference frequencies should in te r leave  as e f fe c t iv e ly  as possible with the l in e -  
o f-s ig h t  rad io -re lay  system channel arrangements recognized in the Recommendations of the C .C . I .R . ;

3. that there should be provis ion fo r  high-capacity systems, low-capacity systems and systems u t i l i z i n g  
both large and small earth s ta t io n s ;

4. that the designation of preferred reference frequencies must be determined in the l ig h t  of the de­
cis ions of the Extraordinary Adminis trative Radio Conference to be held in 1963 with regard to the 
frequency bands and d irec t ions  of transmission adopted fo r  the communication-sate l! ite  se rv ice .
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3,

RECOMMENDATION 361*

FREQUENCY REQUIREMENTS OF RADIONAVISATION- 

SATELUTE SYSTEMS 

(Quest!on 242 ( IV ) )

{.Geneva, 1963 )

The C .C .I .R . ,

CONSIDERING

( a )  tha t in  view of the re la t i v e ly  low information rate l i k e l y  to be required and in  the in te re s t  of f r e -  
quency-spectrum conservation, the use of narrow-band techniques appears to be su itab le  fo r  radio­
navigation s a t e l l i t e  systems;

(b): th a t ,  f o r  systems using s a te l l i t e s  which are in motion re la t iv e  to the ea rth ’ s surface , the band­
width requirements 'w i l l  be largely-determined-by the Doppler frequency s h i f t  and the accuracies of 
t ra n sm it te r  and rece ive r  frequenc ies;

( c )  t h a t ,  fo r  systems using s a te l l i t e s  which are esse n t ia l ly  s ta t ionary  r e la t i v e . t o  the ea rth ’ s surface, 
the bandwidth requirements w i l l  be la rge ly  determined by the modulation techniques which may be em­
ployed and accuracies of t ra n sm it te r  and rece iver frequencies;

( d ) th a t  antenna systems of ind iv idua l  radionavigation s a te l l i t e s  should be designed so as to  provide 
maximum pract icab le  coverage of the earth ’ s surface;

( e ) the need to minimize the weight of the equipment in  the s a t e l l i t e ;

( f ) th a t  equipment and techniques are presently ava i lab le ,  or may be ava i lab le  in the near fu tu re ,  at 
frequencies in  the VHF and UHF ranges (bands'8 and 9) up to  about 1000 Mc/s, the lower frequencies 
being more su i tab le  fo r  low a l t i tu d e  systems;

( g ) tha t i t  Is possible in Doppler type systems to reduce erro rs  caused by ionospheric re f ra c t io n  by 
the use of two frequencies well separated from each o ther, and that in  th is  case, system design may 
be s im p l i f ie d  by the use of harmonically re la ted frequencies;

(h )  th a t  fo r  systems based on the p r in c ip le  o f d i r e c t i v i t y ,  the use of narrow beamwidth receiving
antennae is  requ ired ;  tha t I t  i s  desirable to minimize the physical size of such antennae; and
that fo r  a given antenna s ize ,  the d i r e c t i v i t y  and resu lt ing  accuracy increase with frequency;

(i ) that fo r  systems based on the p r in c ip le  of d i r e c t i v i t y ,  a study of desirable antenna size and the
required accuracy ind ica tes  that frequencies above 10 Gc/s should be used; studies to date ind ica te  
tha t the atmospheric absorption due to water vapour and oxygen is  s ig n i f i c a n t l y  less in  the region 
below 20 Gc/s and in  a narrow region near 35 Gc/s;

*  T h i s  R e c o m m e n d a t i o n  h a s  b ee n 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e  R a d i o
C o n f e r e n c e ,  G e n e v e ,  1 9 6 3 ,
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( j  ) that th is  service would require a high degree of rad io  frequency p ro te c t io n ;

( k )  th a t ,  in  the in te res ts  of spectrum economy, i t  i s  desirable and may prove feas ib le  to  accommodate 
maintenance telemetering signals required fo r  rad ionav iga t ion -sa te l11 te systems on the radio f r e ­
quency channels provided fo r  radi onavigation s a te l l i t e s  ;

UNANIMOUSLY ROCOMMENDS

1. tha t fo r  Doppler, time measuring and path d i fference rad io-nav iga tlon  s a t e l l i t e  systems:

1.1 these systems should preferably use narrow band techniques;

1.2 frequencies in  the VHF and UHF ranges (bands 8 and 9 )  a l located fo r  radionavigation systems are 
techn ica l ly  s u i ta b le ;

1.3 frequencies which have not been a l located to radionavigation systems in bands 8 and 9 are also 
considered techn ica l ly  su itable fo r  a l lo ca t io n  to rad ionav lga t ion -sa te111te systems.

1^4 where combination is  fe a s ib le ,  the maintenance telemetering signals fo r  ra d io n a v ig a t io n -s a te l l i te  
systems, be accommodated on frequency channels provided fo r  radionavigation s a t e l l i t e s ;

1 .5 'consideration be given to  the frequency requirements of these systems/ p re fe rab ly  on a protected 
basis, with the provis ion o f several harmonically re la ted  bands fo r  Doppler systems

2. tha t fo r  radio-sextant radionavigation systems frequencies of the order of 35 Gc/s are techn ica l ly  
su i ta b le .  Where lower accuracy is  acceptable, frequencies between 10 and 20 Gc/s may be used.

Note: The question of frequency a l loca t ions  should be sonside'red by the appropriate conference 
: (Extraordinary ..Administrative Radio Conference Geneve, 1963 or o the rs ) .



RECOMMENDATION 362*

FREQUENCIES TECHNICALLY SUITABLE 

FOR METEOROLOGICAL SATELLITES 

(Question 2.43 ( IV )  and Study Programme 243A ( IV ) )

(Geneva, 1263)

The C.C J  .R.,

CONSIDERING

( a )  tha t meteorological s a te l l i t e s  have demonstrated t h e i r  value to mankind;

( b )  that meteorological . .sa te l l i te s  w i l l  soon be operating in  a routine manner as covered in Report 217;

( c )  tha t ce rta in  bands are now al located in te rn a t io n a l ly  to the meteorological aids se rv ice ;

( d )  tha t ce r ta in  of the frequency needs of meteorological sate 11i te s  may be s a t is f ie d  through the use
of the present ly -estab lished meteorological aids a l lo c a t io n s ;

UNANIMOUSLY RECOMMENDS

1. tha t bands 8, 9, and 10 are te chn ica l ly  su itab le  fo r  narrow-band and wide—band meteorological data 
transm iss ion;

. 2. tha t as. meteorological s a te l l i t e s  become more ful 'ly- developed, and taking due account of r e l i a b i l i t y  
requirements and economical' Use of the frequency spectrum, frequencies w ith in  the bands used fo r  
meteorological s a te l l i te s  w i l l  be techn ica l ly  su itab le  fo r  tra-eking, maintenance telemetry and 
telecommand.

3 , tha t frequencies a l located to the rad io loca t ion  service in  bands 10 and 11 are techn ica l ly  su itable 
fo r  use by the p re c ip i ta t io n  detect ion radar and cloud detection radar on board meteorological 
s a t e l l i t e s .

* This Recommendation has been brought to the a tten t ion  o f the Extraordinary Adminis trative 
Radio Conference, Geneva, 1963.
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5. Maintenance telemetering, tracking and telecommand

RECOMMENDATION 363*

PREFERRED FREQUENCY BANDS FOR USE IN MAINTENANCE 

TELEMETERING, TRACKING AND TELECOMMAND OF 

DEVELOPMENTAL AND OPERATIONAL SATELLITES 

(Question 237(IV))

(Geneva, 1963)

The C.C. I .R .,

CONSIDERING

(a) tha t the frequencies techn ica l ly  su itab le  fo r  maintenance te lemetering, track ing  and telecommand of 
developmental and operational rad ionavigation, meteorological and communication s a te l l i t e s  l ie  in the 
range from 100 Mc/s to  TO Gc/s; the lower part of th is  range being generally mote'suitable fo r  lower 
a l t i tu d e  e a r th -s a te l1ites  and the higher part of th is  range being generally more su i tab le  fo r  higher 
a l t i tu d e  e a r th -s a te l1ites*

(b) tha t the in teg ra t ion  of maintenance te lemetering, t rack ing  and telecommand l in ks  w ith data transmission 
and communication systems has many po ten t ia l  advantages such .'as''system s im p l ic i t y ,  e f f i c ie n t  use of 
redundant modules, track ing precis ion and e f f i c ie n t  spectrum u t i l i z a t i o n ;

UNANIMOUSLY RECOMMENDS

1, tha t bands of frequencies be] ow 1 Gc/s, preferably below 600 M c/sy are the. most . technical 1y su itab le  
fo r  maintenance te lemetering, track ing and telecommand of developmental and ..operational s a te l l i t e s ;

2. tha t bands of frequencies between 1 and 10 Gc/s are also te ch n ica l ly  su i tab le  fo r  maintenance te le ­
metering, precis ion track ing systems, tracking and telecommand fo r  high a l t i tu d e  s a te l l i t e s ;  fu r th e r  
th a t ,  because the frequency range is.sq„broad, appropriate bands^ in . the  lower po r t ion , centre port ion 
and upper port ion of th is  region be considered;

* This Recommendation has been brought to  the a tten t ion  of the Extraordinary- Adm in is tra t ive  Radio 
Conference, Geneva, 1963.
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3. tha t bands of frequencies above about 10 Gc/s are techn ica l ly  su itab le  fo r  maintenance telemetering, 
track ing  and telecommand during the re -en try  of s a te l l i t e s  in to  the earth ’ s atmosphere (See Report 222);

h, th a t ,  as systems such as meteorological radionavigation and communication s a te l l i t e s  become more f u l l y  
developed, and taking due account of r e l i a b i l i t y  requirements and economical use of the frequency 
spectrum, frequencies w ith in  the hands used fo r  data transmission or communications be also used fo r  
maintenance te lemetering, track ing  and telecommand, where feas ib le .
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6. Space Research

RECOMMENDATION 364*

TELECOMMUNICATION LINKS FOR NEAR-EARTH 

RESEARCH SATELLITES

Frequencies, bandwidths and in terference c r i t e r i a  

(Questions 236(!V), 237(IV) and Study Programme 205(V I))

(Geneva, 1963)

The C.C. I .R .,

CONSIDERING

(a) that su itab le  operating frequencies, required RF bandwidths, and l im i t in g  in terference c r i t e r i a  fo r  
near-earth s a t e l l i t e  telecommunication l inks  are determined by the technical considerations set fo r th  
in Repcrts 205, 218 and 219;

(b) tha t based on past experience, i t  might be expected tha t from 20 to  30 active research near-earth 
s a te l l i t e s  w i l l  be in o rb i t  simultaneously;

(c) tha t radio frequencies from about 100 Mc/s to  10 Gc/s are su i tab le  fo r  near-earth s a t e l l i t e  te le ­
communication l in k s ,  and that the va r ie ty  of functions and the condit ions under which they must be 
performed div ides th is  region in to  the fo l low ing  su i tab le  regions : 100 to  300 Mc/s, 300 Mc/s to
1 Gc/s, and 1 to 10 Gc/s;

(d) tha t telemetering data l inks  ty p ic a l ly  require RF bandwidths ranging from 10 kc/s to  3 Mc/s per l in k
in the frequency region from 100 Mc/s to 10 Gc/s, with preference fo r  10 kc/s in the lower po rt ion ,
and 3 Mc/s in the upper port ion ; that wideband data and te le v is io n  l in ks  t y p i c a l l y  require RF band­
widths ranging from 50 kc/s t :  20 Mc/s in the frequency region from 100 Mc/s to  10 Gc/s, w ith pre­
ference fo r  50 kc/s in the lower port icn and 20 Mc/s in the upper port ion  of th is  region;

(e) tha t track ing  l inks  t y p ic a l ly  require RF bandwidths ranging from 10 kc/s to  3 Mc/s per l in k  in  the
frequency region from 100 Mc/s to 10 Gc/s w ith preference fo r  10 kc/s in the lower port ion  and 3 Mc/s
in the upper port ion of th is  region;

( f )  tha t ea r th -s ta t ion  te lemetering and tracking receiving system operating noise temperatures, t y p ic a l l y  
range from 30°K above 1 Gc/s to 3000SK at 0.1 Gc/s (equivalent to  -214 dbW per c/s and -194 dbW per 
c /s ) ;

(g) tha t antennae fo r  earth s ta t ions fo r  s a t e l l i t e  communication do net normally u t i l i z e  angles of 
e levation below 5°;

T h i s  R e c o m m e n d a t i o n  has been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e  R a d i o
C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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(h) tha t typ ica l  operating noise temperatures f o r  receivers in space-craft w i l l  be approximately 600°K
(-171 dbW per kc/s) fo r  near-earth research s a te l l i t e s ,  but measures can be taken to protect the
space-craft receiv ing system against in terference approximately 10 db greater than th is  noise leve l ;

( i )  tha t telecommand can normally be s a t is f ie d  by one data l in k  channel per c ra f t  w ith RF bandwidths
ranging from 10 kc/s at 0.1 Gc/s to 500 kc/s at 10 Gc/s; la rge ly  determined by the Doppler s h i f t  of 
1 x 10 af the c a r r ie r  frequency;

( j )  tha t coding techniques and use of narrow beam antennae w i l l  make possible the control of several 
c ra f t  u t i l i z i n g  the same RF telecommand channel;

(k) tha t fo r  some sharing s i tu a t io n s  between near-earth research s a te l l i t e s  and certa in  representative
te r r e s t r ia l  services, separations cf several hundreds of kilometres between the earth terminals can
be required and tha t separations of th is  magnitude are not readily- a t ta inab le  in many parts of the 
world;

(1) tha t sharing among near-earth research s a te l l i t e s  is desirable and feas ib le ;  •

(m) tha t d i f f i c u l t i e s  can be expected when sharing frequencies between near-earth research s a te l l i te s ,  and
other services due to  the technical problems of fu rn ish ing  the required p ro tect ion  against t e r r e s t r ia l  
services;

UNANIMOUSLY RECOMMENDS

1. tha t the 100 to 300 Mc/s region is tech n ica l ly  su itab le  fo r  near-earth research s at e l l i t e s  w ith  each 
s a t e l l i t e  using RF bandwidths varying from 10 to 300 kc/s per l in k ,  fo r  accomplishing te lemetering, 
wideband data, track ing  and telecommand func t ions ;

2. tha t the 300 to 1000 Mc/s region is te ch n ica l ly  su i tab le  fo r  near-earth research s a te l l i t e s  with each
s a t e l l i t e  using RF bandwidths varying from 30 to  500 kc/s per l in k ,  fo r  accomplishing te lemetering,
wideband data, track ing  and telecommand func t ions ;

3. tha t the 1 to  10 Gc/s region is tech n ica l ly  su itab le  fo r  near-earth research s a te l l i t e s  with the 
fo l low ing  requirements :

-  fo r  t rack ing ,  3 Mc/s per l in k ;

-  fo r  te lemetering, from 500 kc/s per l in t- near 1 Gc/s to  3 Mc/s per l in k  near 10 Gc/s;

-  f o r  wideband data l inks  and te le v is io n ,  500 kc/s per l in k  near 1 Gc/s to 20 Mc/s per l in k
near 10 Gc/s; and

-  fo r  telecommand, 100 to 500 kc/s per l in k  to be shared with track ing  where feas ib le ;
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4. tha t consideration be given to  the a v a i la b i l i t y  of coherently re lated frequencies spaced 6$ to 10? of 
the higher frequency fo r  precis ion track ing  systems;

5. that sharing be accomplished to  the maximum extent feas ib le  among near-earth research s a te l l i t e s ;

6. tha t the protection c r i te r io n  fo r  earth receiving s i tes  be established as fo l lows

For frequencies greater than 1 Gc/s, the to ta l  time during which the density of the in te rfe rence, in 
any s ingle and a l l  sets of bands 1 c/s wide is greater than -220 dbW per c /s ,  shall not exceed 0.1?~of 
the time; fo r  frequencies less than 1 Gc/s, the permissible in terference power density may be increased 
at the rate of 20 db per decreasing frequency decade;

7. that the protect ion c r i t e r io n  fo r  receivers in space-craft be established as fo l lows :

The to ta l  time during which the power density of the in te rfe rence, in any s ingle and a l l  sets of bands 
1 kc/s wide is greater than approximately -161 dbU per kc/s, shall not exceed 0.1? of the time;

8. tha t note be taken o f the d i f f i c u l t i e s  to  be expected in sharing between near-earth research s a te l l i t e s  
and s ta t ions in  other services.
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TELECOMMUNICATION LINKS FOR DEEP SPACE RESEARCH 

Frequencies, bandwidths and in terference c r i t e r i a  

(Questions 236( IV), 237(IV) and Study Programme 205(VI)

(Geneva, 1963)

The C .C .I.R .,

CONSIDERING

(a) tha t su i tab le  operating frequencies, required RF bandwidths, and l im i t in g  in terference c r i t e r i a  fo r  
deep space telecommunication l in ks  are determined by the technical considerations set fo r th  in 
Reports 205, 218 and 220;

(b) tha t cosmic noise and man-made noise m i l i ta te  against the use of frequencies, less than 100 Mc/s and 
tha t atmospheric noise and absorption preclude the use of frequencies much.higher than 10 Gc/s;

(c) tha t the prec is ion track ing  required fo r  acceptable guidance of spacecraft to  the moon and the 
planets and fo r  manoeuvres in t h e i r  v i c in i t y  resu lts  in a pr°ference fo r  frequencies between 1 Gc/s 
and 10 Gc/s;

(d) tha t the typ ica l  operating noise temperatures of earth s ta t ion  receivers, operating at frequencies 
greater than 1 Gc/s, w i l l  be 25°K (-215 dblll per c /s) fop most missions w ith design margins of less 
than 6 db; and th a t ,  f o r  reception at frequencies less than 1 Gc/s, the system noise temperature is 
increased by cosmic noise approximately as the inverse of the square of the frequency;

(e) tha t the ty p ic a l  operating noise temperature of a receiver in a spacecraft operating at frequencies 
grea ter than 300 Mc/s w i l l  be 600°K (—201 dbUI per c /s) with design margins of 6 to  10 db; and that 
f o r  reception at frequencies less than 300 Mc/s, the system noise temperature is increased by cosmic 
noise approximately as the inverse of the square of the frequency;

( f )  tha t water vapour in the atmosphere can produce s ig n i f ic a n t  degradation in the q u a l i ty  r,f deep space 
communications, at frequencies higher than 4 Gc/s;

(g) tha t ty p ic a l  deep space systems w i l l  use d i rec t iona l  antennae both on the earth and on the spacecraft 
to  transmit s u f f ic ie n t  in fo rm ation. These antennae w i l l  have a surface prec is ion of between 1 mm 
and 5 mm,, regardless of diameter, so tha t frequencies between 1 and 10 Gc/s w i l l  generally be more 
su i tab le  fo r  e f f i c i e n t  transmission;

(h) tha t Doppler s h i f t s  can be of the order of 1 x 10"^ of the c a r r ie r  frequency;

R E C O M M E N D A T I O N  3 6 5 *

*  T h i s  R e c o m m e n d a t i o n  ha s been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e  R a d i o
C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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( i )  that in te rrup tions  in communications of more than 5 minutes per day could ser ious ly  a f fe c t  the success 
of the mission;

( j )  that real time te le v is io n  from the lunar surface is  p rac t ica l  w ith frame rates, reso lu t ions , and
q u a l i t ie s  comparable to commercial te le v is io n  on earth; tha t photographic facs im ile  from the nearer 
planets is s im i la r l y  p ra c t ic a l ;

(k) that i t  is p rac t ica l  and desirable to e f fe c t  te lemetering, data transmission, and track ing  functions
on the same space-earth l in k ,  and telecommand and track ing  functions on the same earth-space l in k ;

( ] )  that to  e f fe c t  p rec is ion t rack ing , a pa ir  of coherently re lated frequencies with a separation ranging
from 6 to  10? of the higher frequency is required;

(m) that the angular spacings of the moon and the planets are such tha t the same frequency may be used fo r
probes at d i f fe re n t  c e le s t ia l  coordinates, but tha t d i f fe re n t  spacecraft in the v i c in i t y  of the same 
coordinates or in the antenna beamwidth may require d i f fe re n t  frequencies;

(n) that geographical separations which permit sharing between representative t e r r e s t r ia l  services and
deep space research operations are ty p ic a l ly  several hundreds of ki lometres, and may be greater than 
500 km in the absence of te r ra in  sh ie ld ing ; and tha t separations of th is  magnitude are not read i ly  
obtainable in many parts of the world; and tha t the spacecraft are v is ib le  over large areas of the 
g 1 o be;

(o) that considerable d i f f i c u l t i e s  can be expected, when sharing frequencies between deep space research
operations and other operations, due to the technical problems uf fu rn ish ing  the required p ro tect ion  
against both te r r e s t r ia l  and near-earth s a t e l l i t e  transmissions;

(p) tha t although the exp lora t ion of deep space has jus t  begun, ce r ta in  recommendations are possible and
necessary at th is  time;

UNANIMOUSLY RECOMMENDS

h  that frequencies fo r  deep space telecommunications l inks  be located in the frequency band between
100 Mc/s and 10 Gc/s;

1.1 the band between 100 Mc/s and 1 Gc/s is genera l ly  more su itab le  fo r  narrow band te lemetering, track ing ,
and telecommand from launch to intermediate d istances;

1.2 the band between 1 Gc/s and 6 Gc/s is generally more su itab le  fo r  wideband te lemetering, prec is ion
track ing , and telecommand from launch to extreme distances;

1.3 the band between 6 and 10 Gc/s is generally  more su i tab le  fo r  very wideband telemetering and very
precise track ing at various distances;

1.4 special consideration should be given to  the a v a i la b i l i t y  of coherently related frequencies, spaced
at 6 to 10? of the higher frequency, fo r  prec is ion tracking systems;
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2. tha t spectrum space of the order of 2 to 4 Mc/s per l in k  (due account being taken of the dependency
of RF bandwidth on the type of modulation used) is techn ica l ly  su itab le  to permit transmission of
wideband information f o r  lunar f l i g h t s ;

3. tha t spectrum space of the order of 2 to  4 Mc/s per l in k  is techn ica l ly  su itab le  to  permit trans­
mission of wide bandwidths fo r  prec is ion track ing ;

3.1 tha t tracking be time-mult ip lexed with lunar te le v is io n  or planetary facs im ile  where p rac t icab le ;

4. tha t frequencies be shared among deep-space probes with d i f fe re n t  c e le s t ia l  coordinates but generally
not with spacecraft w ith the same ce le s t ia l  coordinates;

5. tha t the pro tect ion  c r i t e r io n  fo r  earth receiving sta t ions be established as fo l lows :

5.1 f o r  frequencies greater than 1 Sc/s, the to ta l  time during which the power density o f the in terference,
in any single and a l l  sets of bauds 1 c/s. wide, is greater than -221 dblf per c/s at the receiver
input term ina ls , of a deep-space earth s ta t io n  shall not exceed 5 min. per day;

5.2 f o r  frequencies less than 1 Gc/s, the permissible in terference power density may be increased at the 
rate of 20 db per decreasing frequency decade;.

6. tha t the protect ion  c r i t e r io n  fo r  spacecraft receivers be established as fo l lows :

6.1 fo r  frequencies greater than 300 Mc/s the to ta l  time during which the power density of the in te r ­
ference, in any s ingle and a l l  sets of bands 1 kc/s wide, is greater than -171 dbil per kc/s at the 
input terminals of the spacecraft receiver shall not exceed 5 min. per day;

6.2 fo r  frequencies less than 300 Mc/s the permissible in terference power density may be increased at the
rate of 20 db per decreasing frequency decade;

7. tha t note be taken of the d i f f i c u l t i e s  to  be expected in sharing frequencies between deep space
research and other serv ices.
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TELECOMMUNICATION LINKS FOR MANNED 

RESEARCH SPACECRAFT

(Questions 236( IV) and 237 (IV))

(Geneva, 1963)

The C .C .I.R .,

CONSIDERING

(a) tha t tho frequencies, bandwidths, and in terference pro tec t ion  c r i t e r ia  fo r  manned research space 
f l i g h t  telecommunication and tracking functions are genera l ly  s im i la r  to  those of unmanned noar-earth 
and deep-space f l i g h t  (Reports 205, 218, 219, 220 and 222 and Recommendations 364, 365 and 367) with 
the special considerations fo l low ing  :

(b) tha t manned space f l i g h t  has periods of launch, earth-escape, mid-course manoeuvres, terminals 
manoeuvres, rendezvous, abort (premature term ination) re -en try  and recovery which are in many respects 
s im i la r  to  unmanned space f l i g h t  but due to safety of l i f e  considerations are much more c r i t i c a l ;

(c) th a t ,  in contrast with unmanned space f l i g h t ,  two-way voice communication is a v i t a l  part of manned 
space f l i g h t  and is required to  aid command and c o n tro l ,  guidance, navigation and other telecommunica­
t io n  funct ions;

(d) tha t manned space f l i g h t  w i l l  continue to  be in the research phase fo r  several years and as such can 
be expected to require the highest telecommunication and track ing r e l i a b i l i t y ,  high data rate in s t ru ­
mentation such as te le v is io n ,  and special telecommunication l inks fo r  emergency purposes;

(e) tha t the presence of man aboard' a spacecraft genera l ly  increases the information transmission per
spacecraft by approximately 25$ and tha t manned space f l i g h t  opor'ations often involve the use of
compound (m ult i-s tage) spacecraft, each part requ ir ing separate telecommunication and t rack ing ;

( f )  tha t typ ica l  telecommunication l inks  used fo r  voice, telecommand, and telemetering require approximately 
100 kc/s per l in k  with l inks required f o r  both d i rec t ions  and fo r  two spacecraft engaged in such near­
proxim ity  operations as rendezvous, and that a need therefore can ex is t  fo r  approximately 500 kc/s of 
bandwidth per mission;

UNANIMOUSLY RECOMMENDS

1. tha t fo r  most communication and track ing  func t ions , manned research space f l i g h t  bo considered the
same as unmanned near-earth and deep-space research f l i g h t  with respect to frequency regions and
interference protection c r i t e r ia ;

R E C O M M E N D A T I O N  3 6 6 *

*  T h i s  R e c o m m e n d a t i o n  has been 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  E x t r a o r d i n a r y  A d m i n i s t r a t i v e  R a d i o
C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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2. tha t frequencies in the HF region below 25 Mc/s are te chn ica l ly  su itab le  fo r  voice communication 
during the near-earth and recovery phases of manned space f l i g h t  to extend the range beyond the normal
l in e -o f - s ig h t  propagation associated w ith  higher frequencies;

3. th a t ,  to accommodate special requirements resu lt ing  from safety of l i f e  considerations, fo r  re l ia b le ,  
l in e -o f - s ig h t ,  two-way telecommunication l inks  having a bandwidth of as much as 500 kc/s per mission, 
the frequency range from about 20 Mc/s through the lower port ion  of band 9 (the frequency range from 
100 to  600 Mc/s being generally most su i tab le ,  but lower frequencies being usable) is tech n ica l ly  
su i tab le ;

4. tha t the p ro tec t ion  c r i t e r io n  fo r  the earth receiving sta t ions be established as fo l low s : fo r  f r e ­
quencies near 600 Mc/s, the to ta l  time during which the power density of the in terference in any s ingle
and a l l  sets of bands 1 kc/s wide is greater than -187 dbW per kc/s at the receiver input terminals of
the earth s ta t io n ,  sha l l  not exceed 0.1$ of the time; " and tha t fo r  frequencies less than 600 Mc/s,
the permissible in terference power density may be increased at the rate of 20 decibels per decreasing 
frequency' decade;

5. tha t the pro tec t ion  c r i t e r io n  fo r  receivers on manned spacecraft be established as fo l lo w s : fo r  f r e ­
quencies greater than 300 Mc/s the to ta l  time during which the power density of the in terference in
any s ingle and a l l  sets of bands 1 kc/s wide is greater than -161 dbl!l per kc/s at the terminals of the 
spacecraft rece iver shall not exceed 0.1$ of the time; and tha t fo r  frequencies less than 300 Mc/s, 
the permissible in te rfe rence power density may -be increased at the rate of 20 decibels per decreasing 
frequency decade;

6. th a t ,  when necessary-for 'emergency purposes, manned space f l i g h t  u t i l i z e  the recognized emergency 
frequencies in accordance with the.Radio Regulations, Geneva, 1959;

7. tha t the above considerations and recommendations apply only to the i n i t i a l  phases of manned space 
f l i g h t  research, and tha t a study be undertaken to determine the possible impact of advanced manned 
space f l i g h t  research missions such as space labora tor ies , cargo fe r r ie s ,  e tc . ,  i t  being quite 
probable tha t such m is s io n s w i11 require world-wide frequency a l loca t ions .
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FREQUENCY BANDS FOR 

RE-ENTRY COMMUNICATIONS 

(Question 239(IV))

(Geneva, 1963)

The C .C.I.R .,

CONSIDERING

(a) tha t spacecraft re-entering the earth 's  atmosphere are enveloped in a se lf- induced plasma;

(b) tha t electromagnetic rad ia tions to  and from the vehic le may s u f fe r  severe a ttenuation and other
detr imental e f fec ts  due to  the existence of the plasma;

( c ) tha t communications with, and tracking; of-, the vehicle may be imperative during the re -en try  phase to 
ensure a successful mission;

(d) tha t the se lect ion  of frequency bands fo r  re -entry  communications and track ing  is d ic ta ted p a r t ly  by 
the parameters of the induced plasma;

(e) tha t the use of such bands requires in te rna t iona l agreement since re -en try  f l i g h t  phases may extend
over one earth o rb i t  or more;

( f )  tha t the only proved so lu t ion  to  the re -en try  communication problem to date involves the use of f r e ­
quencies greater than the c r i t i c a l  frequency of the plasma sheath;

(g) tha t c r i t i c a l  frequencies of the plasma sheath can approach or exceed 10 Gc/s;

(h) tha t frequencies of 10 Gc/s and higher are affected appreciably by the earth 's  atmosphere;

( i )  tha t the bands available at present f o r  space research purposes above 15 Gc/s are te ch n ica l ly  su i tab le
fo r  some re-en try  comuni cat ions;

UNANIMOUSLY RECOMMENDS

tha t both the c r i t i c a l  frequency of the plasma sheath and the atmospheric e f fec ts  be considered in
the se lection of frequencies fo r  re -en try  communications. (See Reports 205 and 222).

R E C O M M E N D A T I O N  3 6 7 *

* This Recommendation has been brought to  the a tten t ion  of the Extraordinary Adm in is tra t ive  Radio 
Conference, Geneva, 1963.
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7. Radioastronomy

RECOMMENDATION 314*

PROTECTION OF FREQUENCIES USED FOR 

RAD 1QASTRONOMICAL MEASUREMENTS

(London, 1953 -  Warsaw, 1956 -  Los Angeles, 1959)

The C.C. LR*,

CONSIDERING

(a) tha t the development of radioastronomy has already led to major technological advances, p a r t ic u la r ly  
in  receiving techniques, and to improved knowledge of fundamental radio noise l im i ta t io n s  of great 
importance to  radiocommunication, and promises-further important re su l ts ;

(b) tha t pro tect ion  from in terference on ce r ta in  frequencies is absolutely essentia l to the advancement 
of radioastronomy and the associated measurements;

(c) th a t ,  fo r  the observation of known spectral l ines , ce r ta in  bands at sp e c i f ic  frequencies are of 
p a r t ic u la r  importance;

(d) tha t account should be taken of the Doppler s h i f ts  of the l ines ,  resu lt ing  from the motion of the 
sources which are in  general receding from the observer;

(e) tha t fo r  other types of radioastrcnomical observations a ce rta in  number of frequency bands are in 
use, the exact pos it ions of which in the spectrum are not of c r i t i c a l  importance;

( f )  tha t the s e n s i t i v i t y  of radioastronomical receiving equipment, which is s t i l l  s tead i ly  improving, 
g re a t ly  exceeds the s e n s i t i v i t y  of communications and radar equipment;

(g) tha t a considerable degree of p ro tect ion  can be achieved by appropriate frequency assignments on a 
national ra ther than an in te rna t iona l basis;

(h) th a t ,  nevertheless, i t  is impracticable to a fford  adequate protect ion without some in te rna t iona l 
agreement;

UNANIMOUSLY RECOMMENDS

1. tha t radioastronomers should be encouraged to choose s i tes  as free as possible from in terfe rence;

2. tha t Administrations should a ffo rd  a l l  p ract icab le  pro tect ion  to  the frequencies used by radio 
astronomers in th e i r  own and neighbouring countr ies;

*  T h i s  R e c o m m e n d a t i o n  r e p l a c e s  R e c o m m e n d a t i o n  1 7 3 ,  has been 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
E x t r a o r d i n a r y  A d m i n i s t r a t i v e  R a d i o  C o n f e r e n c e ,  G e n e v a ,  1 9 6 3 .
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3. tha t p a r t ic u la r  care should be taken to give complete in te rna t iona l p ro tect ion  from interference to
observations of emissions known or thought to occur in the fo l low ing bands :

Line Line frequency (Mc/s) Band to  be protected (Mc/s)

Deuterium 327.4 322-329
Hydrogen 1420.4 1400-1427
OH 1667 1645-1675

4. tha t the bands allocated fo r  standard frequency and time signal emissions at 2.5, 5.0, 10.0 and
20,0 Mc/s should not include anything other than the standard frequency and time signal emissions,
thus perm itt ing t h e i r  use fo r  reception in radioastronomy;

5. tha t consideration be given to  securing adequate in te rna t iona l p ro tec t ion  of a number of narrow
frequency bands throughout the spectrum above 30 Mc/s fo r  the purpose of reception in radioastronomy 
(See Note);

6. tha t Administrations, in seeking to a ffo rd  pro tec t ion  to  p a r t ic u la r  radioastronomical observations,
should take a l l  p rac t ica l  steps to reduce to  the absolute minimum amplitude harmonio rad ia t ions f a l l i n g  
w ith in  the band of the frequencies to be protected f o r  radioastronomy;

Note : Radioastronomers in a number of countries have indicated th e i r  desire to use fo r  th is
purpose one frequency band at each of the fo l low ing approximate pos it ions (not necessari ly in 
harmonic re la t io n )  :

Frequency (Mc/s) Bandwidth (Mc/s)

40 + 0.75

80 + 1.0

160 ±  2.0

640 ±  2.5

2560 ±  5.0

5120 ± 10.0

10240 + 10.0
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1. General

REPORT 204*

TERMS AND DEFINITIONS RELATING TO 

SPACE RADIOCOMMUNICATION 

(Resolutlon 21)

(Geneva, 1963 )

An agreed terminology re la t in g  to space radiocommunication does not at present ex is t  and 
the prac t ice . fo l low ed by d i f fe re n t  countr ies and organizations varies considerably. I t  is  evident 
tha t a consistent and c lea r ly -de f ined  terminology is  essentia l i f  ambiguity and uncerta in ty  are to be 
avoided in the preparation and in te rp re ta t io n  of the documents of the C .C .I .R .**

Recognizing tha t the d e f in i t io n  of spec i f ic  radio services and s ta t ions  is  a function of
I.T .U . Admin is tra t ive  Radio Conferences, i t  is  emphasized tha t the terminology and d e f in i t io n s  con­
tained herein are intended fo r  the guidance of the C.C.I.R. They are not intended to prejudge the 
decisions taken in th is  regard by appropriate Adminis trative Radio Conferences in the fu tu re .  I t  w i l l  
be noted, in some instances, tha t the terminology suggested d i f fe r s  from tha t found in A r t ic le  1 of 
the Radio Regulations, Geneva, 1959..

A. Services, s ta t ions and functions

1. Space service** *

A radiocommunication service between space s ta t ions  and earth s ta t io n s ,  or between space 
s ta t io n s ,  or between earth s ta t io n s ,  when the s ig n a ls : are.relayed by space sta t ions or transmitted by 
re f le c t io n  or by sca tte r ing  from objects in  space (excluding re f le c t io n  or sca tte r ing  from the e a r th 's  
atmosphere).

* This Report, which,was adopted unanimously, has been rought to the a t te n t io n  of the Extraordinary
Admin istra tive Radio Conference, Geneva, 1963

**  The pub l ica t ion  of these term ino log ica l data should fo r th w ith  add a degree of c la r i t y  and pre­
c is ion  to space radio documents. The -Working Group by correspondence set up by Resolution 21, 
w ith in  Study'Group XIV with the assistance of the specialized co llabora tors  of each of the other 
Study Groups, w i l l  be able to arrange those data and keep them up to date in  view- o f1 t h e i r  i n ­
corporation in  the fu tu re  Volume I I  of the "L is t  of essential radio terms and d e f in i t i o n s " .

* * *  This d e f in i t io n  represents a departure from d e f in i t io n s  fo r  the. same or s im i la r  terms in 
A r t i c le  1 of the Radio Regulations, Geneva, 1963.



2. Space s ta t io n * :

A s ta t io n  in the space service, located on an object which is  beyond or intended to go 
beyond the major po rt ion  of the earth 's  atmosphere.

3. Earth s ta t io n * :

A s ta t ion  in the space service)••located e i th e r  on the ea rth 's  surface ( inc lud ing  on board 
a ship or a land veh ic le) or on board an a i r c r a f t .

4. Communi cati on-sate111 te servi co:

A space service fo r  radiocommunication between earth s ta t ions in  which the s ignals are 
relayed by one or more space s ta t io n s ,  or are transmitted by re f le c t io n  or by sca tte r ing  from objects 

‘ in o rb i t  around the earth .

4.1 Communication-satelli te space s ta t io n :

A space s ta t ion  in the communication-sate ll ite  se rv ice .

4 .2 •Communication-satelli te earth s ta t io n :

An earth s ta t ion  in  the communication-sate ll ite  serv ice .

5. ffeteorologi ca l-sate 11i te servi ce:

A space service in which meteorological in formation obtained d i r e c t ly  through instruments 
on board earth s a te l l i t e s  is  transmitted to earth sta t ions from space s ta t ions  on board such s a t e l l i t e s .

5.1 M e teo ro log ica l-sa te l l i te  space s ta t io n :

A space s ta t ion  in the m e te o ro lo g ica l-sa te l l i te  serv ice .

5*2 M e teo ro log ica l-sa te l l i te  earth s ta t io n :

An earth s ta t ion  in  the meteorolog.ical-satefl i te  se rv ice .

6 . Radi onavigati on-sate11i te servi ce:

A space service in  which space s ta t ions  on board earth s a t e l l i t e s  transm it information 
fo r  purposes of nav igat ion .

6.1 Radionavigati on-sate111 te space s ta t i  on:

A space s ta t ion  in the radi onavi gati o n -s a te l l i te  service'.

6.2 R ad ionav iga t ion -sa te l l i te  earth s ta t io n :

An earth s ta t ion  in the ra d io n a v ig a t io n -s a te l l i te  se rv ice .
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*  T h i s  d e f i n i t i i n  r e p r e s e n t s  a d e p a r t u r e  f r o m  d e f i n i t i o n s  f o r  t h e  same o r  s i m i l a r  t e r m s  i n  A r t i c l e  1
o f  t h e  R a d i o  R e g u l a t i o n s ,  G e n e v a ,  1 9 5 9 .



7, Space research serv ice : ...

A space service in  which spacecraft are used fo r  research purposes

7.1 Space research space s ta t io n :

A space s ta t ion  in the space research serv ice .

7.2 Space research earth s ta t io n :

An earth s ta t ion  in  the space research serv ice ,

8• B roadcas t ing -sa te l l i te  se rv ice :

A space service in  which s ignals transmitted by space s ta t io n s ,  o r 'by  re f le c t io n  or by
sca tte r ing  from objects in  o rb i t  around the earth, are intended fo r  d i re c t  reception by the general
p u b l ic .

8.1 B roadcas t ing -sa te l l i te  space s ta t io n :

A space s ta t ion  in  the b roadcas t ing -sa te l l i te  se rv ice .

8.2 B roadcas t ing -sa te l l i te  earth s ta t io n :

An earth s ta t ion  in  the b roadcas t ing -sa te l l i te  se rv ice .

9. T e rres t r ia l  serv ices:

A general term"applied to  any or a l l  radio services as defined in A r t ic le  1 o f theRad io
Regulations, Geneva, 1959* o ther 'than space se rv ices .

10. (Space) te lemetering:

"The use of te lemetering fo r  the transmission from a space s ta t ion  of measurements made in a
spacecraft, inc lud ing those re la t in g  to  the funct ion ing of the spacecraft.

10*1 Maintenance t e 1emetcrlng;

Space te lemetering re la t in g  only to the e le c t r i c a l ,  mechanical and/or environmental cond it io  
of a spacecraft and i t s  equipment. This would include the telemetering of values of such parameters
as fuel supply, pop/er supply vo ltages, rate of battery charop or discharge, signal le ve ls ,  temperature
and pressure tvlthin a spacecraft and s im i la r  data unrelated to the radio service in whiclra space­
c ra f t  i s  designed to operate.

11.i (Space ) telecommand:

The use of radio s igna ls  transmitted to a space s ta t ion  to  i n i t i a t e  or terminate actions 
w ith in  the associated spacecra ft.

12 (Space) t rack ing :

D e t e r m i n a t i o n  o f  t h e  o r b i t ,  p o s i t i o n ,  o r  v e l o c i t y  o f  an o b j e c t  b y  a c o n t i n u o u s  p r o c e s s  o f
r a d i o d e t e r m i n a t i o n .
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B. Terms re la t ing  to o rb i ta l  c h a ra c te r is t ic s  :

13. Orb it :

The path in  space fol lowed'by a s a t e l l i t e .  (Normally, th is  is  a path determined by the 
g rav i ta t io n a l  f i e ld  of a primary body J such as"the e a r th .  To a f i r s t  approximation, a l l  o rb i ts  are 
simple conic sections, i . e . ,  a c i r c le ,  e l l i p s e ,  parabola or hyperbola).

14. C ircu la r  o r b i t :

An o rb i t  in which the distance of the s a t e l l i t e  from the centre of mass of the primary 
body is  constant.

15. E l l i p t i c a l  o r b i t :

A closed o rb i t  in  which the distance of the s a t e l l i t e  from the centre of mass of the 
primary body is  not constant.

16. Equatorial o r b i t :

An o r b i t ,  the plane of which coincides with tha t of the equator of the primary body.

17. Polar o rb i t ;

An o r b i t ,  the plane of which is  orthogonal to the equatoria l plane and thus contains the 
polar axis of the primary body.

18. Inclined o r b i t :

An o rb i t  in  a plane between those of the equator ia l and polar o r b i t s .  The angle of 
in c l in a t io n  is  measured between the plane of the o rb i t  and the equator ia l p lane.

19. Apogee; .

The point of maximum a l t i tu d e  atta ined by a s a t e l l i t e  in  an e l l i p t i c a l  o rb i t  about the
ea rth .

20. Perigee:

The point of mimimum a l t i tu d e  atta ined by a s a t e l l i t e  in  an e l l i p t i c a l  o rb i t  about the
ea r th .  :

21. Random s a t e i l i t e s :

S a te l l i t e s ,  the posit ions of which vary continuously re la t iv e  to other s a te l l i t e s  w ith in 
the same system.

22. Station-keeping s a te l l i t e s :

A s a t e l l i t e " ,  t h e  p o s i t i o n  o f  w h i c h ,  r e l a t i v e  e i t h e r  t o  o t h e r  s a t e l l i t e s  i n  t h e  same s y s t e m
o r  t o  a p o i n t  on e a r t h ,  i s  m a i n t a i n e d  w i t h i n  g i v e n  l i m i t s .
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23. A t t i tu d e -s ta b l l ig a d  s a t e l l i t e :

'A s a t e l l i t e  designed to maintain one or more of i t s  axes in  a spec if ied  d i re c t io n  or 
d i re c t io n s ,  e .g . ,  toward the centre of the earth or toward a fixed pos i t ion  in  space.

24. Synchroncas s a t e l l i t e :

A s a te l l i t e  having an o rb i ta l  period equal to the period of ro ta t io n  of the primary body 
aboot i t s  own a x is .

25. Sub-sychronotts s a t e l l i t e :

A s a t e l l i t e  having an o rb i ta l  period which is  an in teg ra l  f ra c t io n  of the period o f ro­
ta t io n  of the primary body about i t s  own a x is .

26. S tat ionary s a t e l l i t e :

A synchronous s a t e l l i t e  in  a c i r c u la r ,  equatoria l o rb i t  and moving in  the d i rec t ion  of 
the primary body.

C. Ifii seel laneous terms

27. Active (communication) s a t e l l i t e :

A communication s a t e l l i t e  using a radio s ta t ion  on board the s a t e l l i t e .

28. Passive s a t e l l i t e :

A s a t e l l i t e  intended to re lay radi o s ignals by re f le c t io n  or by sca tte r ing  a t the s a t e l l i t e ,  
(This term encompasses ECHO-type ba l loons, o rb i t in g  d ipo les, the moon, e t c . )

29. Deep space:

Space at lunar distances and beyond.

30. S a te l l i t e  system;

A system which provides a space service by means of a co-operating group of one or more 
earth s ta t ions  and one or more associated s a te l l i t e  space s ta t ions  or passive s a t e l l i t e s .

31. Spacecraft:

Any type of space veh ic le ,  inc lud ing earth s a te l l i t e s ,  deep space probes, e tc .  whether 
manned or unmanned.
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REPORT 205*

FACTORS AFFECTING THE SELECTION OF 

FREQUENCIES FOR TELECOM ICAT HNS 

WITH AND BETWEEN SPACE CRAFT 

(Question 239(IV ) ,  Study Programme 191 (V), 204(VI) and 205(V I) )

(Los Angeles, 1959 -  Geneva, 1963)

1. In troduction

The purpose of th is  Report is to summarize the re la t io n sh ip  between frequency and radio 
propagation and other technical fac tors  which influence radiocommunicat ion in space, to  determine a 
basis fo r  the se lect ion  of frequencies fo r  communication between the earth and a spacecraft, or fo r  
communication between spacecraft.

Section 2 considers, in a general manner, the propagation fac to rs  a f fe c t in g  communication 
w ith  spacecraft: § § 3 and 4 apply th is  information to  ty p ic a l  systems of communication with and 
between spacecraft respect ive ly , and to examine the dependence of the s ignal and noise levels o-n f r e ­
quency.

2. Factors a f fec t ing  communication with spacecraft

Rapid advances in the use of spacecraft and expanded demands fo r  communication have in te n s i f ie d  
the requirements fo r  space communications. Usually only modest t ra n sm it te r  powers are ava i lab le  in the 
spacecraft and, there fore , careful, engineering of c i r c u i t s  fo r  spacecraft is necessary, paying p a r t i ­
cu la r  a t ten t ion  to the se lection of radio frequencies. The basis of se lec t ion  of optimum frequencies 
may be: the available s igna l- to -no ise  ra t io  fo r  a given tra n sm it te r  power; the minimum p ro b a b i l i ty  of 
in te rfe rence; or other considerations.

The discussion in th is  section considers, as i t s  f i r s t  ob jec t ive , the way in which propaga­
t io n  e ffec ts  control the signal strength and the noise le v e l .  However, i t  is:recognized tha t the 
s igna l- to -no ise  ra t io  may not be the sole c r i t e r io n  of frequency se lec t ion , and some comments are made 
on re f ra c t io n  e ffec ts  and other fac tors  which may d is tu rb  the character of the signal and cause pro­
blems. in location and track ing .

2.1 Radio "windows"

A l l  communication between the earth and spacecraft must pass through the ea r th ’ s atmosphere, 
including the troposphere and ionosphere. Communication between spacecraft w i l l  usual ly  involve radio 
paths outside the influence of the lower atmosphere of the earth .

The atmosphere is frequency se lec t ive ,  allowing some frequencies to  pass through read i ly  while 
severely attenuating others. A range of frequencies in which waves penetrate the atmosphere read i ly  is 
often ca l led a "window".

* This Report which replaces Report 115, was adopted unanimously. I t  has been brought to  the 
a t ten t ion  of the Extraordinary Adm in is tra t ive  Radio Conference, Geneva, 1963.



Two p r inc ipa l  ranges of frequencies pass read i ly  through the atmosphere _/_ 1  / .  They

are :

the range between ionospheric c r i t i c a l  frequencies and frequencies absorbed by ra in fa l l  
and atmospheric gases (about 10 Mc/s to 20 Gc/s);

the combined v is ia l  and in fra - red  ranges.

  The atmosphere is known to  be p a r t ia l l y  transparent in a th i rd  range, below about 300 kc/s
J/_2_ / .  Waves are propagated through the ionosphere in th is  range by what is sometimes called the 
whistler-mode. Propagation in th is  mode is not yet well understood. Since the bandwidths required 
fo r  most space app l ica t ions are not ava i lab le  in th is  frequency range, i t  is not considered fu r th e r  
in th is  Report.

The range 10 Mc/s to 20 Gc/s is of more immediate in te re s t ,  p a r t ic u la r ly  to the C .C .I.R ., 
f o r  communication with spacecraft purposes. The upper p rac t ica l  l im i t  of th is  range may be belew 
10 Gc/s during heavy r a i n f a l l ,  and the lower l im i t  may be above 70 Mc/s depending upon the degree 
of so la r  a c t i v i t y ,  the geographical pos it ion  of the earth s ta t io n  and the geometry of the signal 
path. On the other hand, the "window" may extend from as low as 2 Mc/s f o r  polar locations during
the night _/_ 3 _ /  to  as high as 50 Gc/s at locations at high a l t i tu d e  free from ra in .  Fig. 1
i l l u s t r a t e s  these general frequency l im i t s .

Although the lower frequency-! im it of the window is esse n t ia l ly  l im ited  by ionospheric 
in fluences, the use of frequencies near the lower Limit of the.window may~be re s t r ic te d  by noise from 
e x t r a - te r re s t r ia l  or atmospheric sources. Interference problems may also be more d i f f i c u l t  at these 
frequencies.

At higher frequencies, the main fac to rs  in f luencing the s igna l- to -no ise  ra t io  are :

the signal power ava i lab le  under free-space propagation condit ions,

the absorption in the atmosphere, 

rad ia t ion  from natural e x t r a - te r re s t r ia l  sources,

thermal noise rad ia t ion  a r is ing  from atmospheric absorption, and also from the earth v ia  
side-lobes in the d i r e c t i v i t y  pattern of the antenna.

Free-space propagation

Although great distances are involved, the propagation medium in space is essen t ia l ly  
transparent to  radio waves over a wide range of frequencies and performance estimates fo r  th is  range 
may be based on free-space propagation. The dependence on frequency of the input power to a receiver 
under free-cpace propagation conditions depends upon the type of antenna at the transm it te r  and the 
rece ive r .  This dependence is shown by the fo l low ing free-space propagation formula :
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P .  < x  / P t  Gt  M  C2 Pt  Gt  er

r  V 4 11 '  \  ^  J  U  I I )2 f 2 d2

where

P = available power from the receiving antenna,
r

= radiated power,

X = wavelength in free-space,

f  = frequency

d = distance between transm it te r  and rece iver,

Ĝ  = power gain of the transm itt ing  antenna, re la t iv e  to  an iso tro p ic  antenna,

6 = power gain of the receiving antenna, re la t iv e  to an iso tro p ic  antenna
r

c = ve lo c i ty  of l ig h t  in free-space.

I f  both the transm it t ing  and receiving terminals of a free-space communication l in k  use 
omnidirectional antennae or i f  the beamwidths. at both terminals are f ixe d ,

P is proportional to  P,r r r t
2 -?2 

f  d

so tha t the received power increases as the frequency is  decreased.

I f  one terminal of a free-space communication l in k  uses a d i re c t io n a l  antenna of f ixed 
physical size and can operate w ith narrower and narrower beamwidths as the .frequency is increased, 
while the other terminal uses an omnidirectional antenna or an antenna of f ixed  beamwidth, e .g . a 
d i re c t io n a l  antenna on th e :earth*s surface (Ĝ . = Const, f  )*  and an omnidirectional antenna on a 
spacecraft.

P is proportional to  P̂

so tha t the received power is  independent of frequency.

I f  both terminals of a free-space. conim'uni cat ion l in k  use d i re c t io n a l  antennae of f ixed
phys ica l 's ize  and can operate w ith narrower and narrower beamwidths as frequency is increased, e .g . a
d i re c t io n a l  antenna on the earth 's  surface and a d i re c t io n a l  antenna on a more elaborate spacecraft
(G, = Const, f^  and G = Const, f ^ ) *  :

t  r

P is proportional to P. ,2 
r  t  f

~ T

so tha t the received power increases as the frequency is  increased.

* In the d i re c t io n  of maximum antenna gain.
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Fig. 2 i l l u s t r a t e s  the power ava i lab le  fo r  free-space propagation when both the antenna at 
the earth s ta t ion  and the antenna at the space s ta t ion  have maximum physical size and minimum l im i ta ­
t ions  on beamwidth. With in the " rad io  window", maximum available power depends on the operational 
requirements and antenna design which usually  establish the physical size of the antenna and the 

l im i ta t io n s  on beamwidth.

2.3 Signal attenuation

Actual propagation conditions may vary subs tan t ia l ly  from free-space condit ions, p a r t ic u la r ly  
at frequencies near the edge of the radio "window", and i t  is necessary to  correct fo r  tropospheric 
and ionospheric e f fec ts  to obtain a true estimate of the dependence on frequency.

For higher frequencies th is  co rrec t ion  is p r im ar i ly  to  take account of attenuation due to 
atmospheric gases, clouds and r a i n f a l l .

F ig. 3 indicates the. attenuation of the signal fo r  a v e r t ic a l  path in a c lear atmosphere as 
a func t ion  of frequency. The_curves are based on a theo re t ica l  estimate f o r  an atmosphere typ ica l  of 
Washington, D.C. in August J_ h J , and i l l u s t r a te s  the frequency-dependence expected in a moderately 
humid area. Addit iona l theo re t ica l  and experimental work is  necessary to  determine atmospheric 
absorption completely. The_ attenuation when the path is not v e r t ic a l  w i l l  be increased by a fac to r
independent of frequency /_ 5  /.; approximate values of th is  fa c to r  are given in  Table I fo r  various
angles of e leva t ion .

Table 1

E ffect of angle of e leva tion  on atmospheri? absorption

Angle from the horizonta l 0° 5° 7.5° 10° 30° ; 90°

Factor by which the attenuation in 
db is greater than tha t fo r  a v e r t ic a l  
path

80 11

1 7

5 . 2 .1

 p 1 gsho_w_s  ihe__attenuation of the signal per 1 km of path due to  r a i n f a l l ,  and to cloud

and f °9 L  6 _ /  , L  2 J .  Estimat ion of absorption due to r a in fa l l  is complicated by va r ia t ion  
of drop size d is t r ib u t io n s  f o r  the same r a in fa l l  rate and by turbulence which may produce a d i f fe re n t  
water content, in the a i r  than indicated by surface measurement. F ig . 4 applies to  a typ ica l  drop size 
d i s t r ib u t io n  in steady r a i n f a l l .  I t  must however be remembered tha t the e f fe c t iv e  antenna noise 
temperature increases during r a i n f a l l ;  also changes of antenna impedance during heavy r a in fa l l  may 
fu r th e r  degrade the receiv ing cond it ions.
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Estimation of the percentage of time fo r  which a given attenuation occurs requires
s t a t i s t i c a l  information on the horizontal and v e r t ic a l  extent of rainstorms, and on cloud thickness,
and coverage. For example, an estimate based on s t a t i s t i c s  fo r  Southern England fo r  cloud ]_  8 J  
and ra in ,  making assumptions concerning the dimensions of rainstorms, shows that the attenuation 
exceeded fo r  ]% of the time is about 0,25 db due to ra in  and about 0.7 db due to cloud, taking the

case of 5° elevation and a frequency of 4 Gc/s.

' Near the low frequency edge of the window the absorption in the ionospheric 0-, E- and F- 
regions increases with decreasing frequency. For most te r r e s t r ia l  locations even at 20 Mc/s th is  
influence w i l l  ra re ly  produce an attenuation greater than 1 db at v e r t ic a l  incidence or 6 db at low 
e leva tion  angles. However, much larger values have been__obse_rved at high la t i tudes  in the presence 
of aurorae, in p a r t ic u la r  during sho r t - l ived  drop-outs j_  9 _ / .  The low frequency edge of the window 
is dependent on time and varies according to the local and- regional ionospheric ch a ra c te r is t ic s .  
Complicated ionospheric re f ra c t io n  and re f le c t io n  phenomena can produce focusing and defccusing pheno­
mena, in part_icula_r, under conditions of s c in t i  1 la t ic n  (see para. 2.5) and near the frequency l im i t  of 
r e f l e c t i o n /  10 /  *

2.4 Refract ion phenomena

A radio ray passing through the lower atmosphere is  bent by an amount depending on the angle 
of incidence and the thickness of the atmosphere traversed. The e f fe c t  is la rge ly  independent of f r e ­
quency, and i t s  magnitude greatest at small angle of e leva t ion . The magnitude of the bending is 
s ig n i f ic a n t  only fo r  very small angles of e leva t ion . F ig. 5 shows the__average amount of bending- 
versus apparent angle of a r r iva l  fo r  two extreme types of atmosphere /  11 / .  I t  is c lea r tha t the 
e r ro r  in angle of a r r iv a l  is very small fo r  e levation angles greater than 5*̂ , although i t  can be of the 
same order as the antenna beamwidths which are l i k e l y  to be used fo r  communication s a t e l l i t e  systems.

Ionospheric re f ra c t io n  also increases the apparent e levation , but i t  is important only near 
the low frequency edge of the window and decreases considerably with increasing frequency. It is
esse n t ia l ly  given by the se l lmeier dispersion formula /  10 / .  The e f fe c t  varies g rea t ly  according
to the t im e-va r ia t ions  of the electron density and also with regional va r ia t io n s ,  the highest values 
being found j n  t ro p ica l  regions. Anomalous e f fec ts  occur frequently  near the lower frequency l im i t  of
the window/, 10 / .  Ionospheric ducting may occur a / a l t i / u d e s  below roughly 500 km and may be
important-at frequencies up to several hundred Mc/s ]_  12 _ J .

2.5 S c in t i l l a t io n  and sca tte r

S c in t i l l a t io n ,  i . e .  f lu c tu a t io n  with time in the amplitude and d i re c t io n  of a r r iv a l  of the 
s igna l,  occurs when inhomoge'neities in the re f ra c t iv e  index are present which vary in time. The time 
v a r ia t io n  resu lts  from motions of these inhomogeneities in the atmosphere cr from motion of the space­
c r a f t ,  Under these conditions there may be a lack of phase coherence so that typ ica l  phase e f fec ts  
(see § 2.6) cease to be well defined. Large aperture antennae wi l l  not rea l ize  t h e i r  f u l l  plane wave 
gain under these circumstances so that an apparent attenuation is observed.
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Tropospheric s c i n t i l l a t i o n  occurs mainly at very low elevation angles. Measurements are, 
however, ava i lab le  hich show tha t the _effect__is not neg l ig ib le  even at higher e levation angles in 

the case of high d i r e c t i v i t y  antennae J_ 13 J .

_  _  [onospheric s c in t i l l a t i o n s  have been observed quite frequently  re lated to  auroral phenomena
L 10 _ /> . / .  ^  _ / •  Such observations have been reported on frequencies up to  1 Gc/s 1 5 _ / .

Scattering of energy over a wide range of angles may also occur. Although the attenuation 
and d is to r t io n  of a s ignal resu lt ing  from th is  is  generally qu ite  neg l ig ib le ,  the f r a c t io n  of energy 
scattered may sometimes be a cause of in te r fe rence .

2.6 Phase e ffec ts

A Doppler f requency-sh if t  is produced i f  the path length of a radio l in k  varies w ith  time, 
g iv ing a continuous change of phase. The received frequency f ’ is increased re la t iv e  t o :the trans­
mitted frequency f  f o r  a decreasing path length, and is decreased fo r ,an  increasing path length. In 
the simplest case of free-space propagation the formula is :

A l  = f*  -  f  V  L = -_x

where V is  the rate of change of path length and c is the v e lo c i ty  of l i g h t .  The frequency s h i f t  
r

A f  ts a constant percentage of the transm itted frequency, and therefore increases w ith increas ing^fre­
quency. For a low a l t i tu d e  s a t e l l i t e  the f ra c t io n a l  change has a maximum value of up to  2 x 10 .
The change is  however, greater f o r  rockets and fo r  s a te l l i t e s  on take o f f  and re -en try  and, at times, 
also fo r  spa^e probes.

The Doppler e f fe c t  gives frequency va r ia t ions  during the passage of a s a t e l l i t e  which must 
be allowed fo r  in  considering frequency a l loca t ions  fo r  earth-space systems. Second-order d i f f i c u l t i e s  
may arise from the fa c t  tha t the absolute frequency s h i f t  is not exactly constant throughout the f r e ­
quency band occupied by the transmission.

Tropospheric re t ra c t io n  has only a neg l ig ib le  influence on Doppler s h i f t .  .However, the 
ionospheric in fluence cannot be neglected near the lower frequency l im i t  of the window,, up to  a few
hundred Mc/s. This ionospheric influence is ,  again, variajble w ith time and loca t ion .  Considerable
e f fec ts  have been observed at frequencies below 100 Mc/s J_ 10__/.

The Faraday e f fe c t  appears as a consequence of double re f ra c t io n  in the ionosphere in  the 
presence of the ea r th ’ s magnetic f i e l d .  This gives r ise  to a ro ta t io n  of the plane of p o la r iza t ion  
of a l in e a r ly  oolarized plane wave. The e f fe c t  depends on the e lectron density and on the strength 
and d i re c t io n  of the magnetic f i e l d .  The to ta l  number of ro ta t ions  is often several hundred in the 
v i c in i t y  of the lower frequency eclge of_the window. The Faraday ro ta t ion  may occasionally reach a
value as high as 150° at 1 Gc/s /_ 16 J ,

2.7 Noise

T o  d e t e r m i n e  o p t i m u m  f r e q u e n c i e s ,  t h e  v a r i a t i o n  o f  b a c k g r o u n d  r a d i o  n o i s e  w i t h i n  t h e  r a d i o
wi n d o w  must  a l s o  be c o n s i d e r e d .  T h i s  n o i s e  a r i s e s  by r a d i a t i o n  f r o m  n a t u r a l  t e r r e s t r i a l  and e x t r a ­
t e r r e s t r i a l  s o u r c e s ,  man- made n o i s e ,  and b y  r a d i a t i o n  f r o m  . the a b s o r b i n g  a t m o s p h e r e  a r o u n d  t h e  e a r t h ,
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and may be received in both the main and subsidiary lobes of the antenna. Radio noise is f requently  
described in terms of an e f fe c t ive  antenna temperature.

Of the natural sources cosmic noise predominates at the lower edge of the radio window. 
Toward the upper edge, noise due to water vapour and oxygen absorption in the atmosphere becomes 
increas ing ly  important.

There are three types of cosmic noise, namely a background rad ia t ion  (mainly from the 
ga laxy), rad ia t ion  from point sources, and so lar noise. The magnitude of the background cosmic noise 
decreases as the frequency is increased a_nd becomes neg l ig ib le  in comparison with the receiver noise
at frequencies above about 1 Gc/s_/_ 17 / .  The point sources are of very small angular width and
are ra re ly  intercepted by an earth s ta t ion  antenna.

The sun is also of small angular width and is ra re ly  intercepted by an antenna beam. How­
ever, i t s  apparent noise temperature may be very high and the noise received v ia side-1obes may be
•s ign if ican t  in some cases. Solar noise is dependent on the frequency and on the degree of so la r 
a c t i v i t y .  The apparent noise temperature of the quiet sun varies from almost 1 000 000 at 30 Mc/s 
to  about 10 000° at 10 Gc/s. The amount of so la r noise received by an antenna c le a r ly  depends on the 
apparent temperature of the sun, and on the f ra c t io n  of the antenna beam intercepted by the sun.

In addit ion to  noise from e x t r a - te r re s t r ia l  sources, noise also o r ig ina tes  in the earth 's
atmosphere. When viewed through an absorbing region at a temperature T^, the e f fe c t ive  sky tempera­
ture due to  a source at a temperature T , which f i l l s  the antenna beam, is given by

(] J + -XT
I o

w h e r e o f ,  the power transmission fa c to r  of the absorbing region, is related to  the attenuation L, 
(db), by the formula

L = 10 1 og 1Q ( I  )

F ig. 6 shows the apparent sky noise temperature due to  background cosmic noise and to 
atmospheric absorption as a funct ion of e levation angle fo r  the frequency range from 100 Mc/s to 
40 Gc/s. This graph is f o r  typ ica l  summer conditions but does not include the e ffec ts  of cloud and 
ra in .  The two curves fo r  cosmic noise correspond to the l im i t in g  cases with the antenna directed 
toward the maximum noise rad ia t ion , near the ga lac t ic  center, and with the antenna directed toward 
the minimum noise rad ia t io n .  In estimating antenna temperatures, the antenna pattern and rad ia t ion  
from the earth ’ s surface must also be considered.

The noise due to absorption in cloud and ra in  may be calculated from the formula given above 
i f  the temperature and rate of attenuation and th e i r  d is t r ib u t io n  along the path are known. During 
heavy ra in  or dense fog, antenna temperatures at the highest frequencies considered here, wi l l  tend to 
approach the temperature of the atmosphere.

3. Communication with space c ra f t

— — ' Fig± 7 combines some of the more important technical fac to rs  (on the basis of ]_  4 __/ and
18 _ /  t  o _/_ 2 4  / )  t  o i l l u s t r a t e  the general frequency dependence of ava i lab le  signal and noise

powers, in a simple s a te l l i t e  system, namely an unstab i l ized  s a t e l l i t e  w ith an iso trop ic  antenna
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1000 km from an earth s ta t ion  which is located at sea le ve l.  The data re fe r  to the l in k  from space 
to  earth which is thought to be genera l ly  the weaker one. (t is assumed that the diameter of the 
antenna at the earth s ta t io n  is l im ited  to 20 m and the minimum beamwidth is 0 .2° . Under these 
cond it ions, the ava i lab le  signal power remains constant under c lear atmospheric conditions up to the 
frequency at which the beamwidth l im i ta t io n  is reached (about 5 Gc/s). At higher frequencies the 
l im i t in g  beamwidth is used and there is a decrease in ava i lab le  signal power. There is also increased 
atmospheric absorption at the higher frequencies.

The noise power is estimated fo r  a parabolic  antenna in a moderately humid sea-level location
(Washington D.C., August) and includes earth and solar-no ise contr ibu t ions from typ ica l  side lobes of
a simple parabolic antenna. Careful design fo r  side lobe suppression wi l l  resu lt  in somewhat lower 
noise values. The same general frequency dependence holds fo r  any f ixed beamwidth antenna on the 
spacecraft.

F ig . 8 i l l u s t r a te s  the re la t ionsh ip  between the ava i lab le  signal and noise powers and the 
frequency in a more elaborate communication s a te l l i t e  system, namely a s ta b i l iz e d  s ta t ionary  s a te l l i t e  
using an earth oriented d i rec t iona l  antennae. For the c i r c u i t  parameters assumed, the available 
c a r r ie r  power increases w ith frequency u n t i l  the beamwidth-l im itation of the s a t e l l i t e  antenna is
reached (20° beamwidth at about 2 Gc/s f o r  a paraboloid 0.5 m in diameter); the avai lab le  signal
power is then esse n t ia l ly  constant u n t i l  the beamwidth l im i ta t io n  of the earth s ta t io n  is reached 
(0.2° beamwidth at about 6 Gc/s fo r  a paraboloid 18 m in diameter). Beyond th is  frequency there is 
a decrease in ava i lab le  power as frequency is  increased.

F ig .  9 i l l u s t r a t e s  the re la t ionsh ip  between ava i lab le  signal and noise and the frequency in 
an elaborate s ta t iona ry  s a t e l l i t e  system using very d i re c t iv e  antennae with an elevated earth s ta t ion  
in  a moderately humid area (Washington O.C., August) and also in th is  area during moderate r a i n f a l l .

F ig . 10 i l l u s t r a t e s  the ty p ic a l  service area of a s ta t ionary  s a t e l l i t e  as a funct ion  of the 
angle of e levation fo r  reception.

F ig . 11 shows the v a r ia t io n  in service area at various a l t i tu d e s  of the s a t e l l i t e .

4. Communication between spacecraft

The choice of frequencies fo r  radio l inks  between spacecraft which is  considered in th is  
section, is determined la rge ly  by l im i ta t io n s  on the spacecraft antennae as determined by the space­
c ra f t  mission, and by cosmic noise. When using simple omnidirectional antenna, so la r  noise is  an 
important l im i t in g  fa c to r .  Three configurations are considered. The simplest uses omnidirectional 
antennae on both spacecraft. The second has d irec t iona l antenna on one of the spacecraft and the 
most advanced has d i re c t io n a l  antennae on both.
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For spacecraft to spacecraft communications, the c o n tro l l in g  fac to rs  on system noise are 
cosmic and receiver noise. Cosmic noise decreases somewhat more rap id ly  than the square of the f r e ­
quency as shown in 'Fig. 6. I f  the spacecrafts are in the v i c in i t y  of the moon, the earth, or the other 
planets, the temperature and masking e ffec ts  of these bodies must be included.

In ca lcu la t ing  received power levels fo r  these systems, use can be made of the formulae in 
§ 2.2 of th is  report.

I t  is obvious that spacecraft having d i rec t iona l antennae wi l l  require high angular s t a b i l i t y  
so angular motions are small compared with the antenna beamwidth. Also, depending on the d i f f i c u l t y  
of search, acqu is it ion  and tracking of the signal being received, the beamwidth of the antenna may have 
to be larger than tha t determined only by spacecraft s t a b i l i t y  and maximum permissible antenna area. 
Thus both the gain and antenna area may be l im i te d .  Under these condit ions, a p a r t ic u la r  t r a n s i t io n  
frequency f^_, above which the system gain is l im ited  by the minimum acceptable beamwidth and below 
which i t  is l im ited  by. the maximum area of the antenna, may be defined by the fo l low ing re la t io n  :

\ z. - 4  -
\  f t  '

where :

A = maximum permissible antenna area, 
m

G = maximum permissible antenna gain, re la t iv e  to an iso trop ic  antenna,
m ; -

^   ̂ = free-space wavelength corresponding to the t r a n s i t io n  frequency.

The t r a n s i t io n  frequency ( f ^ )  is  the one frequency at which the maximum permissible values 
of both antenna area and antenna gain may be used.

For the p a r t ic u la r  case of omnidirectional antennae on both spacecraft, the frequency 
va r ia t io n  of s igna l- to -no ise  ra t io  fo r  rece iver noise temperatures of 300°K and 1500°K is shown in - 
F ig . 12. I t  is seen tha t fo r  th is  con figu ra t ion , there is a broad optimum operating region extending 
from about 10 Mc/s to 150 Mc/s or more, the low-frequency l im i t  being determined by cosmic noise _/_ 18__/. 
Much.lower spacecraft receiver noise temperatures than those considered may eventually be achieved.

S im ila r  curves are shown in F ig, 13 fo r  a d i rec t iona l  antenna on one of the spacecraft and an 
omnidirectional antenna on the other. The optimum frequency region depends on the t r a n s i t io n  frequency 
of the d irec t iona l antenna. Above th is  frequency,' the received signal decreases as the square of the 
frequency because of the beamwidth l im i ta t io n .  Below th is  frequency, the curves are con tro lled  as before 
by the receiver noise temperature and the frequency va r ia t io n  of cosmic noise. I t  is seen from the 
diagram tha t when the t r a n s i t io n  frequency is very high, the optimum frequency region tends to  broaden 
considerably.
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For s im i la r  d ire c t io n a l  antenna on both spacecraft, the received power wi l l  decrease on each 
side of the t r a n s i t io n  frequency as the square of the frequency, i f  one disregards noise of cosmic 
o r ig in .  For systems presently envisaged, the optimum frequencies may l ie  anywhere in"a range between 
about 1 and 30 Gc/s depending on maximum permissible,antenna areas and antenna gains.

5. Summary

Communication between earth and space is possible w ith in  two broad frequency bands; about
10 Mc/s to  20 Gc/s and in the infra-red-.and optica l regions. With the current state of development,
the lower frequency band is of more immediate in te re s t ,  p a r t ic u la r ly  to  the C.C.I.R. and has been 
considered in th is  re p o r t .

The upper l im i t  of the band considered is dependent upon tropospheric conditions and the
lower l im i t  depends upon ionospheric conditions and cosmic noise. The band, therefore, is  not sharply
defined, but is dependent upon geographic loca tion  and time of operation.

Within the band, the optimum frequency wi l l  depend upon the spe c i f ic  communication system.

For communication with spacecraft where the spacecraft has an omnidirectional antenna the 
■available..signal and noise powers are essen t ia l ly  constant over a broad frequency range. The p rac t ica l  
upper frequency l im i t  depends upon the minimum beamwidth which wi l l  permit acqu is it ion  and track ing 
at the earth s ta t io n  as wel l  as upon atmospheric cond it ions.

For communication systems using unstabilize.d spacecraft available s igna l- to -no ise  is constant 
over a broad frequency range with the p rac t ica l  upper frequency l im i t  dependent upon maximum antenna 
size and minimum beamwidth l im i ta t io n s  at the earth s ta t io n .

. . As. systems become more ref ined through s ta b i l ize d  spacecraft and the a b i l i t y  to,use narrow- 
beam antennae, the upper frequency l im j t  increases,, and may extend to above 15 Gc/s fo r  more elaborate 
systems i f  reception is not required at very low angles.

Optimum frequencies f o r  communication between-spacecraft depend upon whether omnidirectional 
or h igh ly  d ire c t io n a l  antennae are necessary to provide the service required. For omnidirectional 
antenna on_b°th jspacecraft, there, is a broad optimum frequency region between about 10 Mc/s and
150 Mc/s J_ 1  / .  For a d ire c t io n a l  antenna in one spacecraft, the desirable region l ie s  between
about 300 Mc/s and 3 Gc/s, and fo r  d i rec t iona l  antennae on both spacecraft between about 1 Gc/s and 
30 Gc/s. These values may, however, be d i f fe re n t  i f  the, e f fec t of so lar noise is important.
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Legend to Figure 1

Chart i l l u s t r a t in g  the general frequency l im i ts  in 

a simple earth to  spacecraft'communication system-

(Space c ra f t  : iso trop ic  antenna, t ra n sm it te r  power, 1W,
bandwidth, 1 kc/s, distance 1000 km)

Earth s ta t io n  antenna :

Paraboloid, diameter, 20 m, e f f ic ie n c y ,  55$ : ------------------------------------- ----------
15 db gain above iso trop ic  antenna * ------ .---------------------------- --------------------------

A : Signal level during ideal n ight-t im e conditions (np absorption),

.8 Typical signal level during day-time conditions assuming an angle of e levation of 5° ,

C : Minimum frequency to  assure penetration of ea r th 's  ionosphere : polar region-oblique path,
t ro p ic a l  reg ion -ve rt ica l  path,

D : Minimum frequency to assure penetration of earth 's  ionosphere : t ro p ic a l  region-oblique path,

E : Beamwidth of paraboloid between half-power po in ts,

F : E ffec t of ionospheric absorption,

G : Minimum cosmic noise. Maximum values wi l l  be found to be higher by about 15 db,

H : Noise level corresponding to  a temperature of 70° K,

J : Noise due to  absorption in a c lear atmosphere, assuming an e levation angle of 5°,

K : Typical signal level fo r  a v e r t ic a l  path in a c lear atmosphere,

L : Typical signal level in heavy ra in (16 mra/h), v e r t ic a l  depth 1 km, assuming an e leva tion  angle
of 5°,

M : E ffec t of varying atmospheric conditions and e leva tion  angles.
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Q L ^ g M i a s i ^ M s k J k g ^ i i ^
(1W » Free space - 1000 km)xT‘it[i» -■nriiTinT-ir— r Tnn imrmT-imr rrr nrmri nonrirri.irm mi nr i  ...  « i ii- i h j

Minimum beam-width of earth station antenna 0*1° 
Minimum beam-width of space-craft antenna 1°

A
Barth station antenna diameter limited to 100 m 
Space-craft antenna diameter limited to 3 m

B
20 m

1 m
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FIG. 3

Theoretical one-way attenuation for a vertical path in a 
iaoderateTT 'toil'd area (tfaSScgton B«C« i^ Augastj

A: at sea-level
B: at 2  km above sea-level
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Frequency Gc/s

Attenuation in rainfall of intensity: A, 0,25 lam/hr, (drizzle)
B, 1 mm/hr, (light rain)
Cg 4 mm/hr, (moderate rain)
D, 16 ima/hr, (heavy rain)
E, 100 mm/hr, (very heavy rain).

s' F, 0.052 gm/m3 (visibility 600 m) 
G, 0*32 gm/rfi.5 (visibility about 120 i 
B, 2.3 gm/rn? (visibility about 30 m)

Attenuation in fog or cloud
t)
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Angle of elevation (degrees)

Error in angle of elevation due to tropospheric refraction

A : tropical maritime air
B % polar continental air
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OR

Apparent sky temperature due to background cosmic noise 
and atmospheric absorption

A s maximum cosmic noise 
B ; minimum cosmic noise
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90

100

110

120

130

HO

150
Frequency (Gc/s)

H&ul
Theoretical signals and noise in a simple space radiocommunication system

Destabilized satellite, 1000 km, 1W, earth terminal at sea-level*
— —  Available signal atmosphere typical of Washington DoC* in August. 
------ --- - Available signal, "Heavy" rainfall, 1 km in depth*
Earth station antenna: maximum diameter, 20 m

minimum beam width 0.2°
Space craft antenna: isotropic*
Bandwidth : 10 Mc/s.
A : typical maser noise*
A : angle of elevation of the earth station antenna.
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Frequency ( G c / s )

F I G * 8

Theoretical signals and noise in a “typical” space radloooiamunicatioii system

Stabilized stationary, earth oriented, satellite, 2 kW, earth station at sea-level*

'■...' Available signal atmosphere typical of Washington D«C* in August*
~ ~    - - Available signal, "Heavy” rainfall, 1 km in depth*

Earth station antennae: Maximum diameters 18 m and 9 m
Minimum beamwidth 0*2°

Space craft antenna : Maximum diameter 5 m
Fdnimum beamwidth 22°

Bandwidth s 10 Mc/s 
A : Typical maser noise

A : Angle of elevation of the earth station antenna*
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PI^l
Theoretical signals and noise in a "more elaborate” space radiocomraunication 3vstem
Stationary highly stabilized, earth oriented, satellite, 1W, earth station 2 km 
above sea-level0
------—   Available signal, atmosphere typical of Washington D*C„ in August
 ---------   Available signal, "moderate” rainfall, 1 km in depth
Earth station antenna : maximum diameter, 20 m

minimum beamwidth, 0*05°
Space craft antenna : maximum diameter, 5 m

minimum beamwidth 0«,2°
Bandwidth : 100 Mc/s
A s typical maser noise
A  s angle of elevation of the earth station antenna«
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Chart showing a typical service area of a stationary satellite system.
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Chart showing the size of the typical service area a3 a function of the height of the satellite
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frequency Mc/s

FICL 12

System signal-to-noise ratio for communication between space craft, 
both with omnidirectional antennae

------------  Receiver noise temperature 300°K?
  ------  Receiver noise temperature 1500°K.

A: minimum cosmic noise,
Bs maximum cosmic noise.
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db

Frequency 

F I G .  13

Mc/s

System signal-to-noise ratio for communication between snace craft, 
one of which has a directional antenna

Receiver temperature 300°K, 
Receiver temperature 1500°K.

A: minimum cosmic noise,
B: maximum cosmic noise.

2
(A /G ) - maximum antenna surface (m ) 
m m ~ maximum antenna gain
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2 . Communi cati on S a te l l i te s

REPORT 206*

' COMMONiCA T1ON-SATEILITE SYSTEMS

Gene.ra I ..considerations re K t in q  to the choice of o r b i t ,  

s a t e l l i t e  and type of system 

(Question 235 ( IV ) )

(Geneva, 1963 )

1. In troduction

Various o rb i ts  and types of s a t e l l i t e  h-ve been proposed fo r  communication-satell ite systems; 
i t  i s  the aim of th is  Report to consider the ch a ra c te r is t ic s ,  advantages and disadvantages of the various 
types .o f s a t e l l i t e  system from the technical point o f view. I t  should, however, be recognized that the 
choice of system or systems w i l l  depend not only on the technical fac tors  invo lved, but also..on operation­
a l ,  adm in is tra t ive  and economic fa c to rs .

I t  is note'd th a t ,  since the development o f communi cati  on-satel l i t e  systems is  necessari ly  an 
evo lu t ionary  process, and because a l l  operational and transmission requirements may not be met by a 
s ing le  type o f system, more than one system or type af system may eventually be incorporated in to  the 
world telecommunication, network. The problems a r is ing  from the combination of communication-satell ite 
systems.on a te ch n ica l ly  compatible basis so that they may be interconnected with one another and with 
other .transmission systems are o u t l in ed .

The use ;o.f: .communi cati on-satel l i t e  systems in the world telecommunication network requires 
consideration of the type and volume of t r a f f i c  (telephone, te legraph, data, te le v is io n  e tc . )  to be 
accommodated, the routing of the t r a f f i c ,  the probable locations and capacit ies of earth s ta t ions  and 
the overa l l  performance requ ired . T ra f f ic  aspects are a matter fo r  the C .C .l .T .T ./C .C .I  ,R. Plan Committee 
to  cons ider; performance aspects of te legraphy, telephony and data transmission a r e ‘mdtters fo r . t h e '  
C .C .I .T .T . tQ dec ide ; the C.M.T.T. deals with the case of te le v is io n .  These fa c to rs ,  nevertheless, 
have a marked influenc-- an the design of communication-sate ll ite  systems: they determine, fo r  example, 
the extent of the need fo r  m u l t i - s ta t io n  access, the capacit ies to be provided in  s a te l l i t e s  and the 
frequency requirements. The design of earth .stations also is  affected;.

F in a l ly ,  .the present s ta te -o f - th e -a r t  is reviewed, and an ind ica t ion  is  given of. matteis re­
qu ir ing  fu r th e r  study and in ve s t ig a t io n ,  with a broad ind ica t ion  of the possible tim.e-scale of fu tu re  
developments..

2 .  Possible types of o rb i t

The possible o rb i ts  include c i r c u la r  and e l l i p t i c  o rb i ts  in  the. equatoria l and polar planes 
of the Earth, and o rb i ts  inc l ined  at an angle to  the equatoria l plane. :

This Report, which was adopted unamimously, has been brought to the a t ten t ion  of the Extraordinary 
Adm in is tra t ive  Radio Conference, Geneva, 1963
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The heights and periods of the o rb i ts  of in te re s t  fo r  communication-sate ll ite  systems may 
be c la s s i f ie d ,  fo r  convenience, as fo l low s :

-  Low-alt itude o rb i ts :  heights from 1000 to 5000 km; periods from 2 to 4 hours (approx);

-  In termediate-a lt i tude o rb i t s :  heights from 5000 to 20,000 km; periods from 4 to 12 hours
(approx) ;

-  Synchronous o r b i t :  approximate height 36,000 km; period 24 hours.

The periods given are fo r  c i rc u la r  o rb i ts ,  and the heights are re la t iv e  to the surface of
the Earth.

In the case of the synchronous o r b i t ,  i t  is  assumed tha t the s a te l l i t e s  move from West to 
East, the period of 24 hours being the same as that of the rotatio.n of the Earth on i t s  a x is .  When 
such an o rb i t  i s  in  the equator ia l plane of the Earth, the s a te l l i t e s  are s ta t ionary  si nee''-they-'appear 
to be motionless re la t iv e  to observers on Earth . Synchronous inc l in e d  o rb i ts  are possib le , but the 
s a te l l i t e s  are then not s ta t io n a ry .

Sub-synchronous s a te l l i t e s  have periods corresponding to  an in tegra l  f ra c t io n  of the period 
of ro ta t ion  of the Earth; examples are as fo l low s :

a l t i tu d e :  20J00Q km (approx:) Period: 12 hours 
" 14' 000 km " " 8 "
" 10,500 km " " 6

Random s a te l l i t e s  are non-synchronous s a te l l i t e s ,  the he igh t ,  o rb i ta l  pe r iod , and o rb i ta l  
plane of which are established with in a reasonable degree of accuracy, but which are  not prec ise ly  
c o n tro l le d .  Hence, there is  re la t iv e  motion, o f  a predominantly random value, between s a t e l l i t e s .

Although o rb i ts  above the synchronous height of 36,000 km are possib le , they have no s ig ­
n i f ic a n t  advantages fo r  communicgtion-satelI ite systems.

C ircu la r o rb i ts  in  or near the equatoria l plane of the Earth would have the advantage tha t 
perturbations of the o rb i ts  due to  the oblateness of the Earth, and perturbations due to the Moon and 
Sun, are minimized, thus f a c i l i t a t i n g  the use of station-keeping and a t t i t u d e - s ta b i1i zed * sate 1l i t e s  
(see §§ 3.2 and 3.3)

In the case of e l l i p t i c  o rb i t s ,  the s a te l l i t e s  move r e la t i v e ly  slowly near apogee and thds 
are v is ib le  fo r  longer times between certa in  pairs o f su i tab ly  placed locations on the Earth as com­
pared with c i r c u la r  o rb i ts  o f the same per iod ; on the other hand the mutual v i s i b i l i t y  between other 
pairs o f locations may be le s s .  The e l l i p t i c  o rb i t  in c l ined  at about 64° to the equator is  o f i n te r ­
est since the apogee remains a t approximately the same la t i t u d e .  These cha rac te r fs t ics  of e l l i p t i c  
o rb i ts  are of greater advantage fo r  systems o f reg iona l,  as opposed to world-wide, coverage; in  the 
la t t e r  circumstance e l l i p t i c  o rb i ts  show no special advantages and are at a disadvantage as regards 
s a te l l i t e  s ta t ion-keep ing . In addit ion i t  would be d i f f i c u l t  to use earthward—dlrected antennae 
e f f i c i e n t l y  on such s a t e l l i t e s .
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The higher o rb i ts  have the advantage of providing greater coverage of the Earth from each 
s a t e l l i t e ,  so tha t fewer s a te l l i t e s  would be required fo r  world-wide coverage. On the other Hand, a 
more powerful rocket launcher would be required to put a given payload in to  the higher o r b i t s .  The 
use of c i r c u la r  equa to r ia l ,  or near-equatori a l , o rb i ts  in  the IVe s t - t  c -East d irec t ion  would enable 
larger payloads to be put in to  o rb i t  than in the Eost-to-West d ire c t io n  by taking advantage of the ro­
ta t io n a l  v e lo c i ty  of the Earth. The use of only the equatoria l plane with an equatoria l launching 
s i te  as opposed to the m u lt ip le  o rb i ta l  planes required fo r  polar or inc l ined  o rb i t  systems would 
s im p l i fy  the launching problem,'provided that a sa t is fac to ry  equatoria l s i te  is  a va i lab le .

To minimize the r i s k  of damage to solar c e l ls  and other s o l id -s ta te  devices'due to intense
proton and e lectron  rad ia t ion  in the inner region of the Van Allen b e l t ,  i t  may be des irab le , in the
in te re s ts  of achieving lo n g - l i f e  s a te l l i t e s ,  to avoid o rb i ts  passing through a l t i tu d e s  of from about 
1500 to 5000 km in and near the equatoria l plane, unless su itab le  ra d ia t io n - re s is ta n t  devices or 
screening methods can be devised.

The choice of o rb i ta l  height is  also important from the aspect of transmission'del ay over
the e a r th -sa te l11 te -ea rth  path (see Report 214).

3 . Possible typ e s 'o f  s a te l l i t e s

S a te l l i te s  useful f o r  communication may be c la s s i f ie d  as passive or a c t iv e ;  s ta b i l ize d  or 
unstab51 ized ; and random or s ta t ion-keep ing.

3*1 Passive and active s a te l l i t e s

Passive earth s a te l l i t e s  may be e i th e r  natural or made by man.

The only known natura l s a te l l i t e  of the earth is  the moon. Tests over a period o f years 
have shown th a t ,  when time delay is  not a c o n tro l l in g  fa c to r ,  e .g . in the case of te legraphy, the 
moon may be used successfu l ly  fo r  transmission of information occupying a few k i locyc les  per second 
of bandwidth. The transmission losses encountered on an earth-moon-earth c i r c u i t  are very la rg e .  
Also, such a c i r c u i t  i s  not continously ava i la b le .

Man-made s a te l l i t e s  su i tab le  fo r  use in a passive sat el .1 ite-communi cati ons system involve 
two p r inc ipa l  approaches:

comparatively large th in-wallad structures which are in f la ta b le  in space;

o rb i t in g  d ipo les .

A passive s a te l l i t e  now in o rb i t  is  Echo I .  | t  -was launched in 1960 in to a n  approximately 
c i r c u la r  inc l ined  o rb i t  at an a l t i tu d e  o f 1450 km and was in f la te d  in space immediately a f te r  launch. 
It  is  a th in -w a lled  33 meter diameter spheroid o f aluminized mylar. In add it ion  to other te s ts ,  i t  
has been used to  confirm propagation pred ic t ions and to demonstrate voice communications. Further 
launches and tes ts  are to  be made, using larger spherical passive structures which are less subject 
to deformation. Invest iga t ion  also is  continuing on methods of increasing the radio cross-section to 
mass r a t io ,  w ith the ob ject ive  o f improving tho usefulness o f passive s a t e l l i t e s .
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Consideration has been given to the placing of dipoles in su itab le  o r b i t s .  Being resonant, 
each dipole would reradiate signals which excite i t .  However, mu lt i-pa th  transmission from the various 
d ip o le s ' in  the common volume i l lum inated by the transm it t ing  and receiving antennae, and Doppler s h i f t
e f fe c ts ,  would place l im i ta t io n s  on the use of th is  technique.

In general, passive s a te l l i t e s  are less e f fe c t iv e  than active ones, because the overa l l  
transmission loss on the e a r th -s a te l1i te -e a r th  path is  appreciably greater than fo r  active s a t e l l i t e s .

In view of the high-powered earth ' 's ta t ion  transm itte rs  and l im i ted  overall transmission 
bandwidths ch a ra c te r is t ic  of passive systems, a t ten t ion  now is  being concentrated on active s a te l l i t e s  
fo r  h igh-capacity systems.

3.2 A tt i tude  s ta b i l ize d  s a te l l i t e s

An a t t i tu d e  stabi 11 zed ' sate 111 te i s  designed to maintain one or more of i t s  axes in- a
spec if ied  d irec t ion  or d i re c t io n s ,  e .g . towards the centre of the earth or towards a f ixed  pos i t ion  in
space. The simplest form of a t t i tu d e  s ta b i l i r a t io n  is  spin s ta b i l iz a t io n  of the ro t - t io n a l  a x is .
Spin s ta b i l iz a t io n  may be passive (as in TELSTAR) or act ive  (as in SYNCOffl). In the l a t t e r  case, pulsed 
gas je ts  can be used to correct both the spin axis and perturbations of the o r b i t .  With active spin 
s ta b i l i z a t io n ,  a phased antenna array can produce an earth -d irec ted  antenna beam.

Three-axi; s ta b i l iz a t io n  of a non-spinning s a t e l l i t e  permits d i rec t ing  conventional antennae 
toward the ea rth ,  and or ien ting  solar co l l  panels toward the sun. Earth—directed s a te l l i t e  antennae 
provide gain which Helps overcome the greater path loss associated with higher o r b i t s .  Without sat­
e l l i t e  antenna gain, more powerful transm itte rs  and la rger launching vehicles would be needed.

The development of techniques and equipment to provide a t t i tu d e  s ta b i1iza t ion  systems of
long l i f e  and high r e l i a b i l i t y  present major problems. These problems may be somewhat reduced by use
of c i r c u la r  equator ia l o rb i ts ,  due to  the smaller perturbations experienced in such o r b i t s .

S a te l l i te s  which arc- not a t t i tu d e  con tro l led  or which are spin s ta b i l ize d  are less complex,
* hence o f fe r ing  the advantages of s im p l ic i ty  in design and operation, and the p ro b a b i l i ty  o f longer 

useful l i f e  in o r b i t .

3.3 Random and station-keeping s a te l l i t e s

Proposals have been made fo r  the use of s a te l l i t e s  randomly d is t r ib u te d  in  a va r ie ty  of 
o rb i t s .  Random s a te l l i t e s  may be e i th e r  active or passive, and could be a t t i tu d e -c o n t ro l le d .

A stat ion-keeping s a te l l i t e  is  one the pos it ion  of which, r e la t iv e  e i the r  to other s a t e l l ­
i te s  in the same system or to a po in t on earth , is  maintained w ith in  given l im i t s .  Such s a te l l i t e s
could be, and in general would be, a t t i tu d e  s ta b i iz e d .
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The advantages of random s a te l l i t e s  as compared with station-keeping s a te l l i t e s  would be 
greater s im p l ic i t y  of design and operation, and the p ro b a b i l i ty  of a longer useful l i f e  in o r b i t .
On the other hand, fewer s ta t ion  keeping s a te l l i t e s  would be needed to  provide a given qua l i ty  of 
communication se rv ice , and s im p l i fy  system operation.

4. Possible types of communication-sate ll ite  system

4.1 Random s a t e l l i t e  systems

Broad band telecommunication by means of s a te l l i t e s  s im i la r  to those which might be used' 
in  a random s a t e l l i t e  system has now been successfully demonstrated and extensively tes ted . The ex­
tension from th is  stage to a world-wide operational system would not require the use of any basic new 
techniques or p r in c ip le s .  This type of s a te l l i t e  system o ffe rs  the means to proceed with an oper­
ationa l system at the e a r l ie s t  possible date.

An appreciable number of s a t e l l i t e s ,  each carrying one or more broad—band microwave re­
peaters, are needed to provide high co n t in u i ty ,  world-wide se rv ice . However, usefu l-serv ice can be 
started with a small number of s a t e l l i t e s ,  with the service being extended when needed by the ad­
d i t io n  of more s a t e l l i t e s .  Because of t h e i r  s im p l ic i t y ,  the ind iv idua l sa te l l i te s .w ou ld  be the 
cheapest o f the Various types and i t  is  l i k e l y  that three or more could be launched with a single 
rocket of current type .

For example, with some 12 to 18 such s a te l l i t e s  in o rb i t  at heights o f about 11,000 km, 
a substant ia l amount of telecommunication service would be poss ib le . In fa c t ,  service would be
ava i lab le  fo r “ 95 ' to  991 of the “ time between klorth“ 7\meri ca and Europe. With expansion to 48 random 
s a t e l l i t e s ;  e .g . ,  24 in a po lar o rb i t  and 24 in a nearly equatoria l o r b i t ,  service would be ava i lab le  
over 99% of the time over most o f the major communication routes of the world .

The above mentioned p o s s ib i l i t ie s  could be achieved from ex is t ing  launching s i te s .  I t  may 
be noted tha t a random s a t e l l i t e  system which includes polar o rb i ts  i s  the only one of the systems 
commonly proposed which is  capable of complete world-wide area coverage. In a random s a te l l i t e  sys­
tem the s t a t i s t i c a l  d is t r ib u t io n  of s a te l l i t e  posit ions is  such that the fa i lu re  of one, or a few, 
.diminishes the r e l i a b i l i t y  o f service only a l i t t l e .

The wlde-band repeates tested in random s a te l l i t e s  are capable of carrying one broad-band 
telecommunication channel or a number of narrower-band channels. This makes i t  possible to serve 
both large and small earth s ta t io n s ,  or groups of s ta t io n s ,  as desired.

The earth s ta t ion  antennae fo r  a random s a t e l l i t e  system must be able to fo l low  the sat­
e l l i t e  across the sky, but experience has shown th is  to be easier than o r ig in a l ly  a n t ic ip a te d .  Future 
s ta t ions  can'be simpler than today’ s experimental s ta t io n s .  Coordination;between-earth sta t ions i s  
required bu t,  fo r tu n a te ly ,  the pos it ions of s a te l l i t e s  can be predicted in  advance fo r  extended 
periods. Information on s a t e l l i t e  posit ions and th e i r  assignment to  p a r t ic u la r  communication paths 
can be determined and shared among the earth s ta t ions  well ahead of t im e.



The time delay introduced in to  communication l inks  routed via. random s a te l l i t e  systems at 

intermediate a l t i tu d e s  w i l l  be subs tan t ia l ly  less than tha t of a s ta t ionary  s a t e l l i t e  and in  some 
cases would be less than in a sub-synchronous s a t e l l i t e  system.

4.2 Sub-Synchronous s a te l l i t e  systems

Sub-synchronous s a te l l i t e  systems would use s ta f i  n—keeping s a te l l i t e s .w i t h  o rb i ta l  periods 
corresponding to an in tegra l  f r a c t io n  of 24 hours, e .g . ,  6, 8 or 12 hours. Such systems enable a n t i ­
podal distances to be spanned with maximum one-way transmission delays of some 300 m il l iseconds. In 
the sub-synchronous system appreciably fewer s a te l l i t e s  would be required fo r  continuous service than 
would be needed fo r  a random s a te l l i t e  system.

As an example, i t  may be noted th a t ,  using the 8-hour sub-synchronous equator ia l o r b i t ,  10 
to 12 s a te l l i t e s  could provide continuous coverage around the world between the la t i tu d e s  60°N and 
6C°S. I f  the o rb i ta l  period is  exactly 8 hours, each s a t e l l i t e  would be v is ib le  to a given earth 
s ta t ion  twice per day at the same local times each day. The world-wide coverage o f such a system could 
be div ided in to  seven overlapping zones, each spanning about 70° of longitude and up t o '4.5 hours of 
local t im e. All s ta t ions  in  a given zone could use the same s a t e l l i t e  at the same time, the' period o f 
use, one hour, o f  that s a te l l i t e  being denoted by an "act ive  a r c " f o r  th a t  zone. A l l  the s ta t ions  in 
a given zons would be in single-hop communication with each other, and most in te rcon t inen ta l  connections 
could be established via not more than two s a te l l i t e  l in ks  joined in tandem via an in terconnection 
earth s ta t io n .

I t  i s  to be noted th a t  the zoning p r in c ip le  would also be useful fo r  te le v is io n  re lay ing ,  
since each zone o f some 4.5 hours time d ifference corresponds approximately to  a convenient maximum 
d iffe rence of ti-me which could normally be accommodated by " l i v e "  te le v is io n  broadcasts'. Each zone 
could, i f  desired, transmit d i f fe re n t  te le v is io n  programmes; on the other hand, world-wide te le v is io n  
l in ks  could be established via interconnection earth s ta t io n s .

;i A useful feature of such a system is  tha t i t  would o f fe r  a measure of redundancy, although
less than in a random system, which could be u t i l i z e d  i f  necessary, to  provide p a r t ia l  but immediate
compensation fo r  the fa i lu re  of one or more s a t e l l i t e s .  As a fa u l ty  s a t e l l i t e  passes over each zone, 
many of the c i r c u i t s  w ith in  th a t  zone could continue to operate by using adjacent s a te l l i t e s  while they 
are travers ing  those parts of the o rb i t  not normally regarded as a c t iv e .

The choice o f an o rb i ta l  period o f an in teg ra l  f r a c t io n ,  e .g .  one t h i r d  of 24 hours, would
be opera t iona l ly  convenient f o r  the fo l low ing reasons:

when p a r t ia l  coverage is  acceptable, e .g .  in  the i n i t i a l  stages of se tt ing  up a system,
such p a r t ia l  coverage would be ava i lab le  a t f ixed times of the day;

add it iona l s a te l l i t e s  couid be in jec ted  In to  a f u l l y  equipped system to cover peak t r a f f i c
periods over s p e c i f ic  areas of the world, e .g .  over the T rans-A t lan t ic  pa th ;
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breaks in transmission due to the fa i lu re  of a s a te l l i t e  would occur at the same time each 
day, thus f a c i l i t a t i n g  the re-scheduling of t r a f f i c ;

the useful p e r io d s 'fo r  each s a t e l l i t e  and pa ir  of co-operating s ta t ions  would occur at the 
same time each day, thus f a c i l i t a t i n g  regular hour-by-hour automatic switching from sat­
e l l i t e  to s a t e l l i t e .

The use 'o f an o rb i t  in  the equatoria l plane would f a c i l i t a t e  s a te l l i t e  t rack ing , since the 
various s a t e l l i t e s ,  when viewed from a given earth s ta t io n ,  should fo l low  iden t ica l  tracks . Since the 
range of azimuthal and e levation angles to  be covered from a given earth s ta t ion  is  l im i te d ,  steorable 
antenna design is  f a c i l i t a te d  and te r ra in  screening can be employed in varying degrees to minimize 
in te rfe rence to and from te r r e s t r ia l  radio serv ices.

The twelve s a te l l i t e s  in  such a system could use the same frequency assignments.

It  i s  estimated on the basis of postal data fo r  1958, t i n t ,  in a world-wide s a te l l i t e  
system using the sub-sychronous 8-hour o r b i t ,  less than 18$ of telephone connections would involve 
transmission delays o f more than 250 ms and only 3$ would involve mean delays exceeding 360 ms 
(see Report 214).

4.3 Stationary s a t e l l i t e  systems

From a s ta t ionary  s a t e l l i t e  the earth subtends an angle of approximately 17f degrees, which 
corresponds to a maximum g re a t -c i rc le  earth distance of approximately 17,000 km, assuming a mimimum 
e levation  of 5° fo r  the earth s ta t ion  antenna. The corresponding area of the earth , from which a 
s ta t ionary  s a t e l l i t e  would be v is ib le  at an antenna elevation o f 5° or more, is  approximately a t h i r d '  
of the earth ’ s to ta l  area. A l l  earth s ta t ions  w ith in th is"area  could use th is  s a te l l i t e  continuously, 
without per iod ic  hand-over from a se tt ing  s a t e l l i t e  to a r is in g  one, as w i l l  be required fo r  s a te l l i t e s  
in any non-synchronous o r b i t .  Moreover, earth sta t ions could use f ixed d i re c t iv e  antennae, having 
very l im ited  beam—steerabi 1 i t -y . Such antennae can be simpler and less expensive than the m u lt ip le  in ­
s ta l la t io n s  o f steerable antennae which are needed with a l l  other s a te l l i t e  systems.

The distance from a s ta t ionary  s a t e l l i t e  to i t s  fa r th e s t  earth s ta t ions  w i l l  be about 
42,000 km, requ ir ing  about 140 ms fo r  propagation between such a s ta t ion  and the s a t e l l i t e .  Thus, 
al lowing fo r  add it iona l delay in  associated te r r e s t r ia l  communication c i r c u i t s ,  telephone conversations 
via a s ta t ionary  s a t e l l i t e  may have round t r i p  delays of -bout 0.6s.

To the extent tha t the s a te l l i t e  i s  s ta t io n a ry ,  th is  delay time is  constant and Doppler 
frequency s h i f t s  would be n e g l ig ib le .  The small amount of Doppler s h i f t  should f a c i l i t a t e  the use 
of SSB modulation systems which, in tu rn ,  can f a c i l i t a t e  f l e x i b i l i t y  of interconnection between 
earth s ta t io n s .

The s ta t ionary  s a t e l l i t e  also is  unique in tha t the f i r s t  such s a te l l i t e  can provide 
esse n t ia l ly  uninterrupted service to earth s ta t ions  located w ith in  a th i rd  of the earth ’ s area.
The f i r s t  such s a t e l l i t e  might be placed at longitude 50°W over the delta of the Amazon River, from 
where i t  could be used from a l l  of South America, most of North America and y!estern Europe, a large
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part of A fr ica  and even from parts of Greenland and A n ta rc t ica .  A second such s a t e l l i t e  might la te r  
be placed over the Indian Ocean, thus covering a l l  of Europe and A f r ic a ,  plus'much of A s ia . Add- 
i t i o n a l  s a te l l i t e s  probably would be added to the s ta t ionary  o r b i t ,  as needed, u n t i l  they g ird le d  the
ea rth . Thus, in  t im e, most earth s ta t ions  could have access to  two or more s a t e l l i t e s ,  fo r  long
easter ly  or westerly routes.. For example, with only two s a te l l i t e s  at the loc t ions  mentioned above,
s ta t ions  in Europe and Western A fr ica  would have access to both and would have one-hop coverage of
about tw o-th irds  of the earth.

To maintain a s ta t ionary s a te l l i t e  in  a f a i r l y  precise pos i t ion  and to  maintain i t s  a t t i tu d e  
such that the antennae are always po inting towards the earth requires add it iona l complexity over a 
random unstab i l ized s a te l l i t e  which could reduce r e l i a b i l i t y .  A lso, launch vehicles having greater 
th ru s t  and more accurate guidance systems are required fo r  o rb i ta l  in je c t io n  than are necessary fo r  
low or intermediate a l t i tu d e  random o rb i t  systems. The extent of the problems, and the e f f o r t  re­
quired to  solve them, can only be determined as fu r th e r  experimentation is  carr ied  o u t .

4.4 Integrated s a t e l l i t e  systems

Since the development o f s a te l l i t e  systems w i l l  be an evo lu tionary process, i t  is  l i k e l y  
tha t more than one system or type of system, w i l l  be used opera t iona l ly  in  the world communication 
network, the e a r l ie r  systems being of r e la t i v e ly  simple design, and the la te r  ones of greater com­
p le x i t y ,  providing increased s a t e l l i t e  capacity and la rger numbers of earth s ta t ions  to accommodate 
expanding t r a f f i c  requirements. Furthermore, transmission considera tions, and in  p a r t ic u la r  the 
problem of transmission delay, may ind icate  a need fo r  both intermediate—a l t i tu d e  and s ta t iona ry  
s a te l l i t e  systems.

I t  i s  convenient to use the term "sub-systems" to  describe the ind iv idua l elements forming 
part of an in tegrated communication-sate ll ite  system. For example, a s ta t ionary  s a t e l l i t e  system might 
form one such sub-system, and an i ntermedi ate—a l t i  tude system a second sub-system.

I t  i s  considered des irab le , fo r  the fo l low ing  reasons, th a t  the various sub-systems be de­
veloped and established on a planned 3nd integrated basis:

to avoid mutual in terference between the sub-systems;

to achieve the maximum practicab le  degree o f  technical compatab il i ty  between sub-systems;

to  ensure in te rc o n n e c ta b i l i t y ,  both between the sub-systems and with t e r r e s t r ia l  t ra n s -
mi ssion systems;

to  ena.bTe the capacit ies of s a te l l i t e s  and earth s ta t ions  to be increased as the t r a f f i c
expands, with a minimum of add it iona l equipment at earth s ta t io n s ;

to avoid, as fa r  as possib le, obsolescence of earth s ta t ion  equipment and s a t e l l i t e s .
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The avoidance of mutual in te rfe rence between sub-systems w i l l  require a su itab le  choice of 
radio-frequency channel assignments on an in te rn a t io n a l ly  agreed bas is . .  I t  may also necessitate a 
se lect ion  of o rb i t  configura t ions to  mi n i mi ye s a te l l i t e  ec l ips ing d i f f i c u l t i e s .

A degree of technical com pa t ib i l i ty  between sub-systems would help to minimise the amount 
of equipment of d i f fe r e n t  designs required at earth sta t ions and avoi I equipment obsolescence. For 
example, steerable antennae provided to accommodate random s a te l l i t e s  or the l im i te d  range of azimuthal 
and e levation angles needed fo r  an. i ntermedi ate—a l t i  tude equatoria l o rb i t  s a t e l l i t e  system could also 
be used fo r  a s ta t ionary  s a te l l i t e  system. In another example, s a t e l l i t e s ' i h  d ifferent'sub-systems 
might use s im i la r  modulation cha rac te r is t ics  so that earth s ta t ion  t ransm it t ing  and receiving equip­

ments would be interchangeable.

The. in terconnection of communic-tjon s a te l l i t e  sub-systems with one another, and with 
t e r r e s t r ia l  transmission systems, w i l l  be fa c i l i t a te d  by compatible standards of transmission per­
formance and of baseband c h a ra c te r is t ic s ,  e .g .  o f  the video bandwidth fo r  te le v is io n  and the m u l t i ­
plexing arrangements fo r  multi-channel telephony and telegraphy.

A tten tion  w i l l  also be needed to the problem of accommodating t r a f f i c  growth and providing 
fo r  increased numbers of earth s ta t io n s ,  without invo lv ing obsolesence e i th e r  of earth s ta t ion equip­
ment or of s a t e l l i t e s .  In th is  connection there would be advantages in replacing sa te l l i te 's  which 
have fa i le d  by s a te l l i t e s  of increase’d capacity , but of compatible design, in the same o rb i t s .

5 .  Communication-satelli te systems in the in te rna t iona l telecommunication network

5.1 General Considerations

The expansion of the in te rna t iona l telecommunication network, on a world-wide basis is pro­
ceeding at a rapid pace. T e r re s t r ia l - ty p e  plant w i l l  provide fo r  th is  expansion during the next few 
years at present rates of growth. I t  is envisaged, however, tha t a sharp increase in these rates of 
growth is probable, p a r t ic u la r ly  with improved service and automatic operation of the telephone and 
telegraph c i r c u i t s .  The large blocks of i.nterna.ti.onal c i r c u i t s ,  which w i l l  be required, could be 
supplied by a communication-sate ll ite  system or systems. These w i l l  supplement the f a c i l i t i e s  already 
avai lab le  between major t r a f f i c  centres. In addit ion to the requirement fo r  large groups of trunks 
between major t r a f f i c  cen tres ,, . i t  is envisaged-that communication-satell ite systems w i l l  provide 
access to  remote points in the world having, re la t iv e ly  low t r a f f i c  dens ity . Such f a c i l i t i e s ,  i t  is 
hoped, w i l l  thus supplement the present HF radio network f a c i l i t i e s  and give a s ig n i f ic a n t  improve­
ment in the q u a l i ty  of serv.ice.

The C .C .I.T .T . w i l l  consider, at i ts  next Plenary Assembly at Moscow in' 1964, plans which 
have been developed fo r  a world-wide telephone network employing semi-automatic and automatic type 
operation. This involves a numbering plan, a routing plan and a transmission plan fo r  such world­
wide serv ice . The in te rna t iona l c i r c u i t s  required for the plan w i l l  jo in  together the national net­
works throughout the world in a global telecommunications network. Communication-satelli te systems 
could be an important con tr ibu to r  to these f a c i l i t i e s ,  p a r t ic u la r ly  fo r  the very long in te rna t iona l 
c i r c u i t s  between continents . At the same time the C .C .I.T .T . plan w i l l  set up'requirements and l im i ts  
which should be met by the communication-sate ll ite  f a c i l i t i e s  fo r  the world-wide serv ice.

^ C H / ^

U .I.T .
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I t  is  possible tha t the unique features of communication-sate ll ite  systems may suggest 
a l te rn a t iv e  arrangements of the world p lan . As presently envisaged by the C .C .I .T .T . th is  is  a 
h ierarchy of world switching centres through which t r a f f i c  is  routed to i t s  d e s t ina t ion .  Communication- 
s a t e l l i t e  systems could provide d irec t access to  widely separated points throughout the world, poss­
ib ly  by-passing many of these switching po in ts . However, i t  is  too ear ly  to estimate the s ign if icance  
o f suclr fac to rs  in the world routing plan, but they c lea r ly  w i l l  require study.

The estimates of the in te rna t iona l t r a f f i c  and i t s  ro u t in g ,  requested by the C.C.I.R. from 
the C .C . l .T .T ./C .C . I .R . Plan Committee, w i l l  provide a basis fo r  communication-sate ll ite  system planning.

5.2 Porformance of s a t e l l i t e  systems

A'large background of experience in telecommunications has been b u i l t  up throughout the 
world , based on te r r e s t r ia l  systems. This experience has been brought together and made ava i lab le  
through the consti tuent organs of the I.T .U . C irc u i ts  derived from communication-sate ll ite  systems 
should conform to  these recommendations so tha t they can be used in  in te rna t iona l  connections on a 
world-wide sca le .

While various types of c i r c u i t s  derived from te r r e s t r ia l  systems d i f f e r  considerably in  
th e i r  ch a ra c te r is t ic s ,  a fac t which is  recognized and accepted, the c i r c u i t s  derived from communication- 
s a t e l l i t e  systems w i l l  have some unique c h a ra c te r is t ic s .  These arise p r im a r i ly  from the great d is ­
tances traversed by the signals in going from earth to s a te l l i t e  and back to  e a r th .  The time delay 
involved in transmission v ia s a te l l i t e s  is  very la rge , compared to te r r e s t r ia l  systems, and in t r o ­
duces new and s ig n i f ic a n t  problems (see Report 214). I t  is  important to note tha t the problem does 
not arise to  any s ig n i f ic a n t  extent with one-way transmission systems such as are involved in p o in t -  
to -p o in t  te legraph, and facs im ile  serv ices . Performance ch a ra c te r is t ics  of s a te l l i te ,  c i r c u i t s  with 
respect to noise, transmission loss and s t a b i l i t y  are s im i la r  to  t e r r e s t r ia l  c i r c u i t s  and do not pre­
sent unusual problems.

5.3 Routing and mult ip le  access

The world routing plan of the C .C .I.T .T . fo r  telephony proposes a hierarchy of in te rna t iona l  
switching points through which t r a f f i c  is  routed to i t s  d e s t ina t ion .  These in te rna t iona l t r a f f i c  
centres (CT) are of three grades designated CT1, CT2, and CT3 re sp e c t ive ly .  The highest ranking centres 
(CT1 ) are completely interconnected by d i re c t  in te rna t iona l c i r c u i t s .  Since the number of CT1 centres 
w i l l  be small (possib ly  8-10), the c i r c u i t s  in ter-connecting them w i l l  be very long in te rcon t inen ta l  
f a c i l i t i e s .  Each CT1 w i l l  serve a region and w i l l  be connected to lower ranking CT2 centres. Since 
each CT1 region w i l l  be of continental proportions the c i r c u i t s  from CT2 to CT1 may be very long c i r ­
c u i ts  a lso .

Communication-satelli te systems w i l l  provide c i r c u i t s  of the length and in the quan t i ty  re­
quired fo r  the interconnection of major t r a f f i c  centres- such as CTl’ s .  It would also be’ expected tha t 
they could provide many of the CT2 to  CT1 c i r c u i t s , .  In addit ion to these basic c i r c u i t s ,  the rou t ing  
plan would include and encourage the provision o f  d i re c t  c i r c u i t s  between any two points having s u f f ic ie n t  
t r a f f i c  volume. These l a t t e r  c i r c u i t s  would by-pass some switching points and thus provide b e t te r  
se rv ice . Such d irec t c i r c u i t s  could also be provided-by-communication-sate ll i te  systems.
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The proposals which have been made fo r  communication-satell ite systems having m u lt ip le  
access and in te rc o n n e c t !b i l i t y  o f fe r  a very e f fe c t ive  means of obtaining c i r c u i t s  of the types in ­
dicated above. Such systems make i t  easier to j u s t i f y  di'rect c i r c u i t s  between po in ts of low t r a f f i c  
density  with consequent improvement in se rv ice . However, i t  is  im portan t ' to  note th a t ' th e  in te r ­
connect! b i l i t y  re ferred to simply provides d i re c t  p o in t- to -p o in t  c i r c u i t s ,  as required, in a more 
economical manner. .Communication-satel1i tes  are un l ike ly  to provide fo r  some time to come the com- 
p1 ex functions usually associated with a telephone switching apparatus such as a major t r a f f i c  centre 
(CT) would have.

6 .  Future developments

6.1 Present s ta te  of development

Since 1958 the technology of communTcation-satelli tes has been explored with pro jects in ­
volv ing ac t ive  s a te l l i t e  systems such as SCORE, COURIER, TELSTAR and RE LAY and those invo lv ing passive 
systems such as Echo I and West fo r d ; In add i t ion ,  a considerable amount of e f f o r t  has been devoted 
to s tud ies , space research p ro jec ts ,  and equipment development programmes which have contr ibuted to 
the advancement of communication-sate ll ite  technology. Since s a te l l i t e  communications'are, in e f fe c t ,  
another form of the broad area of communications, much of the technological advancement achieved by 
work in such areas as l in e -o f - s ig h t  rad io -re lay  and tropospheric sca tte r can be app l ied .

In general, the fo l lowing s ig n i f ic a n t  technical achievements have been demonstrated, e i th e r  
under actual environmental conditions or under simulated laboratory condit ions:

the a b i l i t y  to  launch and in je c t  useful payload weights i n to  precise c i r c u la r  or e l l i p t i c a l  
in c l in e d  o r b i t s ;

the a b i l i t y  to pass useful in formation bandwidths through communi ca tion—sate 111 t e s , in ­
c luding telephony, te legraphy, wideband data and te le v is io n ;

the a b i l i t y  to design and bu i ld  lo n g - l i f e ,  re l ia b le  components capable of withstanding the 
launch and o rb i ta l  environment, including l igh t-w e igh t h igh -e f f ic iency  radio frequency power 
a m p l i f ie rs  in  the frequency range up to 10 Gc/s and having a power output up to about 10 W;

the a b i l i t y  to design and bu i ld  large highly accurate antenna structures  capable of oper­
a t ion up to 10 Gc/s, and having the a b i l i t y  to automatica lly track s a te l l i t e s  with high
p re c is io n ;

the a b i l i t y  to  design and bu i ld  receivers having very low inherent noise in the frequency
range up to  10 Gc/s and beyond.
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6,2 Addit ional inform'a.tion required

While past work has adv-need the technology to the po in t where the f e a s i b i l i t y  of s a t e l l i t e
communication systems has been demonstrated, considerable work remains to be done to  assure the develop­
ment of an economic operational system, inc lud ing :

to obtain information on the loca t ion ,  type and strength of damaging radi;abion and i t s  var­
ia t io n  with t im e ;

to  fu r th e r  increase the l i f e  expectancy o f s a te l l i t e s  through c i r c u i t  design techniques, 
mechanical design improvements and component improvements;

to achieve re l ia b le  control and s ta b i l iz a t io n  of a t t i t u d e ;

to achieve re l ia b le  pos it iona l control in  o r b i t ;

to  develop accurate and re l ia b le  methods of launching m u lt ip le  s a te l l i t e s  with a s ingle
launch vehi c l e ;

to develop re l ia b le  methods of placing heavy pay-loads in to  prec ise , high equator ia l o r b i t s ;

to obtain information on the s ign if icance of time delay due to long transmission paths, and 
appropriate co rrec t ive  measures f o r  echo;

to  develop methods of c o n tro l l in g  the f low of information and the use of f a c i l i t i e s ,  
p a r t ic u la r ly  in  systems providing m u l t i - s ta t io n  access and in te rc o n n e c ta b i l i t y .

Other developments which would contr ibu te  to improvement of operational communication 
s a te l l i t e  systems inc lude:

-  . ion engines fo r  be tte r  a t t i t u d e -  and s ta t ion-keep ing, and poss ib ly ,  in je c t io n  in to  o r b i t ;  

nuclear power supp lies ; 

e le c t ro n ic a l ly  steerable antennae; 

radio frequency power a m p l i f ie r  improvement; 

i n t e r - s a t e l l i t e  re la y in g .  

b.3 General time scale

Much information on the above problems w i l l  be obtained during the course of experiments 
planned or being carr ied out at the present t im e . For example, the SYNCOM programme w i l l  explore 
means of placing pay-loads in to  synchronous equatoria l o rb i ts  and w i l l  u t i l i z e  spin s ta b i l i z a t io n  of 
the s a te l l i t e  while obtaining the advantages of a d i re c t ive  antenna. A d d i t io n a l ly ,  a number of 
s c i e n t i f i c  s a te l l i t e s  w i l l  be launched during the next two years to inves tigate  the rad ia t ion  problem.
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Generally speaking, i t  is  probable tha t developmental launches, as distinguished from 
experimental launches, designed to lead to an operational s a te l l i t e  communication system of the
random type or spin s ta b i l iz e d  s ta t ionary  type w i l l  not begin u n t i l  1965. Developmental launches
leading to f u l l y  s ta b i l ize d  s ta t ionary  or su i tab ly  phased sub-synchronous operational s a te l l i t e  
communication systems w i l l  probably not begin before 1967. At the present stage of development, 
any estimate of time scale is  h igh ly  dependent on such variables as technological break-throughs
and unforeseen development problems.
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REPORT 207*

ACTIVE COMMUNICATION SATELLITE EXPERIMENTS

Preliminary resu lts  of tes ts  and demonstrations 

(Question 235 (IV))

(Geneva, 1963)

1. in troduction

The active s a te l l i t e  TELSTAR, designed and constructed by the Bell Telephone Laboratories, 
was successfu l ly  launched by the United States National Aeronautics and Space Adm in is tra t ion  (N.A.S.A.), 
on 10 Ju ly , 1962. Three earth s ta t ions , s i tuated respect ive ly  at Andover (U .S.A.), Goonhilly Downs 
(United Kingdom), and Pleumeur Bcdou (France), took part in the f i r s t  transmission tes ts  v ia  th is  
s a t e l l i t e  and the s ta t ion  at Fucino ( I t a l y )  took part la te r .

Subsequently, N.A.S.A.'s active s a t e l l i t e  RELAY, b u i l t  fo r  them by R.C.A., was put in to  
o rb i t  on 13 December, 1962, when a fu r th e r  successful series of tes ts  was made in which the s ta t ions
at Nutley (U.S.A.) and Rio de Janeiro (B ra z i l )  took pa rt ,  in add it ion  to  the four already mentioned.

Although the resu lts  described in th is  Report were obtained with TELSTAR, s im i la r  resu lts  
were obtained w ith RELAY, commencing at the beginning of 1963, but they are not included in th is  
Report.

Other p ro jec ts , such as SYNCQM, are expected to  be carr ied  out in the near fu tu re .

2. The TELSTAR s a t e l l i t e ,  i t s  o rb i t ,  and the cooperating earth s ta t ions

2.1 The TELSTAR sate11i te

The TELSTAR s a te l l i t e  was launched in to  an e l l i p t i c a l  o rb i t  w ith a perigee of 950 km and an 
apogee cf 5700 km, the o rb i ta l  plane making an angle of about 45° w ith the equator ia l plane. The 
o rb i t  obtained is very close to the one planned.

Spherical in shape, and weighing about 80 kg, the s a t e l l i t e  receives frequency modulated
s ignals on about 4000 Mc/s and, a f te r  am p l i f ica t ion  and frequency-change, retransmits them at about 
6000 Mc/s with a power of about 2 watts . The antennae are omnid irectional around the spin ax is, 
with nu l ls  in the rad ia t ion  pattern along the ax is .  Two beacons, operating at 136 and 4080 Mc/s, are 
used to acquire and track the s a t e l l i t e .  The power supply is provided by so la r c e l ls  which cover the 
outer walls of the s a t e l l i t e .  In add it ion to the telecommunication te s ts ,  i t  has also been possible 
to  make measurements of a s c ie n t i f i c  nature concerning the space enviroment.

2.2 The Andover and Pleumeur Bodou earth s ta t ions

Each of these sta t ions has a steerable horn antenna weighing about 350 tons w ith a c i r c u la r  
aperture 20 m in diameter, protected by a weatherproof radome 65 m in diameter. The antenna has par­
t i c u la r l y  lew noise cha rac te r is t ics  and a very narrow beam. Each s ta t io n  is equipped fo r  a cqu is i t ion

* This Report, which was adopted unanimously has been brought to the a t ten t ion  o f  the Extraordinary 
Adm in istra tive Radio Conference, Geneva, 1963.



-  1 0 7  -

track ing  on 136 Mc/s and precis ion tracking on 4080 Mc/s. ..The-antenna--can be directe'd from separate 

track ing,antennae, from.computed predictions of s a t e l l i t e  path, by automatic t rack ing , or .by a 
combination of these methods.

2.3 Goonhilly earth s ta t ion

The Goonhilly antenna consists of a steerable parabolic  r e f le c to r  with a diameter of 25 m, 
the moving part weighing about 870 tons. The source of i l lum ina t ion  is  s i tuated in the plane of the 

• aperture and I t  i s  so designed as to ensure both good d i r e c t i v i t y  and good protect ion against noise.
The heavy, robust s truc tu re  of the antenna has made i t  possib le.to,d ispense with a radome, but i t
nevertheless can operate under, winds, of up to 100. km an hour. The steering of the antenna is  pro­
grammed from perforated tape, f ine  correction, of the. beam d irec t ion  being produced by movement of the
feed near the focus using the 4080 Mc/s beacon s ig n a l .

3 .  Summary of the re su l ts  obtained

3.1 Propagation and noise

The. s trength of the signal received is, close to  the calculated values. From the time of 
acqu is it ion .and  u n t i l .a n  .angle of. efovation of about 3° is, reached, the s ignal power f lu c tua tes  con­
s id e ra b ly ; :  f o r  angles of e levation .above about 5° operation- is  very s a t is fa c to ry  and s ta b le .

According to  the measurements made at Pleumeur Bodou, the equivalent te'mperature of the
system, measured at the zenith before and a f te r  each passage of the s a t e l l i t e ' i s ,  on average, 34UK.
In 90S of cases, i t  does not exceed 40°K and in 99S of cases i t  is  less than 80°K, dn good weather
the noise temperature, fo r  an e levation of 3°, is  2.5 db above the temperature.at the z e n i th .  Measure­
ments at Andover have shown s im i la r  re s u l ts .

3.2 Orbita l p red ic t ion  and track ing

The accuracy of the data supplied by the N.A.S.A. to  the various s ta t ions  has s tead i ly  
improved since the launching o f the s a te l l i t e  and is  now a few minutes o f a rc ;  i t  is  thus possible to 
programme, the s teer ing of an. antenna with a beam aperture of 10 minutes: of arc.. The au to-track ing 
systems of the Andover and Pleumer Baudou antennae have a steering accuracy of the order of one minute 
of a rc .

3.3 Modulation method

The tes ts  have confirmed the value of wide-deviation frequency modulation, the radio frequency 
bandwidth of the signal being about 20 Mc/s and the baseband about 5 Mc/s wide,

3 . 4 : Transmission tes ts

Telephony tests

; .H igh-capacity telephony tes ts  were made by loading the system with noise equivalent to 600 
channels,; ..in th is  way i t  was possible to measure the thermal and intermodulation noise of the 
system. The measurements showed tha t the performance of the system was.very s a t is fa c to ry  and 
revealed the advantages of pre-emphasis.



~  108 -

Thermal and intermodulation noise tes ts  were also made on a 12-channel two-way bas is .
These tes ts  were also sa t is fac to ry  and many subjective demonstrations have been carr ied  out.

In add i t ion ,  operation with a g rea t ly  s im p li f ied  earth s ta t ion  with a small antenna, 
providing a single telephone channel, has been demonstrated.

3.4.2 Televi si on tests

The te le v is io n  transmission tes ts  provided spectacular demonstrations. Shortly a f t e r  the 
s a t e l l i t e  went in to  o r b i t ,  te le v is io n  p ic tu res were transmitted and shown on the networks of the 
various countries taking part in the te s t s .  Numerous technical tes ts  were then made, giv ing 
proof of the exce l len t transmission performance of the c i r c u i t  f o r  te le v is io n  te s t  s ig n a ls .

Colour te le v is io n  tes ts  with the N.T.S.C. system were made from Goonhilly and Andover, these 

also gave sa t is fa c to ry  re s u l ts .

3* 4 Telegraphy and data transmission

Testshave been made with many d i f fe r e n t  low speed and high speed telegraph and data s igna ls .  
Here again, the transmissions were successfu l.  As an example, only one e r ro r  occurred in a data 
transmission at great speed (875,000 b its /second) las t ing  20 minutes ( i . e .  l'O® b i t s ) .

3 * 4 Phototel egraphy tests

Phototelegraph transmissions were successfu lly made and a study was carr ied out of the 
• e f fe c t  of va r ia t ions  in group delay.

3.5 S c ie n t i f i c  experiments

Apart from i t s  s t r i c t l y  telecommunication re s u l ts ,  TELSTAR has provided much s c ie n t i f i c  
data, such as :

measurement of proton and electron f luxes of various energ ies; these measurements gave
deta i led information on the s truc tu re  o f the inner Van Allen b e l t  and i t s  va r ia t io n  with
t i  me ;

measurement of the e f fe c t  of rad ia t ion  on so lar C a l l s ,  diodes and t ra n s is to rs  o f various
types protected by sh ie ld ing of d i f fe r e n t  th icknesses.

4. General conclusions

Tests with the experimental active  communication s a t e l l i t e  TELSTAR have shown tha t i t  is- 
capable of transm it t ing  the wide range o f types of signal th a t  are in common use and tha t the 
performance in a l l  cases approaches the appropriate in te rna t iona l standards.

The tests  have also shown the p o s s ib i l i t y  of accurate ly p red ic t ing  the pos i t ion  of a
s a t e l l i t e  and of s a t is fa c to ry  trscx ing  with very large antennae. At the experimental s ta t io n s ,  th is  
has been possible as soon as the s a te l l i t e  e levation  is  more than about 5 above the*ho r izon .



Although evidence as to the l i f e  of the" s a te l l i t e  is  necessari ly  incomplete, the de te r io ra t ion  
of the s a te l l i t e  power supply due to rad ia t ion  damage has remained w ith in  l im i ts  suggesting a l i f e  of 
two years or more.

More recent experiments with the s a te l l i t e  RELAY have confirmed the above conclusions. They 
have also made i t  possible to extend the scope of the tes ts  to a la rge r number of earth s ta t io n s ,  to a 
new frequency band (2000 Mc/s) and fo demonstrate fu r the r  the f e a s ib i l i t y  of medium-capacity earth 
s ta t io n s ,  using smaller antennae (some 10 m in diameter) and re la t i v e ly  low-cost earth s ta t ion  equipment
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ACTIVE COMMUNICATION-SATELLITE SYSTEMS FOR 

FREQUENCY-DIVI SI ON MULTIPLEX TELEPHONY AND MONOCHROME TELEVISION

Form of the basic hypothetical reference c i r c u i t  and 

allowable noise standards; video bandwidth 

and sound channel fo r  te le v is io n  

(Question 235 ( I V) )

(Geneva, 1963 )

Form o f the basic hypothetical reference c i r c u i t

As an aid to the designers of active communication-sate ll ite  systems i t  is  desirab le  to 
estab l ish  basic hypothetica l reference c i r c u i t s  and the allowable noise powers fo r  frequency-d iv is ion 
mult ip lex  telephony and monochrome te le v is io n .

I t  has been found possible to  recommend a common basic hypothetica l reference c i r c u i t  fo r  
both frequency d iv is io n  mult ip lex  telephony and monochrome te le v is io n ,  based on a single s a t e l l i t e  
l in k  (earth s tn t ion  -  s a t e l l i t e  -  earth s ta t io n )  (see Recommendation 352). In a r r iv in g  at th is  Re­
commendation, the fo l low ing factors  have been taken in to  account.

1 Active communication-sate ll ite  systems fo r  in te rcon t inen ta l  connections are l i k e l y  to use
o rb i ta l  heights in  the range from about 8000 to 36000 km, inc lud ing  the s ta t io n a r y - s a te l l i t e  system 
at an o rb i ta l  height of 36000 km. In these circumstances, the m a jo r i ty  of in te rcon t inen ta l  connections, 
both fo r  telephony and te le v is io n ,  could be made by a s ing le  s a t e l l i t e  l i n k ,  since i t  would be capable
of spanning g re a t -c i rc le  distances of up to at least 7500 km. However a global s a t e l l i t e  system w i l l
need to  span g re a t -c i rc le  distances of up to at least 25000 km fo r  a proportion o f in te rcon t inen ta l  
telephone connections, and fo r  some te le v is io n  connections. Since the s ta t ionary  s a t e l l i t e  system is  
l im ited  to a maximum g re a t -c i rc le  distance of about 17000 km, i t  may be desirable fo r  telephony to 
extend such a s a t e l l i t e  l in k  by te r r e s t r ia l  l in ks  to span the longer d is tances. With lower o rb i ta l  
he ights , e .g .  in  the range 8000 to 15000 km, two, or in some cases th ree , s a t e l l i t e  l in ks  in  tandem
may be needed to span g re a t -c i rc le  distances up to  25000 km. I t  is  to be noted that considerations of
transmission delay in telephony may require the se lect ion  of o rb i ta l  heights and number o f s a t e l l i t e  
l in k s ,  to reduce the delay to values acceptable to the users of long-distance connections.

* This Report, which was adopted Unanimously, has been brought to the a tten t ion  of the Extraordinary 
Administrative R->dio Conference, Geneva, 1 963 .
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1.2 , For te le v is io n ,  the transmission delay is  not. s ig n i f ic a n t  and transmission v ia  two s a te l l i t e
. l in k s  in  tandem at s ta t ionary  or intermediate o rb i ta l  height would be possible, and necessary fo r  the 

longer distances up to 25000 km.

2* Allowable noise standards

2.1 General considerations

It  is  c le a r ly  essential that the allowable noise standards fo r  act ive communication-satel1i te  
systems should be commensurate with' those adopted fo r  other long-distance transmission systems; in  th is  
connection the general p r inc ip les  established by the j o in t  C .C . l .T .T . /C .C . I .R .  Special Study Group C 
on c i r c u i t  noise fo r  telephony, and the C.M.T.T. fo r  long-distance te le v is io n  transmission are p a r t ic ­
u la r ly  re levan t.

However, there are certain, cha ra c te r is t ic s  of s a te l l i t e  communication systems which should 
be. mentioned.

The radio path length (earth to s a te l l i t e  to ea rth )  between any two'earth s ta t ions  w i l l  de­
pend on the s a t e l l i t e  o rb i t  employed, and may vary with t im e. However, in  any sp e c i f ic  communication- 
s a t e l l i t e  system, the v a r ia t io n  of the path loss between s a te l l i t e  and earth s ta t ion  w i l l  not exceed 
a few dec ibe ls , i r respec t ive  of the g re a t -c i rc le  distances between co-operating earth s ta t ions  or 
the pos i t ion  of the s a t e l l i t e  in  i t s  o rb i t  w ith in  the range of mutual v i s i b i l i t y  to the earth s ta t io n s .  
I t  may therefore  be concluded, tha t the noise performance w i l l  not vary by more t lnn  a few decibels 
with the distance between the earth s ta t io n s .  .

The l im i te d  experience thus fa r  ava i lab le  suggests tha t there is  comparatively l i t t l e  signal 
fading on communication s a t e l l i t e  l in ks  fo r  wave d irec t ions  exceeding a few degrees in  e levation and 
f o r  radio frequencies up to  at least 6 Gc/s. However, ra in ,  cloud, snow and s lee t may at times, cause 
the noise level to increase by several dec ibe ls , the increase being greater fo r  frequencies above 
about 6 Gc/s. Thus, the noise level at the output o f  a s a te l l i t e  l in k  w i l l  be stable and low most of 

. the t im e , with increases of a few decibels fo r  a small percentage of time, subject to a seasonal var­
i a t i o n .  Detailed and comprehensive experimental data o f noise performance are not yet a v a i la b le ;  fo r
th is  reason the allowable noise fo r  small percentages of time must be regarded as provis ional u n t i l
such data have been obtained. Furthermore the noise leve ls exceeded fo r  very small percentages of 
time (e .g . less than 0.2$ of the t im e) cannot be stated and require fu r th e r  study.

2.2 Allowable noise in  the basic hypothetical reference c i r c u i t ;  frequency-div is ion mult ip lex  telephony

The fo l low ing  po in ts ,  in addit ion to the general considerations mentioned above, have been 
taken in to  account when preparing Recommendation 353:

2.2.1 The maximum value of 10000 pW (psophometrica11y weighted) fo r  the mean noise in  any hour in 
any telephone c i r c u i t  of the basic hypothetical reference c i r c u i t  would correspond to  1.3 pW/km 
on a 7500 km g re a t -c i r c le  distance or 0.65 pW/km on a 15000 km g re a t -c i rc le  distance and would
thus compare favourably with other long-distance transmission media;
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2.2.2 the value of 80000 pill (psophometri cal Ty weighted) fo r  the one minute-mean value, exceeded
fo r  less than 0.2$ of any month, in  any telephone c i r c u i t  in the basic hypothetical reference 
c i r c u i t ,  is  based on Recommendation 287 fo r  l in e -o f - s ig h t  radio relay systems and allows fo r  the 
seasonal v a r ia t io n  of noise: however, th is  value must be regarded as provis ional u n t i l  add it iona l 
experimental data is  a v a i la b le ;

2.2.3 with two s a te l l i t e  l i n k s ' i n  tandem, such as may be required fo r  spanning g re a t -c i rc le  •
distances up to about 25000 km, the mean noise in any hour would be 20000 pill and the value of 
80000 pHI would be exceeded fo r  less than 2 x 0.2$ = 0.4$ of a month.

2.3 Allowable noise in the basic hypothetical reference c i r c u i t :  monochrome te le v is io n

Recommendation 421 ind icates th a t ,  fo r  a 2500 km hypothetical reference c i r c u i t  corresponding 
to  an in te rna t iona l te le v is io n  c i r c u i t  used fo r  the transmission of 625-l ine te le v is io n  signals in a 
5 Mc/s video bandwidth, the s ignal-to-weighted noise ra t io  should exceed 52 db fo r  a l l  except 1$ of the 
t im e, the signal being the peak-to-peak value (excluding synchronizing pu lses), and the noise being 
the weighted r .m .s .  value measured on an instrument with an e ffe c t ive  time constant in terms of power 
of one second.

For the basic Hypothetical reference c i r c u i t  fo r  active comm unication-sate ll ite  systems,
(see Recommendation 352), comprising a s ingle s a t e l l i t e  l i n k ,  i t  is  recommended th a t ,  fo r  625-l ine 
s ignals with a 5 Mc/s video bandwidth, an overa l l  s ignal-to-weighted noise r a t io  of 55 db be adopted 
(see Recommendation 354). The weighting fac to rs  f o r  uniform and t r ia n g u la r  spectrum random noise are 
given in Recommendation 421 fo r  various te le v is io n  systems.

With two s a te l l i t e  l in ks  in tandom, the signal-to-weighted noise ra t io  would then be 52 db.

3 . Video bandwidth in the basic hypothetical reference c i r c u i t

The fo l low ing points have been taken in to  account in  preparing a Recommendation on the nominal 
upper l im i t  of the video frequency band in an active  communication-satell ite system fo r  te le v is io n :

the video bandwidth should be adequate fo r  acceptable transmission of te le v is io n  s ignals up to
and includ ing 625-l ine standards;

the need, fo r  economic reasons, to provide a video bandwidth, no wider then is  s t r i c t l y
necessary;

the d e s i ra b i l i t y  tha t the width of the baseband fo r  te le v is io n  should be compatible with tha t
fo r  high capacity frequency-d iv is i  on m u lt ip lex  telephony.

Taking these factors  in to  account i t  i s  recommended that the nominal upper l im i t  of the video 
band in  the basin hypothetical reference c i r c u i t  fo r  monochrome te le v is io n  be 5 Mc/s. However, in view 
o f  the d e s i r a b i l i t y  of providing fo r  the future transmission of colour te le v is io n  s ignals with a chrom­
inance sub-carr ie r of about 4.43 Mc/s, i t  is  suggested tha t the designers of s a te l l i t e  communication
systems be-r in  mind the possible need fo r  a video bandwidth s l ig h t l y  wider than 5 Mc/s, e .g . o f 5.5
or even 6 Mc/s, should th is  be economically p rac t icab le .
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4. Simultaneous transmission of a sound channel and a te le v is io n  p ic tu re

To avoid excessive d i fferences in transmission.delay between a te le v is io n  p ic ture signal and 
the corresponding sound s.ignal, there w i l l  often be advantages in  t ransm itt ing  both over the same sat­
e l l i t e  l i n k .  In th is  event, a wider baseband may be needed, to accommodate the sound signal (e .g .  on 
a separate sub -ca rr ie r  in the baseband). A l te rn a t iv e ly ,  the sound signal might he transmitted by t ime- 
d iv is io n  m u lt ip lex  with the video signal e .g .  using the synchronizing pulses or the blanking in te rva ls  
without the need fo r  •? wider baseband. However, occasion may arise where the sound may be transmitted 
by some other means, e .g .  by submarine cable, a * land - l ine  c i r c u i t  or by another s a te l l i t e  or radio 
channel, and undesirable d iffe rences between sounj and p ic ture could a r is e .  The a tten tion  o f the 
C .M .TJ . is  drawn to  the problem, so tha t su itab le  values of the re la t iv e  transmission delay fo r  sound 
and p ic tu re  may be established (see Question 270 (C.M .T.T.) ) .
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COMMUNICATION-SATELLITE SYSTEMS 

FREQUENCY SHARING BETWEEN COMMUNICATION-SATELLITE 

SYSTEMS AND TERRESTRIAL.SERVICES 

(Question 235 ( I V )}

(Geneva, 1963 )

1. Introduction

I t  would appear that communication-satell ite systems may well require a very large amount of 
spectrum space to meet fu tu re  t r a f f i c  requirements. However, th a t  pnrt o f the radio frequency spectrum 
between about 1 and 10 Gc/s techn ica l ly  most su itab le  fo r  such systems is  already widely used fo r  te r ­
re s t r ia l  se rv ices. I t  fo l lows that the problem of f ind ing  s u f f ic ie n t  spectrum space fo r  communication- 
s a t e l l i t e  systems would be grea t ly  fa c i l i t a te d  i f  i t  were possible to share frequency bands with other 
compatible se rv ices . Such sharing would have to be based on mutually acceptable standards of p ro tect ion 
against in te rfe rence with some allowance fo r  fu tu re  developments in the services concerned.

The four basic c r i t e r i a  (a ,b ,c ,  and d, see F ig . 1 ) which determine the technical f e a s i b i l i t y  
of sharing frequencies between communication-sate ll ite  systems (both active and passive) and te r r e s t r ia l  
systems are as f o l 1ows:

(a) at a t e r r e s t r ia l  rece iver, the signals from the s a t e l l i t e  must not cause harmful in te rfe rence
to the te r r e s t r ia l  se rv ice ;

(b )  at a t e r r e s t r ia l  rece iver, the signals from s a te l l i t e s  earth s ta t ions  must not cause harmful
in terference to the t e r r e s t r ia l  se rv ice ;

(c )  at a s a t e l l i t e  system earth s ta t io n ,  s ignals from te r r e s t r ia l  s ta t ions  must not cause harmful
in terference to the reception of signals from s a t e l l i t e s ;

( d ) at a s a t e l l i t e  rece ive r ,  s ignals from te r r e s t r ia l  s ta t ions  must not cause harmful in terference
to the reception of signals from s a t e l l i t e  system earth s ta t io n s .

This Report discusses the p r inc ip les  upon which such frequency sharing could be based.

2. P r inc ip les  upon which frequency sharing could be based

2.1 Use of te chn ica l ly  su itab le  bands on a compatible basis

Examination of the frequency spectrum reveals th a t ,  considering the present state of the a r t ,
the most su itab le  frequencies fo r  f i r s t  generation communications-sate ll ite  systems l ie  between about 1
and 10 Gc/s. The use of frequencies above 10 Gc/s is  not precluded fo r  fu tu re  systems, but w i l l  depend
upon fu r th e r  study.

* This Report, which was adopts d unanimously has been brought to the a tten t ion  of the Extraordinary 
Admin is tra tive  Radio Conference, Geneva, 1963.
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FOUR CASES OF INTERFERENCE (a. b. c and d) WITH AN EARTH-SPACE COMMUNICATION AT AN ANGLE OF ELEVATION 
QUATRE CAS OE BR0UILLA6ES (a. b. c et d) DANS LES COMMUNICATIONS TERRE-ESPACE SOUS UN ANGLE O' ELEVATION 

CUATRQ CASQS DE INTERFERENCE (a. b T c .  d) EN LAS COMUNICACIONES TIERKA-ESPAC10 BA JO UN ANGULO OE ELEVACIQN

(a) Elevation -  Vue en elevation -  Vista en elevacibn
(b) Plan -  Vue en plan -  V ista en piano

s — 

i —

7s S

Wanted signal path -  T ra je t du signal u t i le  -  Trajecto de la serial deseada 

Unwanted signal path -  T ra je t du signal b ro u i l le u r  -  Trajecto de la serial in te r fe ren te

D irect ion of space s ta t ion  -  D irect ion de la s ta t ion  spaciale -  Direcci&n de la estacio'n
espacial

Earth s ta t ion  -  Station terr ienne -  Estaci6n terrena 

T e r re s t r ia l  system -  Systeme te r re s t re  -  Si sterna te r res tre .

Figure
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Within the range 1 to 10 Gc/s the va r ia t io n  of transmission loss , atmospheric noise and ab­
sorption ,cosm ic and ra in -no ise ,  and present techniques have led to suggestions,that frequencies be­
tween about 2 and 8 Gc/s may be used fo r  the sate 11i t e —to—earth path in some active systems. Since 
greater t ransm it te r  power w i l l  be available at the earth te rm ina l,  the earth—to—satel 1i t e  path could 
be operated between about 1 and 10 Gc/s.

Since s a te l l i t e s  un11 b e v i s ib le  over large portions of the earth ’ s surface, the frequencies 
chosen fo r  the communication-sate ll ite  service must be ava i lab le  for. sharing on a world-wide basis.

2.2 Basis of compatib i1i t y

The most su i tab le  frequencies fo r  sharing in the r~nge 1 to 10 Gc/s are those now employed 
by l in e -o f - s ig h t  rad io - re la y  systems in  the fixed se rv ice . As r e la t i v e ly  low radiated power is  em­
ployed with h igh ly  d i re c t iv e  antennae in such systems, the p ro b a b i l i ty  of In terference between the 
services w i l l  be at a mi nijum,. ■ Considerable co n tro l ,  as pointed out la te r , ,  .is possible in  th e -s i t in g  
of s ta t ions  fo r  e i th e r  o f  the sharing services so that in terference between earth and te r r e s t r ia l  
s ta t ions  can be minimized. Interference between s a t e l l i t e  s t - t io n s  and these te r re s t r ia l  s ta t ions may 
be m itigated by appropriate l im i ta t io n  o f  power leve ls  in  both serv ices.

A determination of whether sharing is  possible between two p a r t ic u la r  s ta t ions  depends on 
the fo l low ing fa c to rs :

2.2.1 the permissible in te r fe re n c e . , e i th e r  in a telephone or. in te lev is ion , channel, at the output 
of the rece iver subject to th is  in terference ;

2 .2 .2  . the r a t io  of the powers of the wanted signal and the unwanted s igna l,  at the input to the 
rece ive r ,  which w i l l  ju s t  re s u l t  in the permissible in terference a t ' th e  output of the re ce ive r ;

2.2.3 the power of the in te r fe r in g  t ra n sm it te r :

.2,2.4 the transmission less along the unwanted sign-1 propagation path, in c lu d in g -e f fe c t ive  antenna
ga in , and basic transmission le ss ;

2,2.5 the power of the wanted tra n sm it te r :

.. .2,2.6 ‘the transmission, less along the wanted signal propagation path, including e f fe c t ive  antenna

gains, and bas ic . t ransm iss ion . loss .

2.3 Adequate spacing and p ro tec t ion  of earth and te r r e s t r ia l  s ta t ions

This section describes appropriate methods fo r  s i t in g  earth and te r r e s t r ia l  s ta t ions  so as
to ensure:

th a t  s igna ls from the earth s ta t ion  w i l l  not cause harmful in te rfe rence to  the t e r r e s t r ia l
se rv ice ;

tha t s igna ls from te r r e s t r ia l  s ta t ion  w i l l  not cause harmful in terference to s ignals received 
at the earth s ta t ion  from the s a t e l l i t e .



These po ten t ia l in terference s i tua t ions  are cases b and c , respec t ive ly ,  as shown on F ig .  ] 
and i t  is  evident from th is  f igure  tha t the propagation path fo r  the unwanted signal w i l l  t y p ic a l ly  be 
a beyond-the—horizon path but may, in  certa in  s i tu a t io n s ,  be a l in e -o f - s ig h t  path. On the other hand, 
the propagation paths fo r  the wanted signals w i l l  always be l in e -o f - s ig h t  paths.

With the knowledge of the pert inent fa c to rs ,  i t  is  possible to determine fo r  a given set of 
conditions the necessary minimum spacing between an earth s ta t ion  and t e r r e s t r ia l  s ta t ions  sharing the 
same frequency band. In th is  respect i t  is  useful to define a coordination distance "representing" 
approximately the maximum range over which in te rfe rence might occur, in order that adm inis trat ions 
concerned with the establishment of earth s ta t ions  and te r r e s t r ia l  s ta t ions  w ith in  in terference range 
of one another may coordinate t h e i r  planning of such s ta t io n s .  Recommendation 359 covers th is  aspect 
and Annex I to th is  Report gives a method of ca lcu la t ing  th is  coord ination distance and afi ’ i l l u s t r a t i v e  
example.

.4 L im ita tion of communication-sate ll ite  and rad io -re lay  system tra n sm it te r  powers

The fo l low ing  discussion is  concerned with the l im i ta t io n  of communication-sate ll ite  and 
rad io -re lay  system transm it te r  powers necessary to avoid mutual in te rfe rence between systems oper­
ating in the range 1 to 10 Gc/s and conforming to the re levant Recommendations.

2.4.1 Active s a t e l l i t e  t ransm it te r

The permissible s a t e l l i t e  transm it te r power should be high enough to give reasonable froeooa 
to the designers of communication-satell ite systems to meet the performance requirements of such 
systems, but must not be so high as to degrade s ig n i f ic a n t l y  the performance of ex is t ing  or fu tu re  
l in e -o f - s ig h t  rad io -re lay  systems below that' of Recommendation 393. I t  can be shown th ^ t  a p rac t ica l  
l im i t  can be set'which meets both of these requirements.

However, a l im i ta t io n  expressed in terms of the s a t e l l i t e  t ransm it te r  power would Be incon­
venient due to the need to cover a range of a l t i tu d e s  and i t  is  considered preferable to define the
permissible power-flux ( in  lll/n^) produced gt the surface of the earth by a s a t e l l i t e .  This would
allow the use of la rger radiated powers in s a te l l i t e s  in the higher o rb i t s .

In the addit ion to the permissible power-f lux, i t  is  also desirable to define the permissible 
power f lu x  spectral density in ISI/m̂ per 4 kc/s in the normal bandwidth of a telephone channel. The
object of th is  requirement is  to p ro h ib i t  the concentration of radiated energy in to  a small f r e ­
quency band which could cause excessive in te r fe rence . A discussion of the re la t io n  between power 
f lu x  and in terference caused by i t  in  a rad io -re lay  system is  given in Annex II and provisional 
values fo r  the permissible power-flux are given in Recommendation 358.

2.4.2 Radio-relay system transm it te r

in considering in terference from rad io -re lay  t ransm it te rs  to reception in communication 
s a te l l i t e s  in any shared bands, the s i tu a t io n  is  the converse of that described in § 2 .4 .1 .  Thus, 
i t  is  necessary to allow s u f f ic ie n t  freedom to the designers to meet the performance requirements
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of these systems. On the other hand, the permissible:powers transmitted by .these systems of which 
there may. be very, many., must be not such as to in h ib i t  the achievable performance .of communication 
s a t e l l i t e s .

A discussion o f th is  problem is  given in Annex 3 and provis ional values fo r  permissible power 
and permissible e f fe c t iv e  radiated power of rad io -re lay  l in k  transm it te rs  is  given in Recommend­
ation 406.

2.5 Use of ca rr ie r.energy dispersal techniques

A substantia l reduction o f in te rfe rence between s a t e l l i t e  systems and rad io -re lay  systems 
sharing the same channel can be obtained by c a r r ie r  dispersal techniques. In a s a te l l i t e  system using 
frequency modulation, a large proportion of the radiated power may be concentrated at or near the radio 
c a r r ie r  frequency under ce rta in  modulation cond it ions, e .g . ,  when the loading by telephony signals is  
l i g h t ,  or when a te le v is io n  p ic ture wfcth large areas of the same brightness is  being transmitted...

‘Such’ concentration o f c a r r ie r  ene'rgy could fo r  example, severly l im i t  the permissible power 
to be radiated by s a t e l l i t e s .  Accord ingly, the app l ica t ion  of c a r r ie r  energy ‘dispersal techniques to 
comm unication-sate ll ite  systems using frequency modulation is  proposed in  Recommendation 358.

2.6 Use o f  RF channel in te r leav ing

The problem of se lecting su i tab le  ..sites fo r  s a te l l i t e  system earth s ta t ions  in re la t io n  to 
l in e -o f - s ig h t  rad io - re lay  system s ta t ions  could be eased by the use of RF channel in te r leav ing  in  the
two systems-, thus reducing the distance separation'between suc trs ta t i  ons needed to avoid mutual i n te r -----
ference. The f e a s i b i l i t y  o f th is  practice  should be studied in each p a r t ic u la r  case and i t  would be 
he lp fu l  in the frequency plans fo r  comunicati  on-satel l i t e  systems could provide p o s s ib i l i t ie s  fo r  such 
in te r le a v in g  taking account of the d i f f i c u l t i e s  a r is ing  from the fac t tha t frequency plans used by rad io ­
re lay systems are not uniform in a l l  regions o f the world. An example o f the advantage of such in te r ­
leaving i s  given in $ 3.4 of Annex.I.

2.7 Use of d i f fe re n t  po la r iza t ions

The p o s s ib i l i t i e s  of minimizing in te rfe rence between s a te l l i t e  systems and rad io-re lay  systems 
by use of d i f fe re n t  po la r iza t ions  appears to  be l im ited  to a maximum improvement o f about 3 db, in view 
of the general need to  use c i rc u la r  po la r iza t ion  in s a te l l i t e  communication systems.
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ANNEX I :

DERIVATION OF NECESSARY SEPARATION DISTANCES .BETWEEN 

' COMMUNICATION-SATELLITE- SYSTEM EARTH STATIONS AND 

LINE-OF-SIGHT RADIO-RELAY STATIONS SHARING THE SAME FREQUENCY BANDS

1. In Lroduction

The fo l low ing  discussion is  concerned with the s i t in g  of earth sta t ions in r e la t i  on .to ex i s t ­
ing and possible fu tu re  rad io -re lay  s ta t ions  in order to avoid mutual in te r fe re n ce . .

Spec if ic  decisions as to the s i t in g  of earth .stations.would need to  be the subject of agree­
ment between the admin is tra t ions concerned and a ffec ted . This Annex ou tl ines  the technical procedures 
involved in  determining

(a) the coordination d istance, i . e .  tha t distance w ith in  which mutual consultation may: be re­
quired ;

(b) the necessary separation distance between a given earth s ta t ion  and a given rad io -re lay
system s ta t i  on.

In eleterminTng the caordi,natTon and separati on di stances i t  cannot be necessarily assumed that 
a l l  rad io -re lay  systems w i11.conform to the recommendations of the C .C .I.R . as regards t h e i r  channell ing 
arrangements, Thus consideration is  given here te the most unfavourable co-channel in terference case, 
and also to the case of in te r le a v e d -s a te l l i te  and radio- system channels,

2 . Coordination distance

Recommendation 359 ou tl ines  ,the: procedure involved in determining.the coordination distance 
w ith in  .which in te rfe rence might occur.

The data to be used dn ca lcu la t ing  the coordination distance would include the known antenna 
gain and d i r e c t i v i t y ,  t ransm it te r  power and receiver s e n s i t i v i t y  of the .earth s ta t io n ,  and the maximum 
antenna gains, t ra n sm it te r  powers and rece iver s e n s i t i v i t ie s  l i k e l y  to be used by the rad io -re lay  sta­
t io n s .  The l im i ts  o f permissible in te rfe rence power set out in Recommendation 357, and the propagation 
data derived from measurements over typ ica l  land and sea paths and given in Report 239 of Study Group 
V, should be used.

3. Separation distance

Following the consultation procedure outl ined above, i t  w i l l  be necessary to assess more 
p rec ise ly  the p ro b a b i l i ty  of in terference to sp e c i f ic  s ta t ions  and thus to determine the f in a l  location 
of the earth s ta t io n .  A si mi la r  s i tu a t io n  ari se s'- in the provis ion of new rad io -re lay  s ta t ions  w ith in  
the coordination distance of an ex is t ing  earth s ta t io n .  The technical procedure fo r  ca lcu la t ing  the 
necessary separation distances between the s ta t ions  concerned is  discussed below.
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The data to be used in th is  ca lcu la t ion  include the loca tion  of the s ta t ion  concerned, the 
actual t ransm it te r  powers, antenna gains and rad ia t ion  patte rns, rece iver s e n s i t i v i t ie s  and operating 
frequencies, o f a l l  the rad io -re lay  s ta t ions  w ith in the coordination d istance, as supplied by the ad­
m in is t ra t ions  concerned. Furthermore, i t  would be necessary to use tropospheric wave propagation data 
obtained on, or predicted f o r ,  the actual paths, fo r  example taking in to  account any natural screening 
by h i l l s .  The percentage of time during which the earth s ta t ion  antenna would point in a given d i r ­
ec t ion , and the modulation conditions of the communication-sate ll ite  system and of the t e r r e s t r ia l  
rad io -re lay  system, should be taken in to  account in making a s ta t i s t i c a l  assessment of the in terference 
l i k e l y  to  occur in  each system.

3.1 Permissible in terference

The permissible in terference to the hypothetical reference c i r c u i t  of a rad io -re lay  system
is  given i n ' Recommend-tion 357. I t  is  necessary to recognise tha t more than one earth s t - t i o n ,  say
two, may in te r fe re  w ith in  a rad io -re lay  system of 2500 km, and tha t each earth s ta t ion  can in te r fe re
with more than one rad io -re lay  rece ive r, again two being taken as an example

The permissible in te rfe rence to the hypothetical reference c i r c u i t  of a communication-
s a t e l l i t e  system is  given in Recommendation 356. Here again i t  i s  necessary to recognise tha t more
than one rad io -re lay  t ransm it te r  might in te r fe re  with the earth s ta t ion  rece ive r .

3.2 Transfer ch a ra c te r is t ic

In a p a r t ic u la r  case of in te r fe rence , the ra t io  of wanted to unwanted ca rr ie rs  at the input 
of the receiver is  re lated to the ra t io  of the wanted to unwanted s ignals at, the output of the receiver 
by the t rans fe r  c h a ra c te r is t ic .

When both ca rr ie rs  are frequency modulated, the t ra n s fe r  c h a ra c te r is t ic  depends on the width 
of the baseband and the frequency deviation of both the in te r fe r in g  and in te r fe re d -w ith  c a r r ie rs ,  as 
well as the frequency d if ference between them, and the baseband frequency at which the in te rfe rence is
observed. Although baseband widths, frequency deviations and channell ing arrangements have been set
down in several C .C.I.R. recommendations fo r  rad io -re lay  systems, these fac to rs  have not yet been 
agreed upon fo r  communication-satell ite systems.

For th is  reason i t  is  possible to give only pre lim inary f igu res  fo r  the t ra n s fe r  character­
i s t i c s ,  based on the most unfavourable values that these factors  can be reasonably expected to have.*

* S p e c i f ica l ly  the assumptions are:

1200-channel s a t e l l i t e  system with an r .m .s .  frequency devia tion of 0.3 Mc/s ( l i g h t  loading ) 2.2 
Mc/s (narrow dev ia t ion )  or 6.8 Mc/s wide dev ia t ion , whichever gives the lower ( i . e .  most unfavourable) 
t ra n s fe r  c h a ra c te r is t i c ; the co-channel frequencies are ac tua l ly  s l i g h t l y  separated by an amount not 
greater than the highest baseband frequency of the system subject to in te r fe rence , so as to give the 
worst in terference ; the communication-sate ll ite  syste-m includes co rr ie r-energy  dispersal to the degree 

indicated by Recommendation 358. A more deta i led  account of t rans fe r  c h a ra c te r is t ic s  is  given i l i j  
of the re p o r t .
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Transfer ch a ra c te r is t ic  (db )

Co-channel Separated by ^ 1 0  Mc/s

Earth s ta t io n  in terference 
to rad io - re lay  system

with 960 channels 1 17

with 1800 channels -5 10

Radio-relay s ta t io n  
in te rfe rence to earth
s ta t io n  10 26

i t  is  now possible to ca lcu la te  the required ra t io  of wanted to unwonted ca rr ie rs  at the input 
to the in te r fe re d -w ith  rece ive r .  For example, a typ ica l  ca lcu la t ion  fo r  a communication-satell ite system 
earth station- in te r fe r in g  on a co-channel basis with a 960-channel rad io -re lay  system might be as fo l low s: 
(the ca lcu la t ion  is  re la ted  to the higher value of in terference noise permissible .for a very small per­
centage of time since th is  proves to  be the l im i t in g  case where tropospheric propagation is  concerned.)

Permissible noise is  hypothetical reference c i r c u i t  fo r  0.01$ of time (50000 pH 
psophometrical ly  weighted converted to a 4 kc/s bandwidth unweighted) -  40 dbmO

Allowance fo r  two in te r fe r in g  earth sta t ions -  3 db

Allowance fo r  two in te rfe rence en tr ies  per earth s ta t ion  -  3 db

Total allowance per in terference -  46 dbmO

Transfer ch a ra c te r is t ic  fo r  co-channel case 1 db

Maximum value of unwanted signal in  re la t io n  to  wanted signal at the receiver
inpu t ,  co-channel case -  45 db

S im i la r ly ,  by using the appropriate trans fe r  ch a ra c te r is t ic  of 17 db, the maxi mum value of 
unwanted signal in  re la t io n  to wanted signal fo r  the in terleaved case is  29 db.

3,3 Wanted and unwanted signal leve ls at the rece iver input

I t  is  necessary to recognise that d i f fe re n t  modes of transmission are involved:

the wanted signal at the earth s ta t ion  is re la t iv e ly  free from atmospheric fad ing , but may 
vary somewhat in  power in the case of moving s a t e l l i t e s ;

the wanted signal at the rad io -re lay  s ta t ion  is  subject to  atmospheric fading fo r  a small 
f ra c t io n  of the t ime, th is  f ra c t io n  having strong d iu rna l and annual v a r ia t io n s ;
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the unwanted signal at e i the r  the earth s ta t ion  or the rad io -re lay  s ta t ion  is  l i k e l y  to in ­
volve trans-horizon propagation, with continuous fading ~nd with an average power which 
varies d iu rn a l ly  and annually.

in ca lcu la t ions  of separation distance the known power ,of the wanted signal at the input to 
the rad io -re lay  rece iver w i l l  be used. For ca lcu la t ing  coordination distance, however, i t  may be nec­
essary to assume a reasonable minimum wanted signal power in  order to p rotect rad io -re lay  s ta t ions 
where exact parameters are not known.

I t  can be shown that receivers of rad io -re lay  systems meeting the re levant C .C .I.R . recommen­
dations w i l l  have input signals of -74 and -65 dbH fo r  systems of 960 and 1800 telephone channels re­
spec t ive ly ,  assuming that the noise temperature of the rad io - re lay  receivers is-700°K.

Thus, fo r  example, the maximum in te r fe r in g  signal at the input to the 9.6G-channel radi o- 
re lay receiver considered above can be calculated as fo l low s :

Co-channel

Maximum ra t io  of unwanted 
to  wanted signal -45 db

Wanted signal power -74 dblll

Maximum unwanted signal 
at rece iver input -119 dbW

In the case of the wanted signal at the input to the earth s ta t ion  rece ive r ,  ca lcu la t ions
using parameters consistent with the state of the a r t  expected in  the next few years ind ica te  that the
signal power is  not l i k e l y  to be less than -120 dbW. Taking th is  v-1ue, the maximum unwanted signal
at the input to the earth s ta t ion  receiver c^n be ca lculated by the same methods as those used above.

3.4 Determination of coordination and separation distances

The in te r fe r in g  signal at the input to the receiver is  determined by: 

the power of the in te r fe r in g  tra n sm it te r  

less the feeder loss to the antenna

plus the gain of the transm itt ing  antenna in the d irec t ion  of the rece iver subject to i n te r ­
ference

less the basic transmission loss over the path concerned

plus the gain of the receiving antenna in the d i rec t ion  of the in te r fe r in g  s ta t ion

less the feeder loss to the receiver

For s p e c i f ic  in terference ca lcu la t ions ,  a l l  the fac to rs  necessary to compute the transmission 
loss w i l l  be known. To determine the transmission loss associated with coordination d is tance, however,'
i t  w i l l  be necessary to assume certa in  rad io -re lay  parameters. For an in te r fe r in g  ra d io - re lay  s ta t io n ,
the f i r s t  three items above can be assumed to to ta l  +  55 dbW in accordance with Recommendation 406. For 
a rad io -re lay  s ta t ion  subject to in te r fe rence , the la s t  two items can be assumed to be 42 db, also

Interleaved
channel

-  29 db

-  74 dblll

-103 dbW
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consistent with the same Recommendation, At the earth s ta t io n ,  the transm it te r  power might be +  40 dblll, 
the feeder lo s s -can be assumed to  be n e g l ig ib le ,  and the antenna gain in the d irec t ion  o f the rad io -  
re lay s ta t ion  can, taking the worst case, be assumed to be -i- 10 db; in the fo l low ing example.

Continuing the OoO-^channel example discussed above,' the necessary transmission loss relevant 
to the determination of coordination and separation distances, may be computed'as fo l lo w s .  The worst,
i . e . ,  the co-channel case has been assumed in determining coordination distance, but both co-channel 
and interleaved cases'are treated in i l l u s t r a t in g  the ca lcu la t ion  o f separation distance

, Coordination 
distance Separation distance determination

determi nati on co-channel Interleaved channel

Earth s ta t ion  transm it te r  
power less feeder loss +  40 db'U +  40 dblll +  40 dbW

Earth s ta t ion  antenna gain +  10 db 0 db *(2 ) 0 d b *(2 )

I Radio-relay s ta t ion  antenna 
gai n 1 ess feeder 1oss 4- 42 d b 20 db 20 db (2 )

+  92 dblV + 60 dblll + 6 0  dbW

...Permissible .power o£ 
in te r fe r in g  signal at 
receiver input fo r  0 r01$

-  119 dblll: -  119 dbW -  10.3, db1#

of t i  me ■

Minimum permissible basic 
transmission loss to be 
exceeded fo r  a l l  but 0.01$ 
of t i  me

211 db 1 79 rib 163 db

Typical distance 500 km 200 km 115 km

* In ca lcu la t ing  separation d istance, i t  would generally  be appropriate to allow a lower antenna gain 
in the d i re c t io n  of the rad io -re lay  s ta t ion  fo r  the earth s ta t io n .  In some cases, fo r  example, the 
earth s ta t ion  antenna may always operate in  a d i re c t io n  well removed from that of the rad io -re lay  
s ta t io n .  In th is  example, i t  is  assumed that the average gain in  the d i rec t ion  of the rad io -re lay  
s ta t ion  is  0 db, the s ta t i s t i c a l  va r ia t ions  of the actual value being ignored in re la t io n  to the 
la rger s t a t i s t i c a l  va r ia t ions  of transmission loss over the in te r fe r in g  path.

In th is  example, i t  is  assumed that the antennae of the p a r t ic u la r  rad io -re lay  s ta t ion  are d irected 

some 5° away from the d i re c t io n  of the earth s ta t io n .
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The coordination distance shown in the Table may be determined by reference to tropospheric 
propagation curves given in Report 243. These show th a t ,  fo r  overland propagation, the basic t rans­
mission loss exceeded fo r  a l l  but 0.01$ of the time is  500 kilometres which thus would be the coordina­
t io n  distance in the case considered fo r  possible in terference from the earth s ta t ion  to rad io -re lay  
s ta t io n s .  Where oversea propagation or propagation in non-temperate regions of the earth is  concerned, 
Report 244 should be used where appropriate.

The separation distances shorn in the Table are s im i la r ly  calculated e i th e r  by using the same 
data o r,  i f  measurements or more appropriate p red ic t ion  methods are ava i lab le  fo r  the p a r t ic u la r  path 
p ro f i le  and climate involved, by these more precise methods, e .g . Report 244. In p a r t ic u la r ,  account 
would need to be taken of any local screening near the earth s ta t ion  which would appreciably reduce the 
separation d is tance. In the examples here taken, which do not assume local screening and which use the 
propagation data of Report 243, the minimum separation distances fo r  in te rfe rence from earth s ta t ion  to 
rad io -re lay  s ta t ion  become 200 km (co-channel) and 115 km (in ter leaved channel ). I f ,  by l o iH  screening, 
increased antenna d isc r im ina t ion ,  or other means, an improvement o f ,  say, 20 db is  obtained, the separation 
distances become about 100 km (co-channel ) and less than 50 km (in ter leaved channel ).

The examples taken have referred la rge ly  to in te rfe rence from the earth s ta t ion  to rad io -re lay  
s ta t io n s .  I t  w i l l ,  of course, be necessary to  determine coordination and separation distances also fo r  
the reverse case of in terference from rad io -re lay  s ta t ions  to the e r th  s ta t ion  and these may be la rger 
or smaller than those here derived, depending upon the s ta t ion  parameters invo lved. The technical pro­
cedure involved w i l l  be evident from the preceding d iscussion.

In applying any coordination procedure and in  f i n a l l y  determining the location of a new earth 
s ta t ion  or rad io -re lay  s ta t io n ,  i t  w i l l  be appropriate to employ the greater of the coordination and 
separation distances fo r  the two d irec t ions  of in te r fe rence .
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I

RELATIONSHIP BETWEEN PERMISSIBLE POWER FLUX AT THE SURFACE OF THE EARTH 

SURFACE AND THE RESULTING INTERFERENCE IN A TELEPHONE 

CHANNEL ON THE HYPOTHETICAL REFERENCE CIRCUIT OF A

RADIO RELAY SYSTEM

1. Introducti on

The fo l low ing  considerations are intended to explain how the permissible power f lu x  as specif ied
. . in Recommendation 358 is  re la ted to that permissible in rad io -re lay  systems by communication-satell ite 

systems.

The assumptions taken as bases fo r  the ca lcu la t ion  are the fo l low ing :

1.1 The in te rfe rence is  assumed to consist of a uniform spectrum noise producing -  149 dbW/m^ per
4 kc/s bandwidth power, f lu x  ~t the surface of the earth , as given in Recommendation 358.

1.2 The noise f igu re  o f the rad io -re lay  receiver is  4 db taking in to  account the current develop­
ment trend to lower rece iver fioi se f ig u re s .

1.3 The antennae of the rad io -re lay  system have an e ffe c t ive  area of 10 m^. This corresponds'to
43 db gain at 4000 Mc/s and assumes a bigger aer ia l than those normally used on radio re lay systems,
where the average antennae employed have an e f fe c t iv e  area o f about 5m corresponding to about 40 db
gain at 4 Gc/s.

2. The noise power at the rece iver  input produced by a given f lu x  spectral density w ith in  the beam of 

the receivinc

2
2.1 The in te r fe r in g  power f lu x  of -149 dbl!!/m per 4 kc/s bandwidth is converted by an antenna

of 10ni  ̂ e f fe c t iv e  area to a power of -139 dbfl/4 kc /s .  This power is  reduced 3 db by the fa c t  that 
s a t e l l i t e  systems use c i r c u la r  po la r iza t ion  whereas l in e a r  po la r iza t ion  is  usually employed by radio 
re lay  systems. A fu r th e r  reduction of 3 db is  produced by the feeder loss and radio-frequency 
f i l t e r s  before the rece iver mixer* Hence, the power f lu x  o f -149 db'l/m^ per 4 kc/s bandwidth, under 
the assumptions made, is  converted to a power of -145 IbW/4 kc/s at the receiver in p u t .

2.2 The noise power produced by a receiver with a 4 db noise f igu re  in  a 4 kc/s band is
-164 dblll/4 k c /s .  That is  19 db below the -145 db?l/4 kc/s generated by the power f l u x .  With an 
antenna of 5 m̂  e f fe c t iv e  area the in te r fe r in g  power is  only -148 db!V/4 kc/s and the r a t io  16 db.
In case of a 10 db rece iver noise f ig u re  which most rad io -re lay  systems of today are using the ra t io  
reduces to 10 db.

2.3 Radio relay systems designed in accordance with Recommendation 393, can be subject to
about 40 db fading before 47500 pW one-minute mean noise power are exceeded in a telephone channel. 
This means without fading the thermal noise per radio section is  in the order o f 5 to  10 p!!l in the 
telephone channel. The 19 db de te r io ra t ion  of the receiver noise f igu re  cause:! by the in terference
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brings th is  up to something between 400 and 800 pill noise power in a telephone channel of the rather 
sens i t ive  rad io -re lay  system considered. Appreciably less in te rfe rence noise is  generated in most 
ex is t ing  rad io -re lay  systems. The f ig u re  o f 400 to 800 pW compares favourably with the 1000 pW given 
as the upper permissible in terference l im i t  in Recommendation 357.

3 . P robab il i ty  of a s a te l l i t e  being w ith in the beam of the receiv ing antenna of a l in e -o f - s ig h t  rad io -  
re lay system

Studies of th is  problem have been made by the Administrations of the U.S.A., the U.K. and 
Canada (Docs. Nos. 53, 54, 116, 244, of Geneva, 1963), From these studies i t  fo l lows tha t in  a rad io­
re lay system comprising about 50 s ta t ions and corresponding in length to the 2500 km hypothetical re ­
ference c i r c u i t  the p ro b a b i l i ty  is  less than 10$ than a system o f 20 co-channel s a te l l i t e s  a f fe c ts  one 
of these s ta t io n s .  The 10$ f igu re  corresponds to the most unfavourable assumptions. The p ro b a b i l i ty  
tha t two or more rad io -re lay  s ta t ions  are a ffected simultaneously seems to  be considerably less than 
1$ under worst assumptions.

This means tha t the power f lu x  as spec if ied  in  Recommendation 358 gives s a t is fa c to ry  p rotection 
to  rad io -re lay  systems and ensures tha t the provis ional in te rfe rence l im i ts  as given in Recommendation 
357 are un l ike ly  to be reached even i f  a very sens it ive  rad io -re lay  system with low noise f ig u re  is  
concerned.
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.ANNEX 3

LIMITATION OF THE EFFECTIVE RADIATED POlER OF ; 

RADIO-RELAY SYSTEMS SHARING THE SAME FREQUENCY BANDS 

'KITH COMMUNICATION-SATELLITE SYSTEMS

In order to make frequency sharing feas ib le  between communication-satel l i t e  systems and 
rad io -re lay  systems i t  is  necessary, among other measures, to impose a l im i ta t io n  on the e f fe c t ive  
radiated powers of l in e -o f - s ig h t  radio re lay systems. This would make i t  possible to avoid undue in ­
terference- occurring with the s a t e l l i t e  system and p a r t ic u la r ly  in to  s a te l l i t e  rece ive rs .  Recommenda­
t io n  406 sets the upper l im i t  of power from a rad io -re lay  transm it te r  and i t s  associated antennae at 
55 dbW and i t  has to be shown th a t  with th is  l im i t  undue in terference in to  a s a t e l l i t e  rece iver would 
be avoided.

The e f fe c t ive  radiated powers o f communication-satell ite earth s ta t ions  are expected to be 
o f the order of 95 dbW and no need is  foreseen to increase th is  power appreciably. The ra t io  of the 
power radiated from an earth s ta t ion  to that radiated from a rad io -re lay  s ta t ion  is  thus 40 db.

The in te rfe rence  noise power appearing in a telephone channel o f a communication-satell ite 
system due to in te rfe rence at a s a t e l l i t e  when i t  is  w ith in  the beam of a rad io -re lay  s ta t ion  antennae 
may now be derived as fo l low s :

E . r .p .  of Earth s ta t ion  +  95 dbl1

E . r .p .  of rad io -re lay  sta t ions
producing unwanted signal +  55 dbi

Allowance fo r  c ross -po la r iza t ion
of wanted and unwanted signals 3 db

Resulting ra t io  of wanted-to- 
unwanted signals at s a te l l i t e  receiver
input 43 db

Transfer cha ra c te r is t ic s  fo r  co-channel 
frequency modulation case (see Annex I)
assuming c a r r ie r  energy dispersion 10 db

Result ing ra t io  of wanted to 
unwanted signals in 4 kc/s band
at rece iver output 53 db

Allowance fo r  3.1 kc/s channel and
psophometric weighting 3 db

Resulting in te rfe rence noise power 
in telephone channel 2500 pW
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From the studies mentioned in  Annex 2 i t  fo l lows that f u l l  co-channel in te rfe rence from any 
one of several hundred rad io -re lay  s ta t ions  beaming d i r e c t l y  at any s a te l l i t e  would occur, in  the most 
unfavourable case fo r  less than 10$ of the t im e. The p ro b a b i l i ty  of in te rfe rence from rad io - re lay  
systems generally i s  much lower than t h i s .  I t  may be concluded th a t  the f u l l  "in-beam" in terferences 
to  a s a te l l i t e  o f a communication-satell ite system w i l l  probably occur fo r  appreciably less th^n 20$ of the 
t im e . Thus, fo r  ra ther less than 20$ of the time the level of noise may r is e  by up to some 2500 pli! 
due to in te rfe rence from a large number o f rad io -re lay  s ta t ions  to a s a t e l l i t e  rece ive r .  The fa c t  
tha t very many rad io -re lay  systems use e . r . p . ’ s lower than +55  dbW w i l l  provide a margin o f s a fe ty .



-  1 31  -

REPORT 210*

FREQUENCY SHARING WITHIN AND BETWEEN 

COMMUNICATION-SATELLITE SYSTEMS 

(Question 235(IV) and Study Programme 235 C( IV))

(Geneva, 1963 )

The extent to which the same frequencies may be used, without causing harmful in te r fe rence , 
by d i f fe re n t  s a te l l i t e s  w ith in  the same communication-sate ll ite  system, and by d i f fe re n t  systems of 
communication s a t e l l i t e s ,  i s  a subject of considerable importance, bearing as i t  does on the e f f i c ie n t  
use .of the frequency spectrum O ?  •

At th is  time i t  is  possible only to provide some pre lim inary and provis ional guidance in the 
matter and i t  is  c lea r tha t a considerable amount of fu r th e r  study w i l l  be required to reach d e f in i te  
conclusions. Such study as has so fa r  been made suggests:

1. The increasing p ro b a b i l i ty  of eclipse in te rfe rence with increasing numbers of s a te l l i t e s  w i l l
in  due .course l im i t  the number .of s a te l l i t e s  that could use a given frequency channel .

2 . The rad ia t ion  pattern of earth s ta t ion  antennae w i l l  be a v i t a l  fa c to r  in determining the
angular extent, of eclipse in te r fe re n ce . Rela t ive ly  high gain antennae; witn very well-suppressed 
side-1 obes w i l l  be needed to  prevent the in terference beamwidttrfrom being excessive-.

,3 .  ; S tat ionary s a te l l i t e s  may share frequencies but the usable number of co-channel s a te l l i t e s
w i l l  be l im i te d ,  the precise l im i t  depending upon the system ch a ra c te r is t ic s ,  e .g . the modulation 
method employed and the rad ia t ion  patterns of the antennae used.

4. A s a t e l l i t e  system using station-keeping s a te l l i t e s  may be able to  share frequencies with
a s im i la r  s a t e l l i t e  system using the same o rb i t  but th is  would only be possible i f  precise s ta t io n -  
keeping of the two systems is  employed.

5. independent random o rb i t  systems may be able to share frequencies, b u t ' th is  would 'involve
the exchange and use of complete o rb i ta l  information by the operating agencies concerned.

6. P o s s ib i l i t i e s  ex is t  th a t ,  with appropriate safeguards, systems in d i f fe re n t  types of o rb i t
might be able to share common frequency channels, but th is  subject needs fu r th e r  study.
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* This Report, which was adopted unanimously has been brought to the a tten t ion  of the Extraordinary 
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REPORT 211*

ACTIVE COMMUNICATION-SATELLITE SYSTEMS

A comparative study of possible methods of modulation 

(Question 235(!V) and Study Programme 235 D(IV))

(Geneva, 1963

,1. Introduction

Severa l ' fac tors  enter in to  the choice o f a method of modulation for, ac t ive  communication- 
s a t e l l i t e  systems, some of them being of p a r t ic u la r  s ig n i f ic a n c e . in  regard to  one d i re c t io n  of trans­
mission on ly .  The modulation techniques used may not be the same fo r  both d irec t ions  of transmission.
The most; important aspects to  be considered in th is  comparison are as fo l low s :

the radio-frequency transm it te r  power (p a r t ic u la r ly  in the s a t e l l i t e )  needed to give acceptable 
s igna l- to -no ise  ra t io  performance;

bandwidth requirements in  re la t io n  to the t r a f f i c  capacity to be accommodated, i . e . ,  the
comparative economy in use of the radio frequency spectrum;

the s y s te m . f le x ib i l i t y ,  p a r t ic u la r ly  in regard to the manner by which provis ion can be made 
fo r  m u l t i -s ta t io n  access to the system;

s u s c e p t ib i l i t y  to cause in te rfe rence to ,  or to receive in te rfe rence  from, systems sharing the 
same frequency bands;

operational r e l i a b i l i t y ;  pract icab i l i ty  in the l igh t of current, and probable future technology.

The present study is  concerned p r im a r i ly  with multi-channel telephony systems and in  th is  
case three d i s t i n c t l y  separate methods of modulation appear at th is  stage to warrant deta i led  consider­
a t io n .  These are:

frequency-div is ion mult ip lex with frequency-modulation of the c a r r ie r  (FM);

frequency-d iv is ion mult ip lex with single-sideband amplitude modulation of the. c a r r ie r  (SS8);

* This Report, which was adopted unanimously, has been brought to the a t te n t io n  of the Extraordinary 
Adm in istra tive Radio Conference, Geneva, 1963,
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pulse-code modulation (PCM) with ves t ig ia l  phase modulation of the c a r r i e r .

These are the three basic methods here compared, but i t  should be borne in mind that each 
method may have var iants which are not here considered* a study of these var iants i s not expected great­
ly to a f fec t  the conclusions reached. For convenience, the three methods of modu1 at i  on wi11 be referred 
to as FM, SSB and PCM respec t i ve ly .

2.  Assumptions made and l im i ta t io n s  involved in the comparison

Certain r e s t r i c t i o n s  are necessary in a study of th i s  nature in the in teres ts  of  conciseness. 
Nevertheless, so long as the re s t r i c t i o n s  are sui tably  chosen and c lear l y  borne in mind, useful con­
clusions can be drawn.

To provide a reasonably broad basis of comparison fo r  the three modulation methods, systems 
have been considered fo r  various speci f ied numbers of telephone channels in both upward and downward 
d i rec t ions  of t ransmission.  For high-capaci ty earth stat ions (e .g .  those providing blocks of 120 
channels) an antenna aperture equivalent to that  of  a paraboloida 1 dish r e f le c t o r  of 26 m diameter has 
been assumed, and an equivalent noise input temperature of 40°K. For low-capaci ty earth s t - t i o ns  (e .g .  
those providing blocks of 24 channels) an antenna aperturo of 9 m diameter and a system noise input 
temperature of  70°K have been assumed.

The s a t e l l i t e  receiver  equivalent noise temperature i s  taken as 3000°K in a l l  cases.

For each of the three methods of modulat ion, the fol lowing numbers of channels have been 
taken as examples:

Di rect ion of transmission Number of channels

Sa te l l i t e  tc  earth 
(per system)

1200 
. 240 ' 

120

Earth to sa te l 1i te  
(per s ta t ion)

1200
120
24

The assumptions made and l im i t a t io ns  involved in th i s  study are as fo l l ows :
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2.1 Detai led calculat ions re fe r  to the case of mul t ichannel telephony only .  1200 telephone 
channels have been assumed as t yp ical  of  the maximum capaci ty l i k e l y  to be associated with one wide­
band radio frequency channel u n t i 1 the demand fo r  s a t e l l i t e  communications exceeds present fo recas ts .  
For the va r ious1modulation systems considered i t  can, however, be shown that i f  the s ignal - to-no ise  
r a t i o  requirements are met fo r  th i s  mult i -channel telephony case, they can also be met fo r  the case of 
625- l ine monochrome te l e v i s io n .

2.2 The assumed performance requi red,  in terms cf  overal l  s ignal - to-no ise r a t i o ,  is that  given,
in Recommendation 353. This al lows a noise power at a point of  zero r e l a t i v e  level  in any telephone 
channel in each e a r t h -s a te l l i t s - e a r t h  section of a s a t e l l i t e  communication system of 10000 pll psopho- 
met r i ca l l y  weighted mean in any hour. For the purpose of the present study 8000 pfl i s  assumed to
ar ise in the s a t e l l i t e - t o - e a r t h  l i n k  and 1% of th i s  noise i s  assumed to be of  thermal o r i g i n ,  i . e . ,
that  part not due to intermodulat ion or inter ference.  The corresponding signal - to- thermel  noise r a t i o  
in a telephone channel, taking the s a t e l l i t e - t o - e a r t h  l i nk  alone, i s 50 db unweighted. For the ear th-
t o - s a t e l l i t e  l i n k ,  the corresponding signal—to-thermal noise ra t io  i s 56 db unweighted.

2.3 A radio frequency channel. bandwidth not exceeding. 50 Mc/s has been assumed in the : case of
each system considered. Given th is  maximum bandwidth and the performance requirements stated in  para.
2.2 above, i t  i s  possible to compare the probable t r a f f i c  capaci t ies of the three systems.

2.4 A transmission frequency in the 4 Gc/s band has been assumed in the calcu la t ions of path
a t tenua t ion.  However, since a f ixed s a t e l l i t e  antenna gain has been assumed fo r  each of the o rb i t s  
considered, the quest ion 'of  frequency does not enter as a primary fac to r  in the f i na l  r e s u l t .  The 
comparison i s ,  therefore ,  va l id  over a re l a t i v e ly  large frequency range wi thin the 1 Gc/s to 10 Gc/s 
part  of the spectrum.

2.5 For the purposes of comparison, three d i f f e r e n t  s a t e l l i t e  o rb i ta l  heights have been considered,
v iz :  a low a l t i t u d e  s a t e l l i t e  at  3000 km, a medium a l t i t u d e  s a t e l l i t e  at 10000 km, and a synchronous 
o rb i t  s a t e l l i t e  at 36000 km. I t  i s  appreciated that  the a l t i t u d e  of 3000 km is  lower than any that  are 
l i k e l y  to be used f o r  act ive communicat ion-satel l i te systems but c - l cu la t ion s  fo r  th i s  a l t i t u d e  have 
been included here fo r  completeness of the comparison, in a l l  cases, s a t e l l i t e  a t t i t u de  s t a b i l i z a t i o n  
has been assumed, thus permi t t ing the assumption of antenna gain at the s a t e l l i t e  s u f f i c i e n t  to give 
a rad ia t ion pattern covering the v i s ib le  part of the ea r th .  These assumptions are thus immediately 
appl icable to s a t e l l i t e s  in c i r c u la r  o r b i t s ,  but al low the resul ts  also to be appl ied with cer tain 
changes to e l l i p t i c a l  o r b i t s .  They are equal ly appl icable to equator ia l ,  obl ique or polar  o r b i t s ,  but 
of  course, the 36000 km a l t i t u d e  o rb i t  has par t i cu la r  s igni f i cance  only f o r  the equator ial  case.

For the assumed s a t e l l i t e  o rb i ta l  heights,  there are re lated values of  path at tenuat ion,  
s a t e l l i t e  antenna gain and system transmission loss.  These values which have been used in the system 
performance ca lcu la t ions ,  are summarized in Table I .



-  1 35 -

TABLE 1

Transmission loss,  antenna gains and beamwidths at 4 Gc/s

S a te l l i t e  o rb i ta l  height (km) 3000 10000 36000

Maxi mum slant  range (km ) 6300 14500 41300
At tenuat ion at max, s lant
range (db) 180.5 187.7 196.8
S a t e l l i t e  antenna beamwidth (deg) 91.4 51.8 23.3

S a t e l l i t e  antenna gain (db) 5.2 10 16.8

High-capaci ty systems

Earth s ta t ion antenna gain (db) 58 58 58
System transmission loss (db ) 117.3 119.7 122.0

Low-capacity systems

Earth s tat ion antenna gain (db ) 50 50 50
System transmission less (db ) 125.3 127.7 130.0

I t  should be noted that  the s a t e l l i t e  and earth s ta t ion  t ransmi t te r  powers given in  the f o l l ­
owing sect ions represent the minimum powers th e o r e t i c a l l y  necessary; in p ract i ce ,  some increase of 
power may be requi red,  e .g .  to al low fo r  absorpt ion and addi t i onal  noise due to ra i n .

2,6 I t  should also be noted that  the deta i led calculat ions herein do not include numerical con­
s idera t ion  of  the use of compandors on telephone c i r c u i t s .  However, the possible use of compandors is 
mentioned at appropr iate po in ts , . where compandofed operat ion may be of special bene f i t ,  or where the 
use of  compandors c lear ly  seems to be undesirable.

In th i s  connection i t  may be noted that the C.C. I .T.T,  Recommendations (G.152 of Red Book,
Vol .  I l l )  recognize the use of compan lors on some nat ional  and in ternat ional  c i r c u i t s .  However the
C.C. I .T .T .  i s  studying, fo r  use of i ntercon t inen ta l  telephone c i r c u i t s ,  compandors with be t te r  per­
formance than those speci f i ed in Recommendation G.152. When using such improved compandors the noise 
allowance fo r  the corresponding c i r c u i t s  may be raised to a cer tain extent which has s t i l l  to be de­
termined by C .C. I .T.T.  taking in t o  considerat ion both the transmission of speech ̂ nd telephone s ig­
n a l l i n g .  The use of compandors impl ies demodulation to audio frequencies at some point  in the t e l ­
ephone network where both echo suppressors and compandors might be used. For other serv ices,  e.g.  
telegraphy,  compandors o f fe r  no ' -enef i t ,  and may even degrade serv ice.  In the case of telephone
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c i r c u i t s  used fo r  the transmission of telegraphy a guide to the desired noise performance i s  given in 
Doc. No. 161 para, (a) 2.4.  Obviously, these re la t i ve  advantages and disadvantages must be care fu l l y  
weighed when considering the potent ia l  benef i ts whveh-may be -obtained-with companders.

3. S a t e l l i t e  t ransmi t ter  power requirements

The power requirements of the s a t e l l i t e  t ransmi t ter  are considered f o r  each of the 
three modulation methods in th i s  sect ion.  It is-convenient ,  however, also to summarize the broad
features of  each method and th i s  has been done in an i n i t i a l  paragraph of the three sub-sect ions.

3.1- Frequency modulation

The pa r t i c u la r  v i r tues of FM that  can be exploi ted in s a t e l l i t e  communications are that
it is :

a w e l l - t r i e d  and avai lable system:

-  , capable of providing improved s ignal - to-no ise r a t i o  performance by exp lo i ta t ion  of
avai lable frequency bandwidth.

In view of the l i k e l y  l im i t s  on avai lable s a t e l l i t e  t ransmi t ter  power, FM is here 
. exploi ted on a wi de-deviat ion basi.s wi th in a to ta l  RF channel bandwidth of some 50 Mc/s.

Nevertheless, the benef i ts to be gained by the use of wide-deviat ion FM do not apply
when the c ar r i e r  level  at  the FM detector i s less than a threshold some 12 db above the to ta l
noise le v e l .  To-enable th i s  threshold requirement to be more readi ly  met various methods such 
as FM with feedback have been devised; in a quan t i tat ive analysis the refore,  account must be
taken of the margin of operat ion above the threshold value.

In the high-capaci ty system, a 5.5 M^s baseband accommodating some 1200 FDM telephone 
channels is assumed to modulate a single s a t e l l i t e  emission. A s ing le ,  wide-deviat ion FM emission 
i s  mere e f f i c i e n t  than the a l te rna t i ve  of a number of separate emissions each carrying a r e l a t i v e ly  
small number of telephone channels. The ca lculat ions fo r  th i s  case are based on the fol lowing 
parameters :

r .m.s .  channel deviat ion (1 ml1! tone) 1.0 Mc/s;

r .m.s .  mult i -channel signal deviat ion 6.2 Mc/s;

minimum input power at the earth stat ion receiver  to meet the s igna l- to-no ise
requirements in the channel -117 db'L

The thermal noise corresponding to the assumed equivalent noise input temperature of 40°K 
at the earth stat ion receiver input is -136 dbV! in a 50 Mc/s band, and the input  carr i  er - to-noi  se 
r a t io  i s  thus 19 db. The IF ca r r ie r - to -n o is c  ra t io  resu l t ing in the 15 Mc/s band of a feedback 
receiver  i s ,  the re fo re ,  24 db.
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The threshold of sa t i s fac to ry  operation in an FM receiver  i s  about 12 db and the system out­
l ined i s  assumed to provide a fade margin above the FM receiver  threshold of 12 db at the l i m i t  of range. 
These fades of less than about 12 db depth would thus do no more than reduce the output channel s ig na l -  
to-thermal  noise r a t i o ,  approximately in proport ion to the depth of  fade.

The requi red s a t e l l i t e  t ransmi t te r  powers f o r  the var ious cases considered are given in
Table I I .

TABLE II

S a te l l i t e  t ransmi t te r  powers f o r  FM systems

Number

o f

channels

Orbi tal  height of  s a t e l l i t e  (km)
type

of

stat ion

3000 10000 36000

db!1! W dbl'i IV dblll HI

1200 0.3 1.1 2.7 1.9 5.0 3.2 High capaci ty

240 3.7 2.4 6.1 4.1 8.4 6.9
Low capacity

120 2.0 1.6 4.4 2.8 6.7 4 . 7 ........

I f  compandors were to be considered -for-use hi an FM system, they could offer lower bandwidth, : 
reduced power, or higher capacity; however the use of FM is satisfactory for  international high qual i ty 
c i rcui ts without the-introduction of compandors and thei r  possible disadvantages.

3.2 Single-sideband amplitude modulation

The SSB method has the meri ts of s im p l i c i t y  and maximum possible economy in  bandwidth. I t  i s 
preferable to DS8 ampl i tude modulation with c a r r ie r  because of  i t s  more e f f i c i e n t  use of  t ransmi t ter  
power and i t s  smal ler bandwidth. Unlike FM, i t  possesses no l im i t i n g  threshold e f f e c t .

The main disadvantages of SSB systems are as fo l l o ws .  They requi re greater  t r n s m l t t e r  
powers than wide deviat ion FM, i t  i s  very much more d i f f i c u l t  to provide the necessary l i n e a r i t y  f o r  
mult ichannel operat ion,  and the SSB system are more suscept ible to inter ference -nd w i l l  produce more 
inter ference when t h e i r  s ignals f a l l  wi th in the baseband of the t e r r e s t r i a l  systems.
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In dot ormi n i ng the t ransmi t ter  power requirements f o r  SSB,it i s necessary f i r s t  to decide 
what telephone channel capacity is to be assumed. At f i r s t  s i gh t ,  i t  would appear tha t  a radio­
frequency channel bandwidth of 50 Mc/s would al low, f o r  SSB, r rny t imes the number of 1200 channels 
obtainable with FM. However, fo r  reasons which are p r imar i ly  associated with frequency sharing 
problems i t  is possible that  the number of telephone channels per t ransmission may need to be l im i t e d .  
For convenience, the f i gu re of  1200 is assumed here in calcu lat ing power requirements, but i t  should 
be remembered that  perhaps about twice th i s  capacity should be carr ied wi th ,  however, a doubling of 
t ransmi t ter  power.

The calculat ions fo r  th i s  case resu l t  in separate f i gu res  f o r  the values of mean power and 
peak envelope power. While the mean power i s  of d i rec t  i n te res t  because of i t s  inf luence on the 
to ta l  power supply requirements aboard the s a t e l l i t e ,  i t  i s the peak envelope power that  i s of  most 
concern in SSB systems since s u f f i c i e n t  l i n e a r i t y  of operat ion must be obtained up to th i s  power i f  
intermodulat ion products are to be kept acceptably low.

The required s a t e l l i t e  t ransmi t ter  power requirements are given in Table I I I ,  which assumes 
no compandors on the telephone c i r c u i t s .  I t  may be expected that  i f  the use of compandor proves 
sat is fac to ry  on interna t ional  c i r c u i t s  the power here quoted would be considerably reduced.

TABLE 111

S a te l l i t e  t ransmi t te r  powers fo r  SSB systems

Number
.......o f ............

channels
Power Orbital heiqht of  sat el 1i te (km)

Type
of...

s tat ion3000 10000 36000

dblll 11 dblll iy dbffl X

1200 Mean 5.4 3.5 7.8 6.0 10.1 1.0.2 High
Peak envelope(1 ) 17.6 58 20 10C 22.3 170 capaci ty

240 Mean 8.8 7.6 11.2 13.1 13.5 " 22.5 Low
Peak enve!ope(l  ) 22.5 178 24.9 310 27.2 530

120 Mean 7.3 5.4 9.7 9.3 12.0 16.0 capaci ty

Peak envelope(1 ) 21.2 130 23.6 230 25.9 390

(1 )  This assumes that  no l im i t i n g  takes place in the telephone channels-. The use of channel l im i te r s  
would reduce the peak envelope power.

I t  should be noted that  the mean powers quoted above represent the average over the whole of 
the busy hour. The short-term mean powers ( i . e .  averaged over a period of about 0.1s *  would f l uc tua te  
aBout the quoted values and fo r  \% of  the busy hour might exceed them by 1 or 2 db depending on the 

to ta l  number of channels in the system.

* Based on the def ini t ion of "Mean power of a radio transmitter" No. 96 of the Radio Regulations -  Geneva 1959
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3.3 Pulsercode modulation

PCM i s  a method of modulation with considerable inherent protect ion against i n ter ference,  the 
wide frequency spectrum enabling the required overal l  performance to be achieved with low t ransmi t ter  
power. However, operat ional  PCM systems-with, several hundreds of telephone channels have yet to be 

demonstrated.

The nature of the quant i zat ion noise inherent in PCM tends to inva l idate 3 -d i re c t  performance 
comparison with more conventional systems; moreover, the values of the RF bandwidth required in pract ice 
are d i f f i c u l t  to evaluate precisely in the present state of development.

The facto rs  inf luencing the bandwidth requirements fo r  PCM systems 3re brought out in  the 
fo l lowing  discussion,  in which a 1200—channel , t ime-d iv i s ion  mul t iplex (TOM) system is  taken as an ex­
ample. The sampling rate per channel (S) must exceed twice the highest audio frequency to be t ransmi t ted,  
and 7400 samples/s i s  considered to be adequate fo r  a channel having a top audio frequency of  3400 c / s .  
For the 1200-channel TOM sys t en f , th e r e fo re , the sampling rate neglect ing synchronizing-pulses i s  given 
by:

S = 2 x 1200. x 3700 ( fo r  a top audio frequency of 3.4 kc/s per channel J 

= 8.88 x 1.0® samples/s.

The number of binary d i g i t s  per sample has now to be chosen and th i s  depends on the l i m i t  f i xed
f o r  quant i zat ion noise,  fo r  which no recommendation has yet been made by the C.C. I .T.T.

However, according- to-published information, the smallest quantization step amplitude should be some 
62 do below the peak level**. To achieve.this f igure would require an 1.1-digit binary, code i f  equal quantization 
steps were adopted. However, with non-l inear encoding, i t  is possible to reduce the binary digi ts required to 
seven.

The b i t  rate, for  7 bi ts per sample., thus becomes:

7 x 8.,88 x 10® a 62.2 megabi ts/s,

and the b i t  durat ion t  =  ̂ seconds
62.2 x 10®

Present p rac t i ca l  systems employ basebands whose widths are of the order of 1 / t ,  but systems 
of the future may reduce the bandwidth to the order of l / 1 . 3 3 t .  Adopting th i s  l a t t e r  f i gu re  as the
best present est imate,  a bandwidth o f  (62.2/1.33)  = 46.6 Mc/s i s ind icated.

However, the pulses must be modulated on a radio frequency ca r r ie r  and, u s i n g v e s t ig a l  side­
band t ransmission,  the to ta l  radio-f requency bandwidth may t y p i c a l l y  exceed th is  by about 10$. I t  
would seem possible to envisage, on the basis described, a channel bandwidth of some 50 Mc/s carrying 
1200 telephone channels by pulse-code modulation (PCM) with- phase-shi f t  keying and v e s t i g ia l  sideband

* Systems have not yet been developed with th i s  capaci ty although work along these l ines i s  Oeing
conducted wi thin 2 number of  Administ rat ions.

* *  PURTON, R.F. A survey of telephone speech sign-’ ! strati s t i  cs and t f i e i r  s igni f i cance in the choice
of a PCM companding law. Proc. I .E.E . ,  B, 43, 109, 60-66 (January, 1962).



transmission. Some bandwidth reduction may also be possible by using more than two "states" (voltage levels) 
to define each d ig i t ,  at the cost of increased transmitter power.

I t  i s  to be noted that  in view of the steep threshold charac te r i s t i c  of  Pci'll systems any re­
duction of ca r r ie r  level  or enhancement of noise at the input of  the receiver  would resu l t  in a dispro­
port ionate reduct ion in  s ignal - to-noise r a t io  in the telephone channel. It is considered advisable,  
therefore,  to al low a 5 db safety margin in the calcu lat ion of t ransmi t te r  powers f o r  the PCM systems, 
and taking th is  into account, the s a t e l l i t e  t ransmi t te r  powers required are as given in Table IV.

TABLE IV

Mean powers* of s a t e l l i t e  t ransmi t te r  fo r  PCM systems

Number
Orbital height of s a t e l 1i t e  (km )

type
of

channels
3000 10000 36000 of 

s ta t ion
db!» j 19 dblll ; 19 dbW ,19

1200 . .1.3 j 1.4 3.7 j  2.4 6.0 I 4.0 High capaci ty

'240 4.7 | 3.0 7.1 j . 5.1
|

9.4 j 8.7
Low capaci ty

120
i

1.7 | 1.5

!
4.1 j 2.6 6.4 j  4.4

The foregoing relates to PCM systems in which the telephone channels' are encoded and t rans­
mit ted on a t ime-d iv i s ion basis.  Since, however, i t  i s  common pract ice f o r  blocks o f  telephone 
channels assembled in f requency-div i si  on mul t ip lex { FDM) as groups (12 channels),  supergroups (60 
channels) mastergroups (300 channels) e t c . ,  to be t ransmi t ted as an e n t i t y  over transmission l i n ks  of 
various types in the in te rnat iona l  network, i t  would f a c i l i t a t e  interconnect ion i f  these FDM groups, 
supergroups, mastergroups e t c . ,  could be d i re c t l y  encoded f o r  t ransmission over the s a t e l l i t e  PCM 
system without the necessi ty f o r  breaking them down in to  indiv idual  channels. The main d i f ference 
between the transmission of encoded FDM blocks of channels of t h i s  type and of i ndiv idual  encoded 
channels are:

*. For a single PCM block of channels the peak-envelope powers are up to +  3 db (2 t imes)  greater  than the 
mean values shown in the t?b le .  However, i f  a number of  PCM blocks from various earth stat ions 
are stacked in FDM at the s a t e l l i t e ,  the peak envelope power of the composite emission may exceed 
the mean power by more than 3 db.
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the PCM bandwidth necessary for transmitting an encoded FDM block wi l l  be somewhat greater than that 
for a t ime-division multiplex (TDM) arrangement of the same number of channels since there are guard 
bands between the FDM channels (assumed to be assembled in accordance with C.C.I.T.T, recommendations), 
end also some unused bandwidth below the lower frequency channels.

the quant i zat ion d i s t o r t i on  requirements are much more severe when encoding an FDM block 
of  channels since quant i zat ion of the composite waveform resul ts  in d is to r t io n  which has 
the e f f e c t  of  producing continuous noise in a l l  channels. Hence, the required s i gna l - t o -  
d i s t o r t io n  ra t io s  are o f . the same order as the s ignal - to- thermat-noise ra t ios  required in 
FM or SSB systems.

Theoret ical  considerat ions indicate that  to a t ta in  a s igna l—t o - d is t o r t i o n  r a t i o  o f '50 db ;
9 d i g i t s  would be required fo r  a 12-channel group and 8 d i g i t s  for -a 300-channel mastergroup, assuming 
a l i near  code. The use of an encoder with a logar i thmic law might reduce the number of d i g i t s  to 8 
and 7 res pec t i ve ly .  The corresponding RF bandwidths required fo r  transmission of 1200 channels would 
be of the order of  79 Meh  fo r  12-channel FDM groups and 66 Mc/s f o r  300-channel FDM mastergroups*

4. Earth s ta t ion  t ransmi t te r  power requirements and t r a f f i c  handl ing capaci ty

To provide fo r  m u l t i - s t a t io n  access, ' the to ta l  C3p?ci ty of  the s a t e l l i t e  w i l l  need to be d i ­
vided among a number of  separate t ransmissions,  each o r ig ina t ing  from a d i f f e r e n t  earth s ta t io n .  Various 
arrangements are possible,  but a'broad comparison of the three methods of modulation can be made i f  
i t  i s  assumed, as a typ ica l  case, that  10 earth s t t i o n s  t ransmi t  at d i f f e r e n t  frequencies spaced at 
5 Mc/s in te rva ls ' th roughout  one 50 Mc/s wide RF channel. For high capaci ty earth s tat ions using antennae 
26 m in diameter,  each emission i s assumed to carry 120 telephone channels giving a to ta l  of  1200 
channels wi thin a 50 Mc/s RF channel. Low-capacity earth s tat ions are assumed f o r  the present purpose 
to carry 24 channels each.

4.1 Frequency-modulation

I t  i s  assumed that  each high-capaci ty earth s ta t ion  t ransmi ts 120 telephone channels occupying 
a baseband frequency range of approximately 550 kc / s .  The RF bandwidth of the omission i s  taken as 3 
Mc/s, a l l  owing some safety margin and a guard band between adjacent emissions. Earth s ta t ions requi r ing 
higher capaci t i es than 12Q channels could be provided fo r  by the a l loca t ion  of two or more such blocks 
of 120 channels, each block being t ransmi tted on a separate frequency a l lo c a t io n .

For the low-capa.city system, i t  i s  assumed that  each of the blocks of  24 channels al located 
to the various earth stat ions  might occupy d i f f e r e n t  baseband frequency ranges in  order to s imp l i fy  the 
assembly of a number of such blocks into a common baseband at the s a t e l l i t e .  In the example taken in  
t h i s  study a maximum baseband frequency of. 550 kc/s is assumed, f i ve  blocks of 24 channels coujd use 
th i s  baseband. To achieve the requi red signal- to-noisje r a t i o ,  the s ta t ion  t ransmi t t i ng  the block of  24 
channels at the high frequency end of  the baseband (say: 440 kc/s to 550 kc /s )  would require to use e i th e r  
greater  power or wider deviat ion than the o ther . t ran smi t t e rs .  I t  i s  reasonable therefore,  t o  al low an 
RF bandwidth o f  5 Mc/s f o r  th i s  worst case. With these assumptions, the requi red earth s tat ion  t rans­
m i t t e r  powers may be ca lcu lated;  the resu l t s  are sumarized in  Table V.
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TABLE V

Earth stat ion t ransmi t ter  powers fo r  FM systems

Number

of
channels

Orbi tal  height of s a t e l l i t e  (km) Type
of

s ta t ion3000 1 0000 36000

db!1! ' V! db'!! : III db"! : !i

1200 25.1 : 325 27.5 j 560 29.8 j 950 High

capaci ty
120 22.6 | 180 25.0 | 320

j
27.3 ! 540

24 25.6 i 370 28.0 j 630 30.3 ! 1100 .
Low

capaci ty

4.2 Single-sideband amplitude modulation

For SSB transmission the RF bandwidth i s  approximately equal to the width of the baseband. 
The required earth stat ion  t ransmi t ter  powers are determined as in Table V I .

TABLE VI

Earth s tat ion  t ransmi t ter  powers fo r  SSB systems

Number
of

channels

1200

Power

Mean 
Peak envelope

Orbi tal  height of s a t e l l i t e  (km) Type 
of 

s ta t i  on
30.00 10000 36000

dbm I If dbW i J  . dbiil i y .

30.1 !  1000 
42.3 ! 17000i

32.5 j  1800 
44.7 !  30000

34.8 j 3000 
47 j  50000 High

capaci ty120 Mean 

Peak envelope
21.6 ; 150
35.5 | 3600

' i . . . . . . . . . . . .

24 | 250 
37.9 j  6200

26.3 | 430 
40.2 j 11000

24 Mean 
Peak envelope

26.8 ! 480
41.8 | 15000

29.2 ; 830
44.2 j 28000

31.5 | 1400
46.5 ; 45000

low
capaci ty
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i t .  i s  to be noted that  the use of comparers i f  those prove to be sa t i s fac to ry  might sub-,
s t a n t i a l 1y reduce the power requirements of SSB earth s ta t ion  t r ansmi t te r .  Thus, f o r  example, i f '
an improvement of 15 db were achieved in the case of the 120 channel synchronous s a t e l l i t e  system, 
the las t  column of Table VI would need 14 W mean power and 370 I  peak envelope power. The ^•ther--f ig­
ures in the column would be modif ied accordingly .

4.3 Pulse code modulation

For PCM systems, the RF bandwidth i s  in d i rec t  proport ion tc the number of channels and the 
number of d i g i t s  per sample, other parameters being f i x e d .  Thus, fo r  a 50 Mc/s RF bandwidth f o r  1200 
channels coded on an: ind iv idua l  channel basis (as derived in § 3.3)  the bandwidths fo r  120 and 24 
channels are approximately 5 Mc/s and 1 Mc/s respect i ve ly .  The required earth s ta t ion t ransmi t te r  
powers are summarized in  Table V I I .  The f igu res  stated include a safety margin of 5 db f o r  the reason 
given in § 3 .3 .  For a high-capaci ty 120 channel system th is  would al low no guard band between adjacent 
emissions as a p rac t i ca l  system would req u i r e ;  thus,  e i the r  the number of channels in each emission would 
need to be less than 120 or fewer blocks of 120 would be included in a 50 Mc/s band. However, fo r
s i m p l i c i t y  of comparison, the powers are calculated on the basis of  120 channels in  each block

' TABLE VII

Mean powers* of earth s tat ion  t ransmi t te r  fo r  PCM systems

Orbi tal  htsi nht of sate l  l i t e  (km) Type
Number , ofi

of | • 3000 10000 j 360000 1 Stat i  on
channels

j dbVi WI d b IV I
\

WI j db W ; 11 i

1200 1 26.1 410 28.5 | 710 { 30.8 | --1200- -i Hi gh- - 
capaci ty

120 ■ ■■ ! 16.1 41 18.5 j 71 ; 20.8 j 120- (

24 1 17.1 51 19.5 j 89 ! 21; .8 150 -<! low
capaci ty

:

I t  should also be noted that  the powers given above re late to systems where no form of  pulse 
regenerat ion in the sa te l l i t e ,  is used.; fo r  .systems in which the signal - i s e i the r  decoded and recoded 
or simply regenerated in the s a t e l l i t e ,  the required earth sta t ion  t ransmi t te r  powers would be about 7 
db less than those-shown above.

*  Th.e peak envelope power sare up to +3 db (2 t imes-);greater than the mean values shown in  the ta b le .
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4.4 Comments on t ransmi t te r  power and bandwidth requirements in re l a t i on  to t r a f f i c  handl ing capaci ty

It  would appear from the foregoing,  that  a radio-frequency channel bandwidth of some
50 Mc/s could accommodate a FM transmission carrying up to 1200 telephone channels, or a PCM
transmission approaching 1200 telephone channels or a SSB transmission carrying well i n excess of 
1200 telephone channels, and that  systems using e^ch mo du1 t i  on method could meet acceptable 
performance requirements using s a t e l l i t e  t ransmi t te r  mean powers of a few watts.

In comparing FM with PCM i t  should be noted tha t ,  as the s a t e l l i t e  t ransmi t te r  power i s
increased (up to the l i m i t  set By inter ference cons iderat ions), a reduct ion of FM d e v i - t i o n ,  and 
therefore of bandwidth occupied, could be trade, with resu l t i ng  increased e f f i c i ency  of use of the 
frequency spectrum. Such an improvement could not be made in the case of binary PCM since the 
bandwidth occupied i s solely  a funct ion of the number of channels and the number of b i t s  per sample.

With SSB systems, the actual  bandwidth occupied i s  ansi durably less than f o r  FM and PCM 
systems of the same capaci ty.  However, i t  may not be possible to t - ke  f u l l  advantage of  t h i s  
bandwidth saving in pract ice si nee' inter ference problems when sharing frequencies with other radio 
services,  e .g .  rad io -re lay systems, may r e s t r i c t  the usable channel assignments.

The mean power of the s a t e l l i t e  t ransmi t te r  required f o r  1200-channel SSB transmissions 
i s  approximately three times that  required when using PCM or wide deviat ion FM. Moreover, the peak 
power of an SSB transmission i s  some 12 db greater than the mean..power, and highly l i ne ar  operat ion 
of the t ransmi t te r  i s essential  over the f u l l  amplitude range.

The t ransmi t te r  power of the earth s ta t ion  i s  of less importance than that  requi red in 
s a t e l l i t e s .  However, a T20-channel PCM system would require an earth s ta t i on  with a t ran smi t te r  
of about 70 W mean power, about a quarter of that  required f o r  FM and SSB systems of comparable 
capac i t y .

5.  Mu l t i - s ta t ion  operation

The three methods of modulation considered can a l l  provide f o r  mu l t ip le  ear th -s ta t ion  
across to the s a t e l l i t e ,  but d i f f e r  in the. complexity necessary in the s a t e l l i t e  i t s e l f .  I f ,  at ' any 
one t ime, "m" earth stat ions are to pa r t i c ipa te  via a s ingle s a t e l l i t e  of a system there must be,
1n e f f e c t ,  f,mtt separate transmissions to be received at the s a t e l l i t e .  In the s a t e l l i t e  these 
separate transmissions can be e i the r  :

5 .0.1.  ampl i f ied and frequency changed f o r  re-transmissi .on to earth on separate c a r r i e r s ;

5 .0 .2 .  demodulated, i f  necessary, and combined for re-transmission on a single carrier-,

5.1 FM systems

The method of §5,0.1 would require "m" separate a m p l i f i e r  channels of  else a common 
l i near  broadband a m p l i f i e r .  The method of § 5.0.2 might involve demodulation to baseband, which 
would requi re "m" separate ampl i f ier /demodulator  channels in the s a t e l l i t e  rece ive r ,  fol lowed by
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re-assembly of the FDM telephony channels and modulation on a single dawtr-Cf fmiH^cat r ierv- ' iM- 
arrangements to do th i s  in the FM case could fol low well-known and proved techniques;, however, a 
number of design problems would need to be solved to reduce the weight and size of . the equipment to 
meet payload l i m i t a t i o n s .

5.2 PCM systems

The r e la t i v e  immunity of PCM from inter ference by signals or intermodulat ion products 
below the threshold, level  suggests the possibi 1 i t y  of using the method of § 5,.0.1,. In th i s  method 
several PCM ca r r ie rs  would be ampl i f ied in a common broadband amp l i f i e r  in the s a t e l l i t e ;  this* 
could be accomplished without appreciable cross-modulat ion and with re l a t i v e ly  high e f f i c ie ncy  in 
the RF output a m p l i f i e r .  This l a t t e r  would, however, need to accommodate the peak-envelops power of 
the composite signal  without s ig n i f i c a n t  compression of the amplitudes of individual ,  . car r ie rs ,  and 
sui tab le  guard Bands would be required between the. t ransmissions. Each earth s tat ion  could receive 
a l l  the PCM carr ie rs  t ransmi t ted by the s a t e l l i t e  and would ext rac t from each ca r r ie r  the pa r t i c u la r  
channels requi red.

With PCM systems, the poss ib i1i t y  also ex ists  in p r inc ip l e  of assembling blocks of 
channels from d i f f e r e n t  earth s tat ions on a t ime-d iv i s ion basis in the s a t e l l i t e .  However, the 
di f ferences and var ia t ions  in transmission delay between.the s a t e l l i t e  and the various earth stat ions 
would appear to exclude t h i s  as a pract icable system.

The method of § 5.0.2 which involves the-demodulati  on and re-assembly of blocks of PCM 
channels in the sa t e l l i t e , ,  would appear to be impract icable using PCM, in view of the complexity of 
the s a t e l l i t e  equipment, i n vo lved .

5.3 SSB systems

SSB systems have the advantage that  the m separate t ransmissions, each comprising a block . 
of  FDM telephone channels, could be combined at the s a t e l l i t e  fo r  re- transmission to earth as a 
single emission without being.demodulated. The transmission from the earth stat ions, could be received" 
at the s a t e l l i t e  in a common broadband amp l i f i e r  and arranged in frequency, more, or loss adjacent ly ,  or ,  
wi th appropr iate Doppler s h i f t  cor rect ions,  cont iguously.  Means f o r  ensuring that  the levels of the 
various transmissions at the s a t e l l i t e  were uniform would!also bo requi red.  The combined signal  
could then be frequency sh i f ted  in the s a t e l l i t e ,  ampl i f ied to the necessary power level  and 
re- t ransmi t ted  to ear th.

This technique would permit s ingle channels or blocks of telephone channels from both 
high-and low-capaci ty s ta t ions to be assembled together,  and al lows considerable f l e x i b i l i t y  as to 
the sizes of the channel b locks.  The use'of  SSB modulation could thus lead to a r e l a t i v e l y  simple 
and f l e x i b l e  s a t e l l i t e  repeater .  However, i t  would appear that  ex is t ing broadband amp l i f i e r s ,  in 
p a r t i c u l a r  RF power amp l i f i e rs  fo r  s a t e l l i t e  and earth s ta t ion  t ransmi t ters ,  f a H  sfl 'ort ' -of f+re ampl i tude 
l i n e a r i t y  requi red , to  keep intermodulat ion products and crosstalk,below acceptable, l ev e ls .
FuH.he'rmbre, the use of a common broadband amp l i f i e r  in the s a t e l l i t e  would increase the r i s k  of 
i n te r fe r ’enco between transmissions in the event of mal funct ioning of any earth s t a t i o n .



-  1 46 -

5.4 Composite modulation.systems

With some signal processing in the s a t e l l i t e  i t  i s  possible to use composite modulation 
systems, i . e .  systems using one type of modulation on the e^ r t h - t o -s a te l  1 i te  paths and another type 
on the s a te l l i t e - t o - e a r t h  path.  Because d i f fe r e n t  considerat ions apply to the two paths th i s  
composite modulation may o f f e r  an improved overal l  system.

Possible examples of th i s  are :

5.4.1 using narrow-deviat ion FM f o r  the e a r t h - t o - s a t e l l i t e  path, demodulation of each transmission 
in the s a t e l l i t e  and combination and wide-deviat ion frequency modulation of the complete baseband 
signals on the s a t e l l i t e - t o - e a r t h  path;

5.4.2 using PCM f o r  the ear th- to -satel  1 i te  path, the PCM signals at the s a t e l l i t e  being 
assembled in a wide baseband which is then t ransmi tted to the ground using wide-deviat ion FM;

5.4.3 using SSB on the ear th- to -satel  1 i t e  path the channels are stacked at the s a t e l l i t e ,  e i th e r  
at intermediate frequency or at a baseband, and re- t ransmi t ted  to ground using high- index phase 
modulat ion. I t  should be noted that  such a system would combine the advantages of SSB in respect 
to f l e x i b i l i t y  of  mu l t i - s t a t i on  access, and of spectrum economy, with those of wide deviat ion 
phase modulation in conserving s a t e l l i t e  t ransmi t ter  power.

6.  Interference between s a t e l l i t e  systems and other radio services

The merits of d i f fe r en t  modulation systems must also be considered from the point  of view 
of avoiding mutual i nter ference between s a t e l l i t e  communication systems and other radio services 
shoring the same frequency bands. Only the main charac te r i s t i cs  of d i f f e r e n t  modulation methods from 
the inter ference point  of view are given below.

6.1 Frequency modulation

Frequency modulation produces a spectrum with an energy d i s t r i b u t i o n  which i s  a funct ion 
of the frequencies of the modulating signals and of the deviat ions they produce. With l i gh t l y - l oaded  
or unmodulated FM mult i -channel  telephony systems a.considerable par t  of  the to ta l  energy i s  concentrated 
in a r e l a t i v e ly  narrow frequency band, with the resu l t  that  a g reater  inter ference potent ia l  ex is ts  in 
th i s  condi t ion than is the case with a normally loaded FM system. This represents a l im i t i n g  case unless 
means are adopted to prevent the condi t ion a r i s in g .  This can read i l y  be achieved by use of the c a r r ie r  
energy dispersion techniques refer red to in Recommendation 358 and Report 209. The use of FM with 
c a r r ie r  energy dispersal  on the s a t e l l i t e  system reduces the inter ference between s a t e l l i t e  and 1ino— 
o f -s igh t  radio- re lay systems sharing the same frequency bands.

6.2 Pulse-code modulation

Under condi t ions of l i g h t  l oading, a PCM system produces a mu 1t i  p ie-1i  ne spectrum with 
components spaced at 1 /n t ,  where n i s the number of b i t s  per sample and t  the b i t  du ra t ion .  The 
e f fect  of loading i s to decrease the ampl i tudes of the l ine components and to f i l l  i n the spaces 
between the l i n e s .  With n = 7, the maximum l ine  ampli tude i s about 0.3 of the unmodulated c a r r ie r  
power, in the absence of special  precaut ions, the in ter ference potent ia l  of l i g h t l y  loaded PCM systems
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could be several decibels greater  than th ^ t  of FM systems (using ca r r ie r  energy dispersal  ) o f - s i m i la r  
capaci ty and performance. However, the inter ference p o t e n t i 1 of PCM systems can read i l y  be’ minimized 
by the use of modif ied coding techniques which avoid rep e t i t i v e  pat terns,  such as one pulse in seven, 
under l i g h t  loading condi t i ons .  A l t e r n a t i v e ly ,  frequency modulat ion, at a low modulating frequency,
could be appl ied to spread the ' ' l ine"  spectrum energy.

With regard to inter ference _to PCM systems, i t  i s to be noted that  such systems are, in
general ,  less suscept ible to  inter ference than FM systems-, and considerably less l i a b l e  to interference

. than SSB systems.

6.3 Single-sideband modulation

In single-sideband ampl i tude-modulat ion systems, the to ta l  power of the emission may bo
concentrated wi thin a bandwidth of a few megacycles per second or less .  I t  i s to be noted that  the
power in the spectrum of SSB emission generated by a given telephone channel is not spread over the
spectrum as in FM or PCM. There may thus be a r i sk  of inter ference from s a t e l l i t e s  using SSB
modulation to l i n e - o f - s i g h t  rad io- ro lay systems using FM should an SSB signal f a l l  i n to the e f fec t i ve  
baseband of the radio- re lay system unless l im i t a t io n s  of Recommendation 358 are fo l l owed.

With SSB transmissions from earth s ta t ions ,  i t  should be possible to avoid inter ference 
to l i n e - o f - s i g h t  radio- re lay systems by co-ordino.t ion of frequency usage on an area basis.  For, SSB
transmissions from s a t e l l i t e s ,  however, area co-ordinat ion i s i n s u f f i c i e n t ,  and the need to l i m i t  the
power f l u x  densi ty at the ear th ' s  surface to a level  such that  inter ference w i l l  not occur may preclude 
the use of uncompandored SSB on the sa te l l i t e - to -g r ound  path, except fo r  e^rth sta t ions where largo 
antenna gain i s  ava i lab le .

Interference to recept ion in s a t e l l i t e s  o r ' a t  earth stat ions'may be more troublesome when
using SSB than when using other methods of moduMion,  e .g . ,  FM and PCM, which o f f e r  greater inherent
protect ion against i n te r fe rence .

For SSB recept ion at earth s ta t ions ,  i t  should also bo possible to avoid inter ference to 
l i n e - o f - s i g h t  rad io- re lay systems by frequency co-ordinat ion on an aren b s i s .  For SSB recept ion in 
s a t e l l i t e s ,  however, al lowance must be made fo r  the p o s s i b i l i t y  of l i n e - o f - s i g h t  rad io- re lay  systems 
using frequencies which f a l l  wi thin the SSB recept ion bands. Since not a l l  countr ies use the C.C.I .R. 
channel l ing arrangements f o r  l i n e - o f - s i g h t  r a d i o - r e b y  systems, i t  may'be d i f f i c u l t  to avoid such 
in ter ference solely  by choice of the SSB recept ion bands in s a t e l l i t e s ,  ^1 though i t  may be reduced by 
such an approach.

7. Conclusions

A theoret i ca l  comparison has been made between FM, PCM, SSB and composite methods of 
modulation f o r  use by s a t e l l i t e  communication systems; the conclusions w i l l ,  however, need to bo 
v e r i f i e d  by experiment. The conclusions drawn ^re summarized below.
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7.1 Transmit ter power requirements

In comparing the t ransmi t ter  power requirements f o r  the various methods of modulat ion, i t  
should be noted t l r . t  low power at the s a t e l l i t e  t ransmi t ter  i s  of considerably more importance than 
lower power at the earth s ta t io n .  The comparison shows th-’ t  PCM systems requi re approximately the 
same s a t e l l i t e  t ransmi t ter  power as FM systems of comparable capacity and performance, the required
powers being of the order of 2 or 3 W fo r  a s a t e l l i t e  at an a l t i t u d e  of 10000 km. For SSB systems,
the mean power required fo r  the s a t e l l i t e  t ransmi t ter  i s some 4 db greater than the mean power.
These requirements f o r  increased power handling with s u f f i c i e n t  l i n e a r i t y ,  there fo re ,  present a major 
problem with SSB.

For s a t e l l i t e  t ransmi t ters handling several FM or PCM mult i -channel signals in a common 
broadband am p l i f i e r ,  the peak power output must be increased by several decibels to avoid ampl i tude 
compression and cross modulat ion; th i s  increase is smal ler with PCM than with FM in view of the 
greater protect ion offered by PCM against cross modulat ion.

The powers of earth stat ion t ransmi t te r  fo r  FM and PCM systems considered in th i s  Report 
range from about 100 W to 1 kW: these are pract icable and reasonable requirements well wi thin the 
scope of current technology. From the operat ional  and economic aspects, the use of powers of about 
1 kW a t  earth stat ions would not be considered a serious disadvantage re la t i v e  to the use of lower 
powers. However, i t  i s  to be noted that  in frequency bands shared with t e r r e s t r i a l  radio services,  
i nter ference problems would be eased by the use of low powers at earth s ta t io ns .

For SSB systems, mean powers of some 1 to 2 k1’! at  earth stat ions would be needed, and the 
t ransmi t te rs  must also be capable of handling peak envelope powers some 12 db greater  than these,
with s u f f i c i e n t  l i n e a r i t y  to meat the required overal l  performance standards.

The use of compandors might appreciable reduce t ransmi t ter  power requiremen‘‘ s both at earth 
stat ion  and at s a t e l l i t e s .  However, the use of compandors w i l l  need fu r th er  study by the C.C. I .T.T.  
and C.C.I .R.

7.2 RF bandwidth requirements

It  would appear, on the basis of th i s  Report, that  FM systems could provide up t :  1200 one
way telephone channels wi thin a 50 Mc'/s-wide RF channel.

PCM systems could provide a capaci ty approaching 1200 telephone channels wi thin a 50 Mc/s 
bandwidth. The need to minimize the bandwidth'requirements f o r  PCM suggests the use of ves t ig ia l  
sideband phase-moduiation of the radio c a r r i e r ,  wi th phase-modulation o f +  90°.

SSB systems could provide s i m i la r  capaci t i es to the PCM or FM systems refer red to above,
i . e . ,  1200 telephone channels, in a much smal ler RF bandwidth, of the order of 5 Mc/s.
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7.3 Mul t iple ear th-s tat ion operation

The main problem of mul t ip le ear th-stat ion  operation with a given s a t e l l i t e  centres on the 
e a r t h - t o - s a t e l l i t e  paths, fo r  which separate RF sub-channels are required from the indiv idual  earth 
stat ions to the s a t e l l i t e .  Time-division mul t iplexing between the various stat ions does not appear 
to.be p rac t i cab le ,  due to the transmission delays which are d i f f e r e n t ,  and general ly vary ing.

'FM, PCM or SSB modulation could bo used fo r  the ear t h - t o - sa te l1i t e  paths. With SSB
modulation, the RF sub-channels could be contiguous in frequency ond received in a common broadband 
amp l i f i e r  in the s a t e l l i t e ,  provided tha t  steps'were taken to correct the Doppler: frequency s h i f t s  and 
to adjust the r e la t i ve  le ve l s .  With FM and PCM, the sub-channels' would need to be spaced in frequency 
to avoid overlapping sidebands. The sub-channel signals could be receive!  at the s a t e l l i t e  e i ther  
in separate narrcw-band amp l i f i e rs ,  or in a common broadband a m p l i f i e r .  The use of mu l t ip le narrow­
band amp l i f ie rs  in the s a t e l l i t e  increases s a t e l l i t e  complexi ty,  but provides a convenient means fo r
level  adjustment of the indiv idual  signals and fo r  c a r r ie r  Doppler f requency-shi f t  co r re c t io n ;  such
ah arrangement also minimises the r i s k  of i n ter ference ,  including that  due to mal funct ion of earth 
s t a t io n s .  I t  does however l i m i t  the number of earth s tat ions in the coverage area to the number of 
narrow band amp l i f ie rs  in the s a t e l l i t e .

FM, PCM or SSB could also be used fo r  the s a te l l i t e - t o - e a r t h  paths: however, the modulation 
method chosen need not be the same as f o r  the ea r t h - t o - s a te l 1i te  paths. The use of a single wide- 
deviat i  on FM c a r r ie r ,  bearing FDM signals corresponding to several earth s tat ions ,  would enable 
e f f i c i e n t ,  low-power RF t ransmi t ters to be used in s a t e l l i t e s .  The use of PCM on a s i m i la r  s ingle­
c a r r ie r  basis appears to o f f e r  no marked advantage, and requires considerable complexity in the 
s a t e l l i t e .  M u l t ip le - ca r r ie r  techniques using FM, PCM or SSB modulation are also possible,  subject to 
the s a t e l l i t e  t ransmi t te r  power and l i n e a r i t y  requirements referred to above.

7.4 Interference aspects

These are more serious where they concern possible in ter ference from s a t e l l i t e  t ransmi t te rs  
to other radio services,  e .g . ,  l i n e - o f - s i g h t  radio- re lay systems, and from other radio services to 
recept ion in s a t e l l i t e s ,  in shared frequency bands. The avoidance of such inter ference requires 
world-wide, as d i s t i n c t  from area, co -ord ina t ion .  With regard to possible inter ference from 
s a t e l l i t e s ,  wide-deviat ion systems such as FM with ca r r i e r  energy dispersal have a marked advantage 
over SSB modulat ion. With regard to inter ference to recept ion at the s a t e l l i t e ,  PCM of fers most re­
sistance and FM has considerable protect ion ,  and SSB of fers least  p ro tect ion .
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,5 The p r a c t i c a b i l i t y  of FDM-FM techniques has been demonstrated, both f o r  the e a r t h - to - s a te l 1i t e

and s a t e l l i t e - t o - e a r t h  paths, by the "Te l s t ^ r "  and "Relay" t e s t s .  The extension of such techniques 
to multi  pie—earth s ta t ion  operation appears to be possible.

I t  has yet to be demonstrated that  the high degree of amplitude l i n e a r i t y  required f o r  
SSB operat ion with large numbers of telephone channels, both at earth s ta t ion  and s a t e l l i t e  t rans ­
mitters.,  can be achieved in pract ice bearing in mind the necessary high performance standards requ i red .  
This problem is  p a r t i c u l a r l y  acute in s a t e l l i t e  t r ansm i t te rs , where the numbers of tolophcno channels 
are large and high e f f i c iency  i s  essen t ia l ,  bearing in mind the increased power.suppl ies and weight 
involved i f  the e f f i c iency  is low.

Although the p r a c t i c a b i l i t y  of PCM techniques fo r  the provision of a large number of 
t®lephone channels has not so fa r  been tested,  there appears to be no reason in p r i nc ip le  why such 
techniques should net be e f f e c t i v e ,  at  least up to a hundred or so telephone channels on each 
c a r r i e r .  I t  should, however, be noted that  PCM systems carrying a thousand telephone channels on a 
single ca r r ie r  may requi re the transmission of pulses of some 2 x lCT^s durat ion through long 
t ropospheric paths;  whether such paths arc- s u f f i c i e n t l y  f ree from mul t i -pa th  e f fec ts  to permit 
such transmission with the necessary standards of performance requi res experimental conf i rmat ion.

Need f o r  fu r th e r  study

From the above conclusions i t  seems c le^ r  t h ' t  each of the various modulation systems d is ­
cussed has both advantages and disadvantages. Since i t  i s  not yet possible to s t a t e ;the requirements 
f o r  a preferred system, i t  i s  equal l y  not possible to state a preferred mo du 1 - 1i on system. It 
appears desi rable to draw the a t ten t ion  of the C.C. I .T.T.  to the possible advantages of the use of 
compandors on telephone c i r c u i t s  routed over cer tain s a t e l l i t e  systems and the C.C. I .T.T.  might be 
requested to extend t h e i r  studies of the use of compandors to  th i s  p a r t i c u l a r  f i e l d .  It is pointed 
out that  in the case of mult i -stat. ion operat ion a given compressor may be associated with various 
expanders. Further study i s  required of  many other fa c to rs ,  i ncluding composite modulation systems.
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REPORT 212*

COMMUNICAT ION-SATELLITE SYSTEMS FOR 

FREQUENCY-0IV IS ION MULTIPLEX TELEPHONY AND MONOCHROME TELEVIS

Use of pre-emphasis by frequency modulation systems 

(Question 235( IV))

(Geneva, 1963)

The use of pre-emphasis in communicat ion-satel l i te systems f o r  frequency d i v i s io n  mul t iplex 
telephony using frequency modulation resul ts  in a useful improvement in the signal - to- therma] noise 
ra t io  in the higher frequency channels of the system and thus enables the space s ta t ion  t ransmi t te r  
power requirements to be reduced.

The space s ta t ion  t ransmi t te r  power should be kept as small as possible to minimize r i sk  of 
inter ference to the stat ions of other radio services sharing the same frequency bands.

A reduct ion in space s tat ion  t ransmi t te r  power would be advantageous from an economic point 
of view, since i t  would reduce the pay load to be put into o rb i t  and thus the size and cost of the 
rocket launcher.

The use of pre-emphasis f o r  te l ev i s i on  could modify the energy d i s t r i b u t i o n  in the radio­
frequency emission of communication^-satel l i t e  systems in such a way as to reduce, subs tan t ia l l y  in 
some circumstances, the p o s s i b i l i t y  of inter ference between communicat ion-satel l i te systems and l i n e -  
o f -s igh t  rad io- re lay  systems using the same or adjacent channels.

The use of pre-emphasis f o r  te l ev i s io n  may also enable the e f fec t i ve  frequency deviat ion of 
the communicat ion-satel l i t e system to be increased, thereby improving the s ignal - to-no ise r a t io ;  however, 
too large an increase in deviat ion could o f f se t  the reduct ion of inter ference po te n t ia l .

The use by d i f fe r e n t  administ rat ions of the f a c i l i t i e s  offered by communicat ion-satel l i te 
systems, including the shared use of space-stat ion s a t e l l i t e  repeaters, would be f a c i l i t a t e d  by the 
use of an agreed pre-emphasis charac te r i s t i c  f o r  such systems employing frequency modulation.

*  This Report, which was adopted unanimously, has been brought to the a t tent ion of the Extraordinary 
Adminis t rat i ve Radio Conference, Geneva, 1963.
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In view of the foregoing, and of potent ia l  advantages to be gained be the use of pre-emphasis 
in frequency modulation systems, i t  is considered that  the preferred pre-emphasis chara c te r i s t i cs  f o r  
frequency d iv i s ion  mul t iplex telephony and monochrome te l ev is io n  should be the subject of fu r th e r  
study.

In cer ta in  experiments with communicat ion-sate!1i te  systems using wide—deviat ion frequency 
modulation the same standard pre-emphasis charac te r i s t i cs  have been s a t i s f a c t o r i l y  employed as those 
recommended f o r  t e r r e s t r i a l  l i n e -o f -s ig h t  radio- re lay systems in Recommendation 275 f o r  frequency 
d i v i s io n  mul t ip lex telephony and in Recommendation 405 f o r  monochrome te le v is io n .

C o n c u 1 us i on



FACTORS AFFECTING MULTI-STATION ACCESS

IN COMMUNICATION-SATELLITE SYSTEMS 

(Study Programme 235 E( IV))

(Geneva, 1963)

Int roduct ion

Radiocommunication on a world-wide basis in the communicat ion-satel l i te service must provide 
u l t ima te ly  not only f o r  independent working between indiv idual  pai rs of earth s ta t ion ,  but also f o r  
mul t ip le in ter -connect ion between many earth s ta t ions .  It is assumed that  the communicat ion-satel l i te 
service w i l l  be capable of accommodating telephony, telegraphy, data, facs imi le ,  te le v is io n ,  and 
perhaps other categor ies of usage.

For the purpose of t h i s  repor t ,  the term ' 'access1' w i l l  be used in the sense of the a b i l i t y  
of an earth s ta t ion  to jo i n  in and use a communicat ion-satel l i te system. M u l t i - s ta t io n  access is a 
property of the system i t s e l f  and of how the system can be used by i t s  earth s ta t ions .  There are two 
qui te d i f f e r e n t  ways in which communication s a t e l l i t e s  may be used by earth stat ions to provide i n t e r ­
connection. In the  pai red-terminal  method, any two earth s tat ions may use a space s ta t ion  f o r  two-way 
communication between themselves, much as^ i f  they were connected ly  a cable^of equal baseband capaci ty .  
In the m u l t i - s t a t i o n  method, more than two earth stat ions may use a single space s ta t ion  as a point  of 
i n te r-connec t ion,  so that  each of these earth stat ions may communicate with any or a l l  of the remaining 
earth s ta t ions .

This report  considers only the various techniques appl icable to communicat ion-satel l i te 
systems from the point of view of m u l t i - s ta t i on  access. S p ec i f i ca l l y ,  the report does not consider 
the p r a c t i c a b i l i t y  of achieving an economical, operat ional  system using any spe c i f i c  technique w i th in  
a given t ime frame. These are receiving extensive study at the present t ime. I t  is therefore too 
ear l y to draw any conclusions regarding the most appropriate system fo r  a given set of ci rcumstances.

General considerat ions

For m u l t i - s t a t i o n  access through a single space s ta t ion ,  a l l  earth stat ions  must be able to 
use the space s t a t ion  at the same t i m e .  Ki th non-stat ionary s a t e l l i t e s ,  th i s  requires that such ” 
earth stat ions be capable of simultaneous hand-over, hence that  t h e i r  locat ions be wi th in  the area of  
overlapping coverage of two s a t e l l i t e s  at the time of hand-over. With a stat ionary s a t e l l i t e ,  no 
hand-over is requi red.

*  This Report, which was adopted unanimously, has been brought to  the at ten t ion  of the Extraordinary 
Adminis t rat i ve Radio Conference, Geneva, 1963.
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Service can be extended to adjacent areas served by another s a t e l l i t e  through the use of 
addi t i onal  re lays:  e.g.  by intermediate earth s ta t ion  relay,  d i re c t  s a t e l 1i t e - t o - s a t e 11i t e  relay,  or 
t e r r e s t r i a l  systems.

3. Single-hop aspects

Two stat ions which are to be inter-connected must be w i th in  the "mutual coverage zone", which 
is determined by the separat ion of the earth s tat ions and the a l t i t u d e  of the s a t e l l i t e .  Such a zone 
also ex ists  when addi t i onal  stat ions must be inter-connected, but, in general ,  i t  becomes smal ler as 
the number of earth s ta t ions and t h e i r  separat ions increase.

To secure mu l t i - s ta t i on  access on a continuous basis wi th non-stat ionary s a t e l l i t e s ,  a "new" 
s a t e l l i t e  must have entered the mutual coverage zone as the one In use moves out of the zone. Many 
ingenious o rb i t  arrangements have been proposed to assure t h i s .  Since the mutual coverage zone becomes 
larger  as the o rb i t  a l t i t u de  increases, the number of s a t e l l i t e s  required to give continuous m u l t i ­
s ta t ion  access decreases wi th the higher o rb i t s ,  and, f o r  the s tat ionary  s a t e l l i t e ,  is continuous wi th 
a s ingle s a t e l 1i t e .

4. Mul t i -hop aspects

Long routes may be between antipodal points of the earth ,  separated by a g r e a t -c i r c l e  distance 
of 20000 km. This distance is some 3000 km greater  than the longest path possible w i t h ;.even a s ta t i on ­
ary s a t e l l i t e ,  assuming 5 minimum elevat ion angles of the earth antennae. Such long paths w i l l  requi re 
extension by means of t e r r e s t r i a l  l i nks ,  or the use of two or more s a t e l l i t e  re lays .  In any case, 
t e r r e s t r i a l  l inks must be used to achieve interconnectabi1i t y  between earth s tat ions and the part ies  
using the c i r c u i t .

For m u l t i - s a t e l l i t e  c i r c u i t s ,  d i rec t  relaying between s a t e l l i t e s  is a future p o s s i b i l i t y .  
However, with .non-stat ionary s a t e l l i t e s ,  the use of an intermediate earth relay s ta t ion  is probable 
at an e a r l i e r  date. Such an earth relay s ta t ion  must be w i th in the overlap area of v i s i b i l i t y  of two 
su i tab ly  si tuated space s ta t ions .  With s ta t ionary s a t e l l i t e s ,  an earth relay s ta t ion  only would need 
be w i th in  the f i xed overlap area of v i s i b i l i t y  of i t s  two s a t e l 1i t e s .  Earth relaying between s ta t ionary 
s a t e l l i t e s ,  f o r  telephony, seems undesirable because the. time delay over two hops would exceed the 
tenta t i ve maximum values recommended by the C.C. I .T.T.  However, the delay can be held w i th in  these 
values by using t e r r e s t r i a l  communication f a c i l i t i e s  in connection wi th a single s tat ionary  s a t e l l i t e  
f o r  such connections.

5. Mul t iplexing and modulation aspects

When simultaneous access to a system is desired by, a number of earth s ta t ions ,  channels can 
be combined by using time d i v i s io n ,  frequency d iv i s io n ,  a combination of the two, or other methods 
now undergoing evaluat ion.  Frequency d i v i s io n  may be achieved by var ious methods. Time d i v i s io n  may 
be achieved through d i g i t a l  methods such as pulse code modulation of del ta  modulation. Each of the 
several methods or combinations thereof  may be found advantageous f o r  ce r ta in  appl icat ions and condi t i ons .
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In communicat ion-satel l i te systems using low or medium a l t i t u de  orbi ts  the re la t i ve  velo­
c i t i e s  of s a t e l l i t e s  are of d i f fe r en t  magnitudes and d i rec t ion  wi th respect to each earth s t a t ion .
The resul tant  Doppler e f fec ts ,  at the order of frequency being considered, are large and var iable and 
need sui table co rrect ion .

For reasons of s i m p l i c i t y  and r e l i a b i l i t y  of the space s ta t ion ,  taking into considerat ion 
l im i t a t io ns  in radio-f requency power and the need f o r  sui table qual i t y  of t ransmission, the use of 
frequency modulation both to and from the space s tat ion  has mer i t .  The space s ta t ion  can then be a 
simple heterodyne converter which t ranslates the received signal spectrum to another frequency band 
f o r  retransmission.

The use of frequency modulation is a t t ra c t i ve  f o r  many reasons, such as i t s  r e l a t i v e ly  low
t ransmi t te r  power requirement, resistance to Doppler frequency s h i f t s  and ease of preserving s a t i s fa c t ­
ory qua l i t y  of a m u l t i p l i c i t y  of voice channels. It also is a thoroughly understood and establ ished 
technique f o r  l i n e - o f - s i g h t  microwave relay systems.

In re la t i on  to simultaneous access or interconnectabi1i t y ,  i t  is impract icable f o r  several 
earth s tat ions to use a common c a r r ie r  frequency f o r  FDM-FM transmission to the s a t e l l i t e .  Hence, each 
earth s ta t ion  would frequency modulate i t s  own RF c a r r ie r  in a separate sub-channel, a l l  of which 
would be received by the s a t e l l i t e .  I f  the s a t e l l i t e  repeater is a l i near  frequency t r ans l a to r ,  these
sub-channels w i l l  be ret ransmi t ted to the earth s ta t ion  receivers fo r  separat ion, i nd ividual  detect ion
and subsequent se lect ion of the desired voice (or other) s ignals.  An al ternate method involves signal 
processing in the s a t e l l i t e ,  requi r ing select ion and detect ion of the RF sub-channels and t rans la t ion
of t h e i r  signal  channels to a common baseband fo r  FM retransmission with a s ingle ca r r ie r  f requency.
Such signal  processing provides f l e x i b i l i t y  in accommodating t r a f f i c  peaks, per iodic t r a f f i c  redis­
t r i b u t io n s  .and signals having g rea t l y  d i f f e r e n t  baseband widths.

In the case of a s ta t ionary system, Doppler-shi f t  e f fec ts  are minimized apd SSB techniques
may be a t t r a c t i v e .  The maximum number of indiv idual  communication channels w i th in ' a '  given bandwidth 
can be obtained by s ingle sideband techniques. However, the overal l  spectrum conservat ion achieved 
by use of such a technique is a func t ion of a number of system parameters besides the method of mod­
u la t io n .

Considerat ion is being given tc  a system wherein the earth-to-space s tat ion  transmissions 
employ SSB -  FDM transmission and the space-to-earth s ta t ion  transmissions employ FDM-PM, th i s  mod­
u la t ion change being accomplished in the s a t e l l i t e  wi thout detect ion to baseband. Such systems would 
add l i t t l e  complexi ty in the space s ta t io n .  Considerat ion might also be given to a system employing 
SSB -  FDM transmission in both d i rec t ions at such time as increased radio frequency power becomes 
avai lable in space s ta t ions .

Time d iv i s io n .m u l t ip lex in g  may o f f e r  the p o s s i b i l i t y  of working with lower power at the 
expense of increased bandwidth. However, in ter leaving of pulses from several earth s tat ions at the 
s a t e l l i t e  would require d i f f i c u l t  synchronizat ion techniques. Hence, such a time d iv i s ion  system 
appears less desi rable than one employing frequency d iv i s io n .
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REPORT 214*

COMMUNICATION-SATELLITE SYSTEMS

The ef fec ts  of Doppler f requency-sh i f ts ,  t ransmission 

time delays and switching d is co n t in u i t i e s  

( Question 240 ( IV))

(Geneva, 1963 )

1# int roduction

In a communicat ion-satel l i te system, the received signal  w i l l  be subject to ono or more of 
the fol lowing e f f ec ts :

Doppler f requency-shi f ts  due., to . the. . relat ive v e l o c i t i e s ,  between, s a t e l l i t e  and earth s t a t io n s ;

addi t i onal  transmission t ime-delry.due to the to ta l  length of the radi o path being greater
than the te r r e s t r i a l  distance between earth s ta t io n s ;

d is con t i nu i t i es  of transmission tTme—de1 ay duet to, the d i f ference in the length between radio
paths on switching from one s a t e l l i t e  to another.

The probable magnitude of these e f fec ts  i s  discussed in t h i s  sect ion,  and the remainder of 
the Report considers how various types of communication s ignals would be a f fec ted .

1.1 Doppler f requency-shi f ts

The magnitude of the tota l  Doppler f requency-shi f t  between the terminals of  a communication- 
s a t e l l i t e  system depends upon the wave-lengths used and the re la t i ve  ve l o c i t i e s  of the s a t e l l i t e  with 
respect to the earth s ta t ion s .  The major component of  the e f fec t  of  the Doppler s h i f t ,  e .g .  the s h i f t  
of the ca r r ie r  or a reference frequency of the t ransmission,  can be removed in the receiver  and i t  i s 
the d i f f e r e n t i a l  s h i f t  across the radio frequency spectrum occupied by the sign-1 that  produces a f r e ­
quency "s t re tch"  or "shrinkage" of the baseband s ig na l .  Depending upon the s i tua t ion  of the earth 
s tat ions  and the o r b i t ,  the Doppler s h i f t s  between t ransmi t t i ng  earth s tat ion  and s a t e l l i t e  and also
betweeh s a t e l l i t e  and receiving earth s ta t ion  can e i th e r  add or sub t rac t .  I f  5000 km is  taken as a
probable minimum orb i ta l  height fo r  a communication s a t e l l i t e ,  then the "s t re tch"  or "shr inkage" of 
the baseband signal w i l l  not exceed 2 parts in 10 . In most p rac t i ca l  cases, the o rb i t a l  height  w i l l  
be greater and the Doppler s h i f t  would be considerably less than t h i s ,  and in the p a r t i c u l a r  case of 
the stat ionary s a t e l l i t e ,  there would be no s i g n i f i c a n t  Doppler s h i f t .

* This Report, which was adopted unanimously, has been brought to the a t ten t ion  of the Extraordinary 
Administ rat i ve Radio Conference, Geneva, 1963.
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1.2 Transmission time delay

Transmission t i  me—delay in a communicat ion-satel l i te system depends 1-rgely on the a l t i t ude
of the s a te l 1i t es  and the number of Garth—sate 11i te_earth l i n k s ,  or hops, forming the connecti on.

With sta t ionary s a t e l l i t e s ,  the time delay i s essen t ia l l y  f i xed  fo r  a given c i r c u i t ,  but i f
the sat e l l  i tes a re ' in  mot i on r e la t i ve  to the earth,  the delay w i l l  vary with t ime.

1.2.1 Sinqle-fhop connections

For a single-hop c i r c u i t ,  the minimum possible time delay ( t mj n ) occurs when the two earth 
stat ions  are close together and the s a t e l l i t e  i s  d i re c t l y  overhead. The maximum possible time 
delay ( t maX ) is obtained when the s a t e l l i t e ' i s  at  the horizon as seen by both earth s ta t ions .
Thus, i f  h i s  the a l t i t u d e  of the s a t e l l i t e ,  r  i s  the radius of the earth,  and c. the veloc i t y  
of l i g h t ,  then l e t  R = r  +  h, fu r t he r  l e t  .3, be the angle at the centre of the earth between :the 
d i rect ions  of s a t e l l i t e  and earth s t a t i o n .  Then the time delay fo r  the earth s a t e l l i t e :  path i s :

t  =  ~  (ft2 +  r 2 -  2 R t c c o s  $  }c  .

From t h i s ,  the maximum and minimum time delays can be expressed as:

‘ mi n •  2t)f °

"Vax .  H r-fm r/h  )c 
c

Tfitf rnimmum tTme- delay in  pract ice «n 11 be s l i g h t l y  greater  man t mj n D e c a u s e  ine eartn 
s ta t ions  would na tu ra l l y  be some, distance apar t .  Also,  the maximum time delay would be rather  less

t h a n ; . t f ^  sjnce the earth stat ions  would not in pract ice work to angles of e levat ion less than perhaps 
5° ,  However, the above expressions give the mean time delay of  a single-hop c i r c u i t  and the possible 
range of va r ia t io n  about th i s  moan fo r  d i f fe r en t  posi t ions of earth s tat ions with s u f f i c i e n t  accuracy 
fo r  the present purpose.

To al low fo r  the addi t i onal  time, delay in the t e r r e s t r i a l  extensions from the s a t e l l i t e  
system earth s ta t io ns ,  i t  i s  considered reasonable to add a mean value of 30 ms wi th possible range 
of va r ia t ion  of _+20 ms. Appropriate values fo r  to ta l  single-hop delay (one way) f o r  two representat ive 
communicat ion-satel l i t e systems are thus derived as below:
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TABLE I

One-way t i  me delay (ms )

Moving s a t e l l i t e  
(a l t i t ude  14,000 km )

Stat ionary s a t e l l i t e  
U l t i t o d e '36,000 km)

Between earth 
s tat ions

Tail  extensions 

Totals

Min. Max. Mean Min. Max. Mean
I

92

10

128

50

110

. 30

240

10

280

50

*
260

30

102 178 140 250 330 290

F ig.  1 gives the maximum one-way path t i  me—de1 ay and the maximum earth s ta t ion  separat ion
distance against s a t e l l i t e  a l t i t u d e .

1 . 2.2 Multi  pie—hop connections

Considerat ion of the geometry of  a communicat ion-satel l i te system shows tha t  the mean radio­
path delay w i l l  increase in proport ion to the number of hops. The addi t i onal  delay assumed fo r  the
t a l l  extensions (30 +  20 ms) being the same fo r  a l l  cases, the fo l lowing  values are obtained.

TABLE

One-way mean time delay (ms

j Number j Moving s a t e l l i t e  I Stat ionary s a t e l l i t e
j of  hops | ( a l t i t u d e  1 4,000 km) j ( a l t i t u d e  36,000 km)

1 ; J
1 | HO ! 290

2 | 250 550

3 ! 360 i
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1.2.3 Var iat ion in delay as a funct ion of time

In a system using s a t e l l i t e s  in motion r e la t i v e  to the ear th,  the delay on any given c i r c u i t  
w i l l  be subject to a gradual change a r i s ing  from the varying distance between the s a t e l l i t e  and the 
earth s ta t io n s .  In a p rac t i ca l  moving s a t e l l i t e  system of the type referred to above, the range of 
va r i a t ion  would not o rd i n a r i l y  exceed 20 ms per hop.

One method of  e l im in a t in g ,  or at least minimizing th i s  change is: to inser t  a var iable t ime- 
delay device in the signal paths at earth s ta t ions .  The amount of time-d.elay thus inserted could 
be con tro l led  automat i cal l y to maintain the to ta l  t ime—de1 ay constant at a value s l i g h t l y  greater
than the mayimum t ime-delay of the radio path.

1.3 Swi tch.ing di scon.t inui t i  es

In a moving s a t e l l i t e  system, the time delay, due to p-th length,  changes when switching from 
one s a t e l l i t e  to another,  the'changes being posi t i ve or negat i ve.  The time di f ferences when switching 
from one s a t e l l i t e  to another,  would not be expected to exceed 40 m.s, and in pract ice would be ex­
pected not to exceed abou t '20 ms. The use of the var iable t ime-delay device refer red to in §1.2.3 above,
could reduce these swi tching d i sco n t i nu i t i e s  to neg l ig ib le  propor t ions.

With, a random s a t e l l i t e  system, time may also be lost: due to n on- ava i la b i l i t y  of a s a t e l l i t e  
at  swi tch-over .  JhiisMti 11 be a. funct ion of the number of s a t e l l i t e s  '.nd. the.ir. orbi ts: .  : In the case of 
the s tat ionary s a t e l l i t e ,  the problem of switching does not occur.

2.  Tel ephpny

2.1 Doppler frequency s h i f t s

When a baseband exceeding some hundreds of kc/s i s  used fo r  the t ransmission of FDM telephony, 
the "s t r e tc h 11 or "shrinkage" refer red to in §1.1 would be qui te unacceptable wi thout fu r th e r  co rrect ion .

Possible methods which could be used fo r  correct ion of t h i s  error  are:

a sui table var iable t ime-delay device as mentioned in §1.2.3:

the c a r r ie r  frequencies used in the f requency-divi  si on mul t ip lex equipment could be .auto­
mat ical ly  cont ro l led  to compensate f o r  the ef fec ts  of  Doppler s h i f t  and so reduce the over­
a l l  frequency^ er rors to. acceptably small Values.

The f i r s t  of these methods has the advantage that i t  would e f f e c t i v e ly  cancel . the errors re­
su l t ing  from the movement .of the s a t e l l i t e  in a manner s im i la r  to t h - t  in which they'are introduced 
( i . e . ,  by change in time delay during the pass).  This method would, there fo re ,  a l so,  el iminate a l l  
the e f fec ts  of  Doppler s h i f t  on the baseband signals and by sui table arrangements could avoid switching
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d isc on t inu i t i es  when t ransfe rr ing from the ear th -sta t ion  antenna fo l lowing a s a t e l l i t e  at the end of 
i t s  pass, to another ear th-stat ion antenna fol lowing the next s a t e l l i t e  of  the o rb i ta l  pa t te rn .  Con­
t r o l  of  the var iable delay could be performed e i the r  by using predicted o r b i t  informat ion or on a serve 
basis employing a p i l o t  signal t ransmi t ted from the ear th-s tat ion  to the s a t e l l i t e  and back to the 
same earth -s ta t ion  ( " lo ca l - l oop"  arrangement).

A l t e rn a t i v e ly ,  compensation fo r  the var iable delays could be located only at the rece iv ing  
end and control led by p i l o t  signals o r ig inat ing  at the d is tant  s t a t i on s .  The "1ocal - loop" method i s  
general ly p referable,  however, fo r  the fol lowing reasons:

i t  would ensure th t  only the correct  f requencies were received at the s a t e l l i t e .  This 
f a c i l i t y  could be of p a r t i c u la r  importance fo r  cer ta in systems, f o r  example, those using 
closely-spaced channels or blocks of channels with single sideb-nd modulation in the ear th -  
to-sate l  1 i t e  di rec t i  on ;

Doppler frequency "s t re tch"  might to some extent be obviated by s p l i t t i n g  the receiving band­
width in to  appropr iately separated port ions and providing independent compensations f o r  the 
blocks of c i r c u i t s  a r r i v ing  from each of the other earth s ta t i ons .

In the second method, the Doppler frequency "s t retch"  or "con trac t ion"  of the baseband would 
need to be accommodated by adaptat ions of the f requency-d ivi s i  on mul t ip lex equipment at each earth 
s ta t ion  and the C.C. I .T.T.  should, there fo re ,  be requested to study th i s  problem. The a t ten t ion  of 
the C.C. I .T.T.  should also be dr-awn to the special  requirements of communic-1i an—satel  l i t e  systems in 
which each s a t e l l i t e  would in general be used to relay s ignals from a number of  earth s ta t io n s .  This 
pa r t i c u la r  fac to r  would appear to point the need f o r  the C.C. I .T.T.  to study methods involv ing control  
of the earth -s ta t ion  frequency-divisTon mul t ip lex equipment e i the r  on a " loca l - loop"  basis,  as in de­
scribed under the f i r s t  method above, or on a route-by-route basis.

2.2 Transmission time delay

The transmission time delay associated wi th s a t e l l i t e  l i n ks  i s considerably greater  than th~t  
o rd in a r i l y  experienced with t e r r e s t r i a l  l i n k s .  This increase in time delay as wel l  as being a problem 
in i t s e l f  also increases the subject ive e f f ec t  of  echo and may give r i se  to complaints due to a contrast  
between d i f f e r e n t  ca l l s  made by the same subscr ibe r .

2.2.1 Ti me delay

A maximum value of to lerab le  delay has been recommended by the C.C. I .T .T .  f o r  c i r c u i t s  used 
in inte rna t ional  connections. Studies carr ied out by Study Group XII of the C .C . l . T ,T . ,  (Summarized 
in Doc. 20 of Geneva, 1963) p rov is ional l y  indicate that  in the absence of echo, the maximum one­
way time delay on an overal l  telephone connection (between subscr ibers)  should not exceed 350 ms.
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With th i s  l i m i t ,  the use of  communication s a t e l l i t e  systems fo r  telephony is res t r i c ted  re­
specting the number of l inks  which can be operated in tandem. It  w i l l  be apparent from the Table 
II tha t  not more than one l i n k  of s tat ionary s a t e l l i t e  systems may be included in such connections. 
In a system of moving s a t e l l i t e s ,  the permissible number of l inks  in tandem w i l l  depend on the 
p a r t i c u l a r  o rb i t  c h a r ac t e r i s t i c s .  In some cases, the time delay can be held wi th in recommended 
l i m i t s  by a sui table combination of s a t e l l i t e  and t e r r e s t r i a l  l i nks  fo r  telephone ca l l s  which other­
wise would be subjected to excessive time delay.

In order to make an approximate assessment of the re l a t i ve  proport ions of telephone t r a f f i c  
i n a world-wide system which would be appropriate to single-hop,  two-hop and three-hop connections, 
a s t a t i s t i c a l  analysis of  postal data of 1958 was made and the resul ts  are given in Table I I I :

TABLE I I I

Number
of

hops

Moving s a t e l l i t e  

(a l t i t u d e  14,000 km )

Stat ionary s a t e l l i t e  
(a l t i t u d e  36,000 km)

Mean
delay
(ms)

% of 
tota l  

t r a f f i c

Mean 
delay 
(ms)

% of, 
to ta l  

t r a f f i c

1 140 79 290 88

2 250 18 550 12

3 360 3 810 . -

2.2.2 Echo

Echo which has a very long time delay has a much worse subject ive e f fec t  on a telephone sub­
scr iber  than a s i m i la r  level  of echo with less delay and i t  i s  common pract ice on t e r r e s t r i a l  
systems for  echo suppressors to be included in the telephone c i r c u i t s  when the echo i s excessive 
Provided tha’t  a sa t i s fac to ry  echo suppressor i s  avai lable the l im i t s  given in §2.2.1 may be approach­
ed on overal l  connect ions. However, pending the a v a i l a b i l i t y  of such echo suppressors a margin 
should be allowed on these maximum values.

2.2.3 Time delay contrast

Due to somewhat longer absolute delay in time which wi 1.1 be experienced on c i r c u i t s  employing 
s a t e l l i t e  l i n k s ,  a contrast  between in terna t ional  telephone ca l l s  may be experienced. This con­
d i t i o n  could be encountered as a resu l t  of the di f ference in propagation time delays on d i f fe re n t  
occasions when d i f f e r e n t  f a c i l i t i e s  are employed. The time delays and the associated contrast 
which could resu l t  on t yp ica l  i n te rna t iona l  c i r c u i t s  are indicated below:
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TABLE IV

Examples of t i  me delay on typ ica l  i ntsrngt ional  telephone connections

Total length of 
connecti on 

(km)

Terrest r ia l  
faci  l i t i e s  

(km)

Great c i r c le  
distance be­
tween earth 
s tat ions using 
a s a t e l l i t e  at 
mediurn a l t i t u de  

(km)

Great c i r c le  

distance be­
tween earth 
s tat ions 
using s ta t io n ­
ary Sats.(km)

Typical  one­
way delay 
(ms) (1 )

25,000 25,000 - - 125

25,000 10,000 15,000 
( 2—1i nks )

- 314

25 ,000 10,000 - 15,000
( 1- l i n k ) 325

7,000 7,000 - - 35

7,0007 1,000 6,000
( 1- l i n k )

- 137

7,000 1,000 - 6,000
( 1- l i n k )

280

Contrast in time delay may occasional ly also be s i g n i f i c a n t  both as an annoyance to ' t he  
subscr iber and as a fac to r  in his a b i l i t y  to adapt to the very long delays.  This contrast  i s ,  of  
course, between t e r r e s t r i a l  c i r c u i t s  and s a t e l l i t e  c i r c u i t s  having the same subscriber terminal  po in ts .

The e f fec t  of  contrast between telephone ca l l s  and the a b i l i t y  of  the subscriber to adjust
to the long absolute delays in the presence of contrast  i s  not known. Further, study i s  requi red in 
order that  to lerab le l im i t s  can be determined. I t  i s recommended that  the C .C. I .T .T .  take th i s  
matter into considerat ion.

2.3 Switching d isc on t inu i t i es

Time di f ferences during t rans fe r  from one s a t e l l i t e  to another of up to perhaps 20 ms should
no.t cause d i f f i c u l t y  with telephone conversations as these would occur only r e l a t i v e ly  i n f re quen t l y .

. . Inter ference,  however, might be caused to high-speed telephone s igna l l i ng  which could res u l t  in errors 
but are unl ike ly  to add s i g n i f i c a n t l y  to s igna l l i ng  errors due to other causes.

(1 } For t e r r e s t r i a l  f a c i l i t i e s ,  i t  i s assumed that  high ve lo c i t y  4-wire plant  w i l l  predominate and 
the amount of 2-wire p l^nt  w i l l  p lay 'a minor role in the o v e r ' l l  connect ion. A ve lo c i t y  of 
propagation of 200,000 km/second has, there fo re ,  been assumed.
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3. Telegraph and data transmission

3.1 Doppler f requency-sh i f ts

The e f f ec t  of  Doppler f requency-shi f ts  w i l l  be i n s ig n i f i c a n t  in both telegraph -and data 
systems, carr ied by channels of  a wide-band FDM telephony system, provided that  the frequency e r ror  
due to the "s t r e tc h"  or  "shrinkage" of the baseband has been corrected.

3.2' Transmission t ime-delay

When one-way transmission only i s  involved,  t ime-delay would not be important .  However, there 
are cases where the loop delay i s  s i g n i f i c a n t ,  such as where automatic er ror  correct ion must be app l ied.  
Although the c i r c u i t s  provided by communiCat ion-satel l i te systems are un l i ke ly  to introduce s ig n i f i c a n t  
e rrors in data and telegthaph transmission,  the earth s tat ions may be l inked to more d is tant  terminals 
by other communication systems, such as HF rad io ,  which are suscept ible to e r r o rs .  In such cases, i t  
may be advantageous to apply e r ro r-co r rec t ion  to the whole c i r c u i t ,  i ncluding the s a t e l l i t e  l i n k .  The 
loop-delay t ime i s  then of  importance since i t  a f fec ts  the amount of  storage requi red.

The amount of  delay which may be encountered on such composite c i r c u i t s  i s  indidated i n '  
§§1.2.1 and 1 .2 .2 .  The most common system of  telegraph e rro r-co rrect ion  (ARQ) now in use, should, 
when using an 8-character  repe t i t i o n  cycle,  be able to accommodate loop delays of up to 850 ms. Ex­
tended storage would be required in the case of the two-hop s tat ionary system and may be requi red in 
the case of three-hop moving s a t e l l i t e  system.

For data systems which use automatic re pe t i t i o n  of i nco r re c t l y  received code blocks,  the 
storage capaci ty of the terminal  equipment must c le a r l y  be made s u f f i c i e n t  to accommodate the loop- 

■time“ d e t a y ~

Telex or Gentex operat ion may be confronted with some d i f f i c u l t i e s  as fa r  as long distance 
automatic se lec t ion i s  concerned: i t  i s  bel ieved tha t  th i s  i s  a matter which C.C. I .T.T.  should take 
i n to  cons iderat ion.

The smooth va r ia t ion  of t ime-delay,  a r i s ing  from the var ia t ion  of path length,  i s  unl i ke ly  
to present any d i f f i c u l t y  on the t ransmission of e i the r  telegraphy or data.

3.3 Switching d is co n t i nu i t i e s

These d i s co n t in u i t i e s  would a f f ec t  any telegraph c i r c u i t  using synchronous p r i n t in g  or  e r r o r -  
correc t ing systems in which terminal  synchronizat ion was requi red;  At LOO bauds transmission speed, 
f o r  example, each element of  a 7-uni t  code would occupy 10 ms and, with a 2-channel system, i t  would
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be possible to " s l i p "  a f rac t i on  less than ha l f  an element, 'say 4 ms, without loss of  phase. The 
values suggested in §1.3 are considerably in excess of t h i s ,  so loss of phase might be expected at 
each swi tchover.  Present ARQ equipment would automat ical ly re-phase, and there would be an i n t e r r u p t i o n , 
on an average, of  about eight seconds. The loss of about e ight  seconds of c i r c u i t  t ime, while re-phasing 
takes place, at  each switchover,  w i l l  not be a serious disadvantage unless the switchovers are very 
f requen t.  The loss of phase at switching would not occur wi th stat ionary s a t e l l i t e  systems.

Switching delay d i f ferences of  the order of  20 ms would be l i k e l y  to cause one or possibly 
more character errors in an unprotected 50-baud s ta r t -s top  telegraph c i r c u i t .  Since switching from one 
s a t e l l i t e  to another would occur only in f requen t l y ,  such errors may be considered to have only a s l i g h t  
e f f ec t  on overal l  c i r c u i t  performance.

The switching d is con t inu i t i es  o f u p  to perhaps 20 ms would a f fec t  data transmission by causing 
errors to occur in one or more code blocks,  loss of block phase. Provided the swi tching from one 
s a t e l l i t e  to another i s  f a i r l y  inf requent ,  the errors of the f i r s t  type would not be ser ious,  and would 
in fac t  be s im i la r  to the e f fec ts  of  occasional switching or noise disturbances to be expected on normal 
l i ne  c i r c u i t s .  The loss of block phase resu l ts  d i re c t l y  from the time d i scon t inu i t y  and has no equiva­
lent in  l ine, systems. Block phase would thus need to be re-establ ished on data c i r c u i t s  each.t ime a 
switch from one s a t e l l i t e  to another occurs, unless means are adopted to compensate fo r  the delay d is ­
co n t i n u i t y .  However, i f  the switchovers are not unduly f requent,  3nd re-phasing of the data transmission 
system is  arranged to take place au tomat i cal l y,  the loss of c i r c u i t  t ime due to th.is, cause would not be 
a serious disadvantage.

4. Phototelegraphy

4.1 Doppler f requency-shi f t

This w i l l  be in s ig n i f i c a n t  in phototelegraphy systems carr ied by channels of an FDM telephony 
system, provided tha t  any frequency e rro r  due to the " s t r e tc h "  or "shrinkage" of the baseband has been 
corrected.

4.2 Time delay

The absolute time delay i s  of no importance, but the smooth va r ia t ion  w i l l  produce a "skew" on 
the received picture to an extent depending on the amount by which the delay var ies during the time taken 
to transmit  the complete p ic tu re ,  which i s  of the order of 15 min., fo r  equipment conforming to C .C. I .T.T.  
standards and working at 60 r .p .m.  In an operat ional  communicat ion-satel l i te system, the delay-var­
ia t io n  over a 15 min. period i s  unl i ke ly  to exceed 10 ms, and t h i s  would resu l t  i n  a per ipheral  d i s ­
placement of  the f i na l  scanning l i ne from i t s  t rue posi t i on by about \% of  the picture widths.  This 

. amount of skew d i s t o r t io n  would be acceptable in'  p rac t i ce .  I t  should be noted, however, tha t  skew 
d i s to r t io n  can also ar ise from di f ference in drum speed between t ransmi t t i ng  and receiving terminal  
equipments. The C.C. I .T.T.  recommends that  the terminal equipments should be equalized to wi thin a 
tolerance of  10-**, which is equivalent to a change of delay of 10 mi l l iseconds over a 15-min. per iod.
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In the most unfavourable circumstances, the delay var ia t ion  of the s a t e l l i t e  system could increase the'  
e f fec t  of  t h i s  speed di f ference and increase the to ta l  skew to about %  of the p ic ture width.  However, 
such an unfavourable combination of errors would be un l i ke ly  to occur f requen t l y .  The foregoing refers 
to equipment conforming to C .C. I .T .T .  standards, but i s equal ly appl icable to other types of equipment 
which provide s im i la r  d e f i n i t i o n  standards, despite di f ferences in transmission ra t e .

4.3 Switching d is con t inu i t i e s

The e f f ec t  of  these d is co n t in u i t i e s  would be to immediately displace (e i the r  in an advance or 
a retard d i re c t i o n )  any succeeding posi t i on of the picture re la t i v e  to the pre-swi tched pos i t i on .  For 
equipment conforming to C.C. I .T.T.  standards and using a drum speed of 60 r .p .m . ,  a time delay d iscon t in ­
u i t y  of  20 ms would produce a displacement of  about 1% of the picture width,  e.g.  0.5 cm displacement 
in a p ic tu re  25 cm-wide. This displacement would be a serious defect in most pic tures or in t ypescr ip t ,  
meteorological  charts ,  e tc .  With higher scanning ra tes ,  the displacement would increase in p ropor t ion.  
The amount of such displacement that  could be accepted as tolerable i s of course a matter to be decided 
in consul tat ion with the C.C. I .T.T.  i t  seems l i k e l y ,  however, that  sw i t ch i ng 'd iscon t inu i t i es  o f . the 
order of  20 ms would produce unacceptable d i s to r t io n  in the major i ty of cases, and would, the refore,  
need to be avoided, e i ther  by sui table delay-compens^tion techniques (see § 1 .2 .3 )  or by arranging that  
the p ic ture transmissions occur outside of switching t imes.

5. Television transmission

5.1 Doppler f requency-shi f t

The change in f i e l d  frequency introduced by Doppler s h i f t  is very smal l .  In normal monochrome 
te l ev i s io n  p rac t i ce ,  the accuracy of the f i e l d  frequency at the programme source i s l i k e l y  to be the 
l i m i t i n g  fa c t o r  as fa r  as disturbance to domestic receivers i s  concerned and Doppler s h i f t  w i l l  not be 
of concern.

While i t 'may u l t ima te ly  be desi rable to correct fo r  the e f fec ts  of  Doppler s h i f t  on colour 
te le v is io n  s igna ls ,  i n i t i a l  tes ts  with an experimental s a t e l l i t e  system have demonstrated that  standards 
N.T.S.C. colour receivers using crystal  control led sub-carr ier  os c i l l a to rs  w i l l  operate s a t i s f a c t o r i l y  
wi th the order of  Doppler s h i f t  l i k e l y  to be encountered in a p ract ica l  communic-'ti on—sate 1 l i t e  system.

5.2 Transmission time delay

The transmission time decays summarized in §1.2 w i l l  in no way l i m i t  the t ransmission of 
te l ev i s io n  s ignals,  provided that  the accompanying sound signals are subject to the same order of de lay .

Only a small over-a l l  time di f ference between sound and v is ion  signals can normally be t o l —' 
erated before the sound becomes not iceably out of synchronizat ion with the p ic tu re .  I t  i s ,  therefore,  
desi rable tha t  in a communicat ion-satel l i te system, f a c i l i t i e s  should be provided to enable the v i s ion 
and accompanying sound signals to be t ransmi tted together over the system.
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5.3 Switching d is con t inu i t i es

Switching from one moving s a t e l l i t e  to the next i s  very s im i la r  to and w i l l  general ly produce 
the .same e f fe c ts ,  as switching between "non-synchronous" programme sources, and can res u l t  in temporary 
disturbance to ,the receiver  f i e l d  t ime-base.

The actual time over which the disturbance exists  w i l l  vary in pract ice depending upon the 
re la t i ve  phase re lat ionsh ip  at the moment of  swi tching,  but w i l l  normally l i e  between 0.5 and 2.0 seconds.

The chang'e in  transmission time delay on switching may introduce a small d i sc on t inu i t y  in 
sound signal which, although notic.able, should not be d is tu rb i ng .

As switching in a s a t e l l i t e  system w i l l  be in f requent ,  the e f fec ts  on both v is ion  and sound 
signals should not prove too ser ious.

6.  Summary

The s igni f icance of transmission time delay,  Doppler f requency-shi f t  and switching d iscon--  
t i n u i t i e s  in communicat ion-satel l i te systems var ies with the type of service or signal t ransmi t ted,  
and with the characteri  s t ies  of the s a t e l l i t e  o r b i t .  In general ,  s ta t i on - r y  s a t e l l i t e s  are not expected 
to introduce s i g n i f i c a n t  Doppler frequency-shi  f t s  or switching d i s c o n t i nu i t i e s ,  but w i l l  introduce sub­
s ta n t ia l  transmission time delays.  ''Moving s a t e l l i t e  systems w i l l  introduce greater Doppler f requency- 
s h i f t  and switching d is c o n t i nu i t i e s ,  but w i l l  af ford lower transmission time delays per s a t e l l i t e  l i n k .

The major component of the Doppler frequency-shi  f t  c?n be removed in the radio-f requency re­
ce iver ,  but there w i l l  remain a "s t r e tc h"  or "shrinkage" of the baseband spectrum due to d i f f e r e n t i a l  
frequency s h i f t .  The e f fec t  on monochrome te le v is ion  w i l l  be i n s ig n i f i c a n t  and the e f f ec t  on. colour 
te l ev is ion  w i l l  probably be to le ra b le .  In telephony, with the general use of broad-band single side­
band mul t iplexing techniques, the changes in baseband spectrum ( d i f f e r e n t i a l  Doppler) w i l l  requi re 
compensation in the form of  time delay equal i zat ion of the en t i re  baseband or of  automatic control  of  
the ca r r ie r  frequencies used in the mul t iplex equipment. I t  i s  f e l t  th^ t  such compensation i s  fe a s ib le .  
Telegraph, data and phototelegraphy services which are t ransmi tted over ch-nnels adequately corrected 
fo r  telephony should not requi re any fu r the r  considerat ion of  Doppler e f f e c ts .

Transmission time delay need not be of concern fo r  services u t i l i z i n g  uncorrelated one-way 
channels, e .g .  te l ev is ion  alone, phototelegraphy, and those telegraph and data systems not requi r ing 
e rro r  co r re c t ion .  Telegnph and data systems with automatic e r r o r  correct ion may requi re adaptat ion 
in order to cope with the time delays of communication by s a t e l l i t e s ,  which w i l l  o rd i n a r i l y  be greater  
than encountered on other transmission media. In the case of  te lev is ion  with an accompanying sound 
channel, which i s  the usual case, precaustions w i l l  be requi red to see that  th e i r  r e la t i ve  t ransmission 
delays are wi thin acceptable values. Transmission .of the v i s ion  signal  and sound signal  over the same 
s a t e l l i t e  system i s  des i rable.
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Transmission time delay takes on added s igni f icance in the case of telephony. In the 
absence of echoes, C .C. I .T.T.  studies indicate t h - t  an overal l  round-t r ip  delay of 700 ms between 
subscribers (350 ms one-way) should be the maximum al lowed. However, sa t i s facto ry  operat ion of 
prac t i ca l  c i r c u i t s  having 700 ms loop delay is condi t ional  upon the development of bet ter  echo sup­
pressors‘ than are current l y  ava i lab le .  Consequently, communicat ion-satel l i te l i n k s ,  or combinations 
of l i n k s ,  y ie ld ing  overal l  loop delays approaching 700 ms should be considered with caut ion.

Subscriber tolerance of the contrast between the r e l a t i v e ly  long time delays of s a t e l l i t e  
c i r c u i t s  and the shorter delay of c i r c u i t s  over conventional f a c i l i t i e s  requires some considerat ion.

The switching d iscon t inu i t i es  estimated fo r  pract ica l  moving s a t e l l i t e  systems w i l l  occur 
s u f f i c i e n t l y  in f requen t l y  aid be of short enough durat ion to be considered to le rab le  (or correctable 
with supplementary equipment) fo r  a l l  of the services reviewed.

The a t ten t ion  of the C .C. I .T .T .  and the C J . T . T .  i s  drawn to the problems which may ar i se 
in communicat ion-satel l i te systems due to Doppler frequency sh i f ts , ' t ransmiss io r i  time delays and 
switching d i s c o n t i n u i t i e s ;  the C .C. I .T.T.  with regard to telephony, telegraphy,  phototelegraphy and 
data t ransmission and the C.M.T.T. fo r  te l ev i s io n  t ransmission,  including the related sound channel.
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3. Direct  broadcasting from s a t e l l i t e

REPORT 215*

FEASIBILITY OF DIRECT SOUND AND TELEVISION BROADCASTING 

FROM SATELLITES 

(Question 241 ( IV))

(Geneva, 1963)

1. Int roduct ion

The large coverage area possible from a sa te l l i t e -born e  radio t ransmi t te r  raises the 
p o s s i b i l i t y  s?f establ i shing a broadcasting service d i rec t  to the general publ ic despi te the major 
technical  problems that  would need to be resolved. In th i s  case, an earth s ta t ion  t ransmi t te r  
would d i rec t  programme material  to the s a t e l l i t e ,  which in turn would broadcast t h i s  over a wide 
area to ind iv idua l  home receivers,  by e i th e r  passive or act ive techniques. This Report is based 
on documents 1-4 appearing in the Bibl iography.

Communication s a t e l l i t e  systems used to relay programme material  to earth s tat ions fo r  
subsequent broadcast are not considered to  be a space broadcasting system and are not, therefore,  
discussed in th i s  Report.

2* Preferred s a t e l l i t e  o rb i t s

Table I shows the amount of broadcasting time possible f o r  d i f f e r e n t  o rb i t s ,  and the 
approximate coverage area possible from each of these o r b i t s .

TABLE 1

S a t e l l i t e  a l t i t u d e Passes per 
day over a 
given point

V i s i b i l i t y  
per pass 
(minutes)

Coverage area f o r  maximum j 
broadcast period (degrees j 

of longitude at the equator .)  i(km) s tatu te  miles

320 200 16 9 16° fo r  5 min. programme

1 600 I 000 12 24 28° f o r  15 min. programme i

8 000 5 000 4 126 60° f o r  1 h. programme

36 000 21 300 s tat ionary continuous j 160° continuous l

This Report, which was adopted unanimously, has been brought to  the a t ten t ion  of the Extraordinary 
Administ rat i ve Radio Conference, Geneva, 1963.
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There are a va r ie ty  of orb i t  p o s s i b i l i t i e s  f o r  communication s a t e l l i t e  systems, but the 
d e s i r a b i l i t y  of r e l a t i v e ly  simple receiving antennae f o r  home recept ion and of uninterrupted 
broadcasting, preclude considerat ion of a l l  but s ta t ionary s a t e l l i t e s  using the synchronous o r b i t ,
36 000 km (22 300 miles) above the earth.  Low o rb i t s  are considered to be unsa t i s factory f o r  
s a t e l l i t e  broadcasting because they do not permit uninterrupted broadcasting, and would require 
complex t racking antennae with home receivers.

More than a th i r d  of the surface of the earth (see Fig.  1) would be v i s ib l e  from a single 
sta t ionary s a t e l l i t e ,  and th is  would permit the use of f i xed antennae at home receiving i n s t a l la t io n s ,  
and at earth s ta t ion  t ransmi t ters used to t ransmi t  programmes to the broadcasting s a t e l l i t e .

3. Preferred technical  characte r i s t i cs

3.1 Compat ib i l i ty  wi th exist ing t e r r e s t r i a l  broadcasting systems and standards

I t  appears that  a major considerat ion in d i rec t  broadcasting from s a t e l l i t e s  would be the 
large number of earth s tat ion  receivers (heme receivers)  which might be used to receive such 
broadcasts. This would suggest that  space broadcasts should be received on typ ica l  home receivers 
in preferably the same manner as conventional t e r r e s t r i a l  broadcasts are present ly received, and 
that  the technical  standards f o r  b roadcas t ing -sate l l i te  systems should be compatible wi th ex is t ing 
standards f o r  the t e r r e s t r i a l  broadcasting serv ice.

Since technical  standards vary in d i f fe r e n t  areas of the world, addi t i onal  c i r c u i t r y  may 
be required in home receivers to achieve compa t ib i l i t y  when more than one set of technical  standards 
are in use in the area in which space broadcasts can be received from a s a t e l l i t e .  Such c i r c u i t r y  
should enable the select ion of the appropriate technical  standards to  be made by simple adjustment 
of the receiving cont rols.

3.2 Frequencies f o r  broadcas t ing -sate l l i te  systems.

Direct  broadcasting to heme receivers,  with minimum modi f i cat ion to the l a t t e r ,  would 
requi re that  space broadcasting take place in bands already al located to the broadcasting service 
in the Radio Regulations (Geneva, 1959).

It is considered that  the e f fec ts  of the ionosphere preclude uninterrupted d i rect ,  broad­
casting from s a t e l l i t e s  in bands 5, 6 and 7. While the broadcasting service a l loca t ions  in bands 
8 and 9 are propagat ional ly sui tab le,  t h e i r  use f o r  space broadcasting would require t ime and/or 
area sharing, since channels in these bands are present ly assigned heavi ly throughout most of the 
world on a planned basis.  Use of these bands f o r  d i rec t  s a t e l l i t e  broadcasting raises frequency 
sharing problems which require fu r t he r  study by the C.C.I .R.  While band 10 is tec hn ic a l l y  sui table 
f o r  space broadcasting, nevertheless there is no t e r r e s t r i a l  broadcasting in th i s  band at present, 
and home receiving equipment is not avai lable [ ~ \ J .

For greatest e f f i c iency  i t  appears that  the earth s ta t io n  t r ansmi t te r  sending programmes 
to the s a t e l l i t e  should operate in an appropr iate communicat ion-satel l i te service band between 
1 and 10 Gc/s, or higher.
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4.1 Passive s tat ionary  s a t e l l i t e

Reference J _  \_ J  considers a s tat ionary s a t e l l i t e  in the shape of a rectangular t r ihedron 
100 meters in diameter as a passive r e f le c t o r  of radio broadcasts. Such a s a t e l l i t e  would provide
a uniform received f i e l d  of ImV/m throughout an area of the size of France i f  the t ransmi t ted
power di rected to the s a t e l l i t e  from the earth is 30 MU, and the diameter of the earth t ransmi t t i ng  
antenna is-8400 A, . I f  one were content with a received f i e l d  of 0.1 mV/m, the t ransmi tted power 
required would be of the order of 300 kW.

4.2 Act ive s ta t ionary  s a t e l l i t e  fo r  FM sound broadcasting in band 8 .

Reference T l contains ca lculat ions f o r  the order of s a t e l l i t e  primary power that  would 
be required f o r  FM sound broadcasting in band 8 from an act ive stat ionary s a t e l l i t e .  Examples 
are given f o r  the case of maximum coverage (approximately one-thi rd the surface of the earth) and 
f o r  l imi ted geographical  coverage (approximately the size of Europe). A s i m i la r  example f o r  the 
coverage of North America is given in •

Table II summarizes the resul ts  given in_T2_7 and /_ 3\ J .  The primary power requirements
shown have been computed by the method in Reports 65 and 112 and Document No. IV/57 of Washington, 
1962. The primary power requirements are those necessary fo r  producing at the receiver  terminals,  
a level equivalent to that  obtained wi th a dipole in a received f i e l d  of 50,u V/m as contained in 
Recommendation 412. They do not take into account ionospheric or atmospheric absorpt ion, te r ra i n  
e f fec ts ,  or power required f o r  sa t e l l i t e ,  equipment other-than-the broadcast t ransmi t te rs .

4 .  O r d e r  o f  powe r

-TABLE-l t

Primary power requirements f o r  FM sound broadcasting in band 8

------  -- ------  ----- ------- ---------  -------- "■ '£.......... * ..........  1:
Maximum
coverage

i ....................... 1
I Europe j| North America

Required pre-detect ion s igna l- to-no ise r a t io  (db) 26 26 26

Required signal  power (dbW) -115
i

-115 -115

Receiving antenna gain (db) 6 6 6

Half-power beamwidth of t ransmi t t i ng  antenna (degrees) 17.5 i 5.5j 10

Diameter of parabol ic t ransmi t t i ng  antenna 12.5
j

40 20

Gain of t ransmi t t i ng  antenna (db) 19.3 29.4 23.6

Required t r ansm i t t e r  power (W) 550 54 205

Primary power required based on 50$ e f f i c i ency  (W) 1100 108
* - ................

410
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4.3 Active stat ionary s a t e l l i t e  f o r  te l ev is io n  broadcasting in bands 8, 9 or 10

Reference ( J l l  contains calculat ions fo r  the order of s a t e l l i t e  primary power that  would 
be required f o r  te l ev is io n  broadcasting in bands 8, 9 or 10 from an act i ve sta t ionary s a t e l l i t e .

Table l i t  summarizes the primary power required fo r  maximum v i s ib l e  coverage (approximately 
one-thi rd of the surface of the ear th) ,  whi le Table IV summarizes the requirements f o r  coverage of 
a l imi ted geographical area (approximately the size of Europe). The power requirements shown do 
not take into account ionospheric or atmospheric absorpt ion, t e r r a i n  e f fec ts ,  or power required 
fo r  s a t e l l i t e  equipment other than the broadcast t ransmi t ters .  The spec i f i c  parameters assumed in 
est imat ing the power requirements are given in Appendices 1 and 2 of /_2^7 and the required powers 
have been computed by the method in Reports 65 and 112 and Document No. IV/57 of Washington, 1962.

TABLE I I I

Primary power requirements fo r  maximum coverage 

te l ev is ion  broadcasting in bands 8, 9 or J_0.

j Band 8 Band 9

--
Band 10

Frequency (Mc/s) j 70 ‘ 650 11 800

Assumed ra t io  of peak c a r r ie r  to r .m.s.  noise (db) 30 30 30

!
Required signal  power (dbW) J -97.2 -94.1 -102.8 ^  ^

Receiving antenna gain (db) I
j

6 15.2 38.8

. !
Half-power beamwidth of t ransmi t t i ng  antenna (degrees)

'
17.5 17.5 17.5

Diameter of parabol ic t ransmi t t i ng  antenna (metres) 17.9 1.9 0.11

Gain of t ransmi t t i ng  antenna (db)
'

19.3 19.3 19.3

Required v is ion  t ransmi t te r  power (kW) 17.4 427 74

Required sound t ransmi t te r  power (kW) 4.3 107 18.5

Primary power required based on 50? e f f i c i ency  (kW) 43.4 t
1 068 185

^  Based on the assumption that  the f ront  end of the receiver  w i l l  be designed as an integral  
part of the receiving antenna.
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































