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CONFERENCE (Booklet 3)

8 October 1963

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

1.

COI1I7TiES 4 and 5

REPOLT 244%)

ESTIMATION OF TROPOSPHERIC WAVE TRANSMISSION LOSS

(Geneva, 1963)

Introduction

Study Programmes 185A(V), 185B(V) and 190(V) state requirements
for radio propagation data and their analysis for frequencies from 40 Mc/s
to at least 20 Ge/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,
Mach of these data have been obtained in the past and is presently being
furnished in response tc the request of the Director, C,C,I,R., in 4/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 /[ // 2 7/ 7/2 7/ 7.

An International Working Group has been established to continue
the work of collecting and analysing data in accordance with Resolution 2,
This preliminary Report surmarizes data available at present in the frequency
range 40 Mc/s to 10 Ge/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 § 2 is useful for the prediction of tropospheric transmission loss 3
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 becn 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,
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It is desirable that the various Administretions interested in
this problem should nake comparisons between their own experinental data
and the prediction nethods nentioned in this Report, and eventually with
any other nethods, and that they should present their conclusions to the
International Working Group through the Direetor, C.C.I.R., prior to the
XIth General Assenbly.

No existing method can provide accurate predictions in all cirecun-
stances, and for specific point-to-point paths, errors as much as several
tens of decibels can exceptionally occur in the estination of the trans-
nission loss not exceeded for 0.1 and 0.01% of the tine (the very high field
strengths). However, it nust be pointed cut thot neasurements must be nade
over a very long pericd of time if substantially better empirical predictions
are to be provided.

Free space propagation

Recomiendation 241 and Report 112 of the C.C.I.R. (1959), relate
availeble power P, from the receiving antennc, total radiated power P_, the
transnission loss L, the basic traonsnission loss Lb and the path antefina gain
Gp as follows : :

P:Pr—L (la)

L_b=L+Gp (lb)

The attenuation relative to free space, 4, is ‘defined as :

A=ty = Lypdds | 2
—- e : *
Lyp = 32.446 + 20 log £,/ + 20 log 7y (3)

where 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 inportant
to know the attenuation relative t., free space A(p) between the earth. station
end space station as o function of time availability p, range r , frequency
f, and the elevation angle ¢ ; the example. shown in Fig. 1, wes drawn for
® = 0,3 radiens ond for an ftnosphere in which the earth temperature is 20°C,
tRe pressure is 760 rn of mercury, and the water vapour density is 7.6 g/kg
with a tetal rainfall of 1 neter per yeor.

*  Bquoation such as (3) nay conveniently be expressed in nomogram forn,
see Fig. 16.
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In free space, ignoring absorption the calculated transmission loss
is:

D=L~ Gf8) -0 (2) ap, (4)

where G (f) and G (?) are free space transmitting and .Treceiving antenna
power galns in a glreotlon # for the same polarlzatlon.

Effects of the ground

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

LA ==6+-10 log sin2'< T AT }\')db, ‘ (5)

where A is the radio wavelength and Ar =rj + rp — r, is the difference
between direct and ground-reflected ray paths shown on Fig. 2. An effective
earth's radius, "a" rather, than the actual earth's radius was used to allow
for average refracﬁlon of radio rays in Fig, 2. TFig. 3 shows "a" versus
Ng = (ng - 1) x 10”, where ng is the radio refractive index of the
atmosphere at the earth's surface,

- For small grazing angles, ¥ , and with antennae hjy and hy (km)
above the ear*h where rays r; and rp make equal angles of incidence and
reflection,

AT ~; 2hihi/a. | | (6)

1 2

where h! and h! are the antenna heights above a plane tangent to the earth
at the point of reflection. '

For equal antenno heights over ayspherical earth of effective
radius a : '

Ar = d (sec ¥ -~ 1). (7)

The greatest distance 4 = d for which A = O nay be obtained
graphically from the relation

2n°/a, - nd_[(2a) + &/(8a°) = 2/6 (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 9. represcnt thoAanglo of elevation of the dircet ray r
rclative to thg horizontal at the lower antenna, hl’ assunic thot hl<;’<;
h2, hl< <9a¥ /2, and thot ¥is smali. Then, . -

= —t ~ y z A a |
A r-._,.z hla-sln\_}'_/r\lhl . ﬁ/&h 0 4h1/f3\..) +:‘\'} h] b4 o (9)

vherc ﬁh nay bé oithor positive or negative, For & = O, dlszhl/(3W).
La

A propagation path with o single isolated:terrain featurc vhich is
the horizen for both terninals nay often be ecnsidered as having a single
diffracting knife cdze between the terminels as illustrated in Fig. 4, from
which thc diffraction oticenumation relative to frec spacc, A(v) nay be
?btai?ed, cithor for lin-of-sight paths (v<0), or for tronshomizon paths

v=>0),

- An epproxinate formula for determining diffroction attenuation
relative to free space, £, over o smooth earth for horizontal polarization
is' : S ' _ '

A=6(x) - F(x)) - Fxy) - 20,67 db. - (10)
‘The functions G(xo) and F(x ) arc

) and an auxiliary function A(-
plotted in Fig, 5t :

1,2 *1,2

= = = B = . o
x =dB, x =d; B, x, 4B, 1 B 1,607 £77 Gy (11)

1 .
Co = (8497/3) /3:
where dL£=9 2h . and dIJ?: 2 h ore distonees fron cach antenna to its
srooth carth raglo horizon, Tﬁo error in A Ui}l Be less than 1 db if

=% Alx) - %, Ax) >320 . - (12)

This assumecs that tcorms boyond the sccond in the rcsiduc series nay be
neglected, and that the sccond tern is much less than the first.

Just beyond the radio horizon of a transmitter, the doninant
propagation mechanisna for morc than half the time is usually diffraction,
Well beyond the horigon, the dominant nmechanisn is usually forward scattor,
espeeially during times of day and scasons of the ycor whon strong ducts
and clevated layers aroc -rarc.



2.3

2.4

Addendun Mo, .1 to Document No, 1~@
Fage 5

Forward scatter

The longutorm'ﬁodian basic transnission loss (i.o. the
transnission loss between isotropic antcanac)duc to forward scotter is
approxinatcly:

L, (50) = 30 log £ — 20 log 4 + F (84a), (13)

where F (%d) versus the product ©d is shown in Fig, 6a and 6b for the
following climatos:

1., Continental tonperate (data from Fronce, ¥,G,R., and UBS.A.)
2, Maritine tomperatce, overland (aata frem UK. and Japan)
3. Maritime tompcerate, oversca (éata fron U,K. and Japan)

4, Maritinc sub—tropical, overland (dwtw from eat Co%st of
. A»rlcu)

5. Moritine sub-tropical, oversca (data frbm vcsf(COast of Africa)
6. Doscrt (Schara)

T DLguatorial (du‘cn fron Congo ond Ivory Couut)

8. Contincntal sub-tropical (Sudan)

The angular disto ance, &, is the angle between rvadio horizon
rays in the ;rcat cirele planc contoining the antennac and d is the distance

in kilometers betweon antennac,, 1_7.

Tronsnission loss voriability

The perfornance ¢f a radio scrvice ond the feasibility of
frequeney sharing botween scrvices dopend on signal-to-noisc and ‘signal-to-
interfcerence ratios. As o gencfal rule, adequatc dcrvice over a radio path
requircs protection agoinst noise when propagotion conditions are »oor, and
requircs protcetion against interferonce fron co~channcl or adjacent channel
signals when propagation conditions arc good. Note that ninimum gcceptable
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ratios depend on the partifular types of fading cxhibited by wanted and
unwantced signals and noisc, as well as upon the demodulation and coding
schenes used., Thesc rotios do not vory in time unless the type of fading
changes, Available ratios, on the other hond, depend upon the strength

of available signals and noisc, and do vary in time. Conscquently, a
distinction is nnde betvecen the rapid "phasce interfercnce fading® associated
with rulti-path phenoncna nand the slow diurncl and scasonal ¢hanges, or
"long-tcrnm power fading" associated with changes in average refraction,
turbulonce, or strotification in the atnosphere.

It is convenicnt to divide the instontancous envelope poucT
cxpressed in dbW into two additive conponents, onc associatved with phase
intorfercnce fadin~ and onc associated with long~tern power fading. This
Report deals only with long-tcrn hourly median tronsnission losscs and
their variability with tinc throughout a year.

In order to cstimate P(p), the valuc of P cxceeded p percent
of the time, or L(p), the valuc of L cxcecded (lOO-p) percent of the tinme,
an "offective distance”, do’ is dufincd as o function of the propagation
path length, d, offcetive ontcnna heights h, and h above the foreground
terrain, and the radic frequency £ in Me/s3 e

< _ 1/3
Ford, =-d dm, d, = 65(100/£)~ 7,
4, =130/ [1+ (d, = da,,)/a7 km (14)
For dso> dsl’

where dso =d -,/ 18000 hte -,/ 18000 hre is the smooth earth distance
between radio horizons, and dsl spproximates the distance between horizons

when diffraction and fbrward‘scatter fields are equal. In this Report,
heights and distances are in kilometers, and angles &re in radians. P(@)

and the corresponding transmission lossL(p) are referred to long-term
median values P(50) and L(50); ' :
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Thus:
P(p) = P(50) + y(») av (152)
L(p) = 1{50) - y(») ab (15b)
y(p) = v (p,d ) &lp,) (16)

vhere cmpirical cstimates of the factor g are showm in Pig, 7 and of y in
Figs., 8 to 15 for the various climates,

An estinatce of the stondard error of prediction for any given
percentage of the time is given by the formula:

7 (p) =;/-'13 +0.12 y2(p) ab {17)

Swimary of an altcernative method[f?1;7‘173;7

The nethed swmarized here was developed following professional
cxpericnce acquirced during the construetion of a nunber of radio-relay systonms,
both line-of-gsight and trans-horizon,

An attenpt has been mede to reduce the calculations to a minmnun
and to usc the rosults of experimcents wherever possible,

For convenience, thorce arc 4 scparctc zones:
-~ Frce space;
~ Zonc of interfcronce;

- Diffraction zonc a) fron o ridge and b) fron the curvaturc of
the corth;

~ "Scatter"zone;

For the first threce paris a scrics of nonograns is used ZTB_7
an cxample of which is given in Fig, 16.

For the fourth part, the proccdurc is as follows:
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Method used in the "scatter’ 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 excecded for at least 50%, 10%, 1% etc. of the time. The accuracy
of the calculations generclly 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 prepored for o frequency of 1 Gc/s for different climates.

The loss between isotropic antennac is thus obtained for the climate considered.

For ony frequency between 200 and 4000 hc/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 f:equency 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 interestin; to know the month during
which the smallest loss (high field) occurs. The difference between the
worst month and the best month moy he found experimentally for 99% levels
and for different climates; however, details of this procedure are not given
here. The loss not excecded during any percentage of the best month is
calculated from the standard deviation as above.

Note 1: Vhen a system has to be planned by calculation for a climate not
listed here, the worst month of the ycar is ascertained by radiometeorology
based on the study of o functlon M of two parameters: equivalent gradient
and stebility. These parameters and this function can easily be calculated
from norograms ZT3;7. For engineering a system, confirmatory tests are
confined to the worst month of the yecr; Tor interference studies such tests
arc made during the best month.

If it is impossible to make tesis, a known climatc is taken as a
reference and AN is added, representing the diiference between the reference
climate and the climote for which the project is intended.

Note 2: Thc method described here .is specifically directed to those
C.C.I.H. requircments, which pay special attention to the weak fields during
the worst month of the year (calcul~tion of systems), and h:gh fields
(assessment of nterference).

*  Here, equivalent distance is defined as the angulcr distance,9 , times
the effective radius of the carth,



4.

Lddendunn No, 1 to Document No, 1-E

Page 9

Thermal noise in line~-of-sight systemsr

In' the overall estimation of the performance of line-of-sight
radio-rélay oystems it is important to take into account the effects of
thermal noise, This problem has been discussed in Doc. 196 (U.5.5.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 appreciaction of their iimitations and
of the advantoges of more elaborate methods. The aim of the International
Working. Group will te to produce o comprehensive report which shows:

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

~ How to estimote 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 type of diffraction to the opposite extreme
of the high attenuction rates experienced just beyond a smooth
earth horizonj

~ How to cstimate path antenna gain and to allow for path asymmetry,
frequency gain, and non-standard refraction in estimating trans-
mission loss due to forward scotter,
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In addition, methods for estimating the reliability of the i
detailed point-to-point prediction methods and for calculating the service
probability for noise-limited service will be examined.
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COURBES DE PROPAGATION NORMAL[SEES POUR LES L{A{SONS ENTRE STATIONS TERRIENNES ET ENGINS SPATIAUX
80 = 0,3 radian (compte non tenu de la réflexion au sol)

STANDARD PROPAGATION CURVES FOR LINKS BETWEEN EARTH STATIONS AND SPACECRAFTS
90 = 0.3 radians (na allowance has been made for ground reflection)

CURVAS TIPIiCAS DE PROPAGACION PARA ENLACES
8, = 0,3 radianes (ne se tiene en cuenta la reflexidn en sl suelo)
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FIG, 2

RELATIONS GEOMETRIYUES POUR LES TRAJETS DE PROPAGATION EN-DECA DE L'HORIZON

GEOMETRY FCR WITHIN-THE~-HORIZON PATHS

GEOMETRIA DE LOS TRAYECTOS A DISTANCIAS INFERIORES 4 LA DEL HORIZONTE
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SPACE
RAD”@@@MMUN”@ATH@N i Corrigendun No. 2 to

Document No, .1-E

CONFERENCE 18 October, 1963
Origingl: French
English

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

PLENARY LIEETING

RECOMMENDATIONS, RESOLUTIONS AND REPORTS
ADOPIED BY THE Xth PLEN/RY ASSHBLY
OF THE C.C.I.R.

Page 5, 1linc 3, read Resolution 2 instecad of Opinion 2
Pape 5, ofter Revort 243

add ; Report 244 - Bstimation of tropospheric~wave  Addendum
tranmission loss :

Page 5, linc 9, read Resolution-6 instead of Opinion 6

n

4

: | L4
Page 39 - Recommendation 364, Para. (i), line 3, replace "1 x 10 " by"l x 10

Page 57 - DReport 205, Table I - replace "Factor by which the attenuction in
db is greater than thot for a vertical path'" by "Factor, by which.

the attenuntion (in db) for o vertical path, must be multiplied"

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

Page 306, linc 13,
| recd : "UNANIMOUSLY RESOLVES"

Poge 313, line 15,
reod : "UNANIMOUSLY RESOLVES™




SPACE

RADIOCOMMUNICATION
CLorrigendum to
CQNFERENCE Document No. 1-E
12 September, 1963
E.A.R.C. TO ALLOCATE FREQUENCY BANDS FOR SPACE RADIOCOMMUNICATION PURPOSES - GENEVA - 1963
PLENARY MEETING
Booklet age 370, para. 1.4 :

Replace 0.1% by 0.01%.




SPACE

RADIOCOMMUNICATION
CO,NFERENCE Document No. 1-E .
7 June 19063 |
. Original : English
E.A.R.C. TO ALLOCATE FREQUENCY BANDS FOR SPACE RADIOCOMMUNICATION PURPOSES - GENEVA - 1963

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 Récommendations, Resolutions and Reports relating to radiocommunication
with and between space vehicles, adopted by the Xth Plenary Assembly of the
c,C,I1.R,, Geneva, 1963, :

Gerald C, GROSS
Secretary General
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.- General

RECO:HIENDATION 259

SELEGTION OF FREQUEHC|ES‘USED [ TELECOMMUNICATION ¥ITH
AKD BETUEEN ARTIFICIAL EARTH SATELLITES AND CTHER SPACECRAFT
(Questions No. 168 and 169)

(Los Angeles, 1959)
The €.C.1R.,

CONSIDERING "

that transmission of radio signals botween the earth ond artificial earth satellites and other
spacecraft is now an established fact;

that such extraterrestrial objects may well be consecutively above different countries of the
world, thus necessitating international collaboration;

that radiocommunication between extraterrestrial objects and the earth and among extra-
terrestrial objects will be of importance:

that such radiocommunication will be affected by the terrestrial troposphere and ionosphere,
and by ionization, radio-frequency noise, and man-made interference in spsce, as well as by
relative velocities;

that the study of the effects of the ionosphere on such communications may be facilitated by
comparison of HF signals with VHF or UHF signals since the ionospheric effects are larger
on the lower frequencies;

that while frequencies for communication with objects in extraterrestrial space are being

selected at present on the basis of particulzr communication requirements and technological
capabilities, the inevitable increase in this type of communication is likely to lead to a chaotic
situation in the radio spectrum:

that no provision for such communication was m~de in the Tabls of Frequency Allocations
(Atlantic City);

that Report 205 presents a treatment of the technical factors affecting the selection of
frequencies for telecommunication with and between spacecraft;

UNANTMOUSLY RECOMMENDS

that consideration be given to the provision of 2 number of small frequency-bands weil
spaced throughout the HF and higher bands for telecommunication services with and
between spacecraft

that for services involving communication among spacecraft in interplanstary space,
additional consideration be given to the use of frequencies which do not significantly
penetrate the terrestrial ionosphere or troposphare (roughly below | Mc/s or above 50 Gc/s
respectively );
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that special and psrticul-r consideration be given to the provision of at least two narrow
frequency bands between 1§ and 54 Mc/s to permit study of the effects of the ionosphere
on communications passing through it;

that in determining the widths'of alloczted bands particular account be taken of Doppler
shifts in frequency associated with high relative velocities.”

Note by the Secretariat : This Recommendation, prepared by the iXth Plenary Assembly, Los Angeles,
1959, was destined for the Ordinary Administrative Radio Conference, Geneva, 1959: The Xth
Plenary Assembly, Geneva, 1963, however, decided to maintain the text, and it has been brought

to the attention of the Extraordinary Administrative Radio Conference, Geneva, 1963.
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- RECOMMENDAT [ON 350%

]DENTIFICATION_OF‘RADJOvEMISSEUNS FROM SPACECRAFT

{Question 208) (Geneva,

The C.C.1.R.,

CONSIDERING

that satellites may be identified by visual observation, ephemeris (accurate prediction of physical

location), the identifier or characteristics of the reflected or repeated earth station signal,
and/or the characteristics of the satellite transmitted signali

that, in the case of spacecraft other than satellites, the primary means of identification

will normally be the signal characteristics, augmented by flight path data;

that the techniques employed in spacecraft tracking are such that the'trénshission’of”
conventional call signs is not normally essential for identification purpdses;

that call signs are not normally required by those using space systems;

that Article 19, No. 737 of the Radio Regulations, Geneva, 1959, stipulates that a station
shall:-be ldentlfled gither by a call sign or other recognlzed means of 1dent1f1catlon that
such recognized means of identification niy be one or more of the following necessary for
complete identification: name of station, location of station, operating agency, official
registration mark, flight identification number, characteristic signal, chor=cteristic of
emission, or other clearly distinguishing features recognized internationally; -

UNANTMOUSLY RECOMMENDS

that, as regards the question of identification of radio emissions from spacecraft,
Article 19, No. 737 of the Radio Regulations, Geneva, 1959, be considered adéquate and
appliCable; '

that Administrations be encouraged to exchange to the maximum extent practicable advance
and current information relative to the identification of spacecraft (ephemeris and
signal characteristics ).

*This Recommendation, which together with Recommendation 351 terminates the study of
Question 208, has been brought to" the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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RECOMMENDATIOY 351*

CESSATION OF RADIOD EMISSICNS FROW SPACECRAFT
(Question 208)

(Geneva, 1963)

The C.C.1.R..
CONS IDERING

that the usable radio frequency spectrum is a limited notural resource within which all
radio services must be satisfied;

that as regards the need for providing for cessation of radio emissions from spacecraft,
the primary determination in the case of each space project will be the likelihood of
creating harmful interference to established terrestrial radio services s well as to
other space operations;

that spacecraft operations may be long-lived ;
that advances in technique, particularly as regards increased power radiated by space

station transmitters and improved receiver sensitivity of space and terrestrial systems,
will progressively enhance the likelihood of harmful interference among spacecraft, including

satellites, and between such vchicles and terrestrial radio services; .

that }Ee_admjnistrative procedure for implomenting the cessation of emissions from spacecraft
is a matter for the Extraordinary Administrative Radio Conference, Geneva, 1963, to decide;

UNANTHMOUSLY RECOMMENDS

th~t Administrations assure that‘spacecraft be capable of éeasing radio emissionsiby,fhe use
of apprepriate devices, e.g. battery life, timing devices, ground command, or similar
devices that will ensure positive cessation of cmission.

*This Recommendation, which together with Recommendation 350 terminates the study ofVQuestion
208, has been brought to the attention of the Extraordinary Administrative Radio Confercnce,
Geneva, 1963,
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2. Communication satellites

RECOMMENDATION 352"

ACTIVE COMMUNICATION-SATELLITE SYSTEMS FOR MULTIPLEX TELEPHONY
AND/OR MOHOCHROME TELEVISION

Hypothetical reference circuit for intercontinental systems

(Question 235 (iV))

{Geneva, 1963)
The C,C.1.R.,
CONSIDERING
a) that it is desirable to establish a hypothetical reference circuit for active communication-

satellite systems to afford guidance to designers of equipment and systems for use in
intercontinental telephone and television networks;

D

b) that with various types of active satellite systems it is possible to arrange that the
_majority of intercontinental connections may be made with no more than one sotellite link
if it is capable of spanning a great circle distance of at least 7500 km;

¢) that, to span a great circle distance of up to 25,000 km, required for a global systenm,
it will be necessary to connect tuwo, and in a few cases three, links in tandem;

d) that the overall performance of each satellite link depends only to a small extent
on the great circle distance between the earth stations;

e) that provision for television standards conversion in a hypothetical reference circuit
is undesirable;

UMANTMOUSLY RECONMMENDS

1. that a basic hypothetical reference circuit for communication satellite systems should
consist of one earth-satellite-earth link (see Fig.1);

2. that the performance for at least a portion of intercontinantal connections should take
account of the need to connect two, and sometimes, three such links in tandem;

3. that this circuit should include one pair of modulation and demodulation equipments for
translation from the baseband to the radis~frequency carrier, and from the radio-frequency
carrier to the baseband respectively.

*This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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‘RECOMMENDATION 353*

ACTIVE COMMUN!CAT|GN-SATELLITE SYSTENS
FOR ‘FREQUENCY -DIViSION MULTIPLEX TELEPHONY

A lowable noise power in the basic hypothetical

reference circuit

(Question 235 (1V))
(Geneva, 1963)
The C.C.I.R.,
CONS IDERING

that the basic hypothetical reference circuit is intended as a guide for design and constructiocn

-of actual systems:

that thevcosts,of establishing and maintaining communication-satellite systems arc critically
dependent on the over:Il signal-to-noise performance requirements;

that the total noise power in the basic hypothetical reference circuit should not be such as
would affect appreciably conversation in most telephone callsor the transmission of telephone
signalling;

that the extent of fading cannot be determined fully until more experimental data are available,
but is not expected to be apprecizble in active communication-satellite systems:

that there may be other sources of noise of short duration:
UNANIMOUSLY RECOM“ENDS

that the psophometrically weighted noise power at a point of zero relative ievel in any
telephone circuit in the basic hypothetical reference circuit as defined in Recommendation 352,
should not exceed the provisional values of 10 009 p¥ mean in any hour, and 80 000 p¥, one-
minute mean, for more than 0.2% of any month**;

that the higher noise levels that may be tolerated for very small percentages of the time
should be the subject of further study;

that the following notes should be regarded as part of the Recommendation:
Note 1: MNoise in the multiplex equipments is excluded from the above.

Note 2: It is assumed that noise surges and clicks from power supply systems and from
suitching apparatus (including switching from satellite to satellite) are reduced to
negligible proportions and therefore will not be taken into account when calculating
the noise power.

* This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.

**Subject to review in the light of experience and tests.
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Mote 3: In applying the basic hypothetical reference circuit and the allowshble circuit noise
to the design of satellite and earth station equipment for a given overall signal-to-noise
performance, the system characteristics preferred by the C.C.I.R., as found in its
Recommendations, should be used where appropriate: where more than one value is recommended,
the designcr should indicate ths value chosen; in the absence of preferred values, the
designer should indicate the assumptions used.

Note 4: For frequency division multiplex, it will be assumed that, during the busy hour,
the signal can be represented by a uniform-spectrum sign=1, the mean power absoluts

level of which, at a point of zero relative level, is equal to (-15 + 10 log, N} dbm for
240 channels or more, and (=1 4+ 4 log, N)* dbm for numbers of channels between 12 and 240,
N being the number of bothway channels for which the communication-satellite system is

to be designed.

Note 5: It is not yet possible to make firm recommendations regarding requirements to be
met if VF telegraphy and data transmission sre required over telephone channels in a
communlcatjgn -satellite system.

Note 6: The system should be designed to operate under the noise conditions specified,
1nclud1ng periods of adverse propagation conditions such as those resulting from
atmospheric absorption and increased noise temperatures due to rain.

cpm—

* This value is provisional for systems with less than 60 channels.
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acceptable transmission:
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RECOMMENDATION 354*

ACTIVE COMMUNICATION-SATELLITE SYSTEMS FOR
HONCCHROME TELEVISION

Video bandwidth and permissible noise in

the hypothetical reference circuit

(Question 235 {1V))

(Geneva, 1963)
The C.C.1.R.,

CONSIDERING

that the hypothetical reference circuit i's intended as a guide to designers and .constructsrs

of actual systems;

that the costs of establishing and maintaining active communication-satellite systems are
critically dependent on the video bandwidth and the overall signal-to-noise ratio to be
provided and these should, therefore, not be greater than is strictly necessary for

that the total noise power in the hypothetical reference circuit should not reach a value
that would prevent acceptable transmission of monochrome television signals:

that the signal-to-noise ratio for a satellite intercontinental circuit should be comparzbie
to or greater than the signal-to-noise ratio objectives specified for the continental networks

to be interconnected (see Recommendation 421);

that the extent of fading cannot be fully determined until more experimental data are available,
but is not expected to be appreciable in an active communication-satellite system:

that there may be other sources of short-duration noise;

that the same satellite system may be required to accommodate either television or large numbers
of telephone channels;

that the video bandwidth and the permissible noisc levels in the hypothetical reference circuit
should accommodate television signals up to and including signals of the 625-1ine standard ;

UNAN I MOUSLY RECOMMENDS
that in the hypothetical reference circuit for active communication-satellite systems as

defined in Recommendation 352, the nominal upper limit of the video bandwidth should be 5 fic/s
(equivalent noise bandwidth);

* This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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2, that the ratio of signal to weighted-noise for continuous random noise at the end of the
hypothetical reference circuit, defined in Recommendation 352 evaluated in accordance with
Notes 1 and 2 below, should be 2t least 55 db for 99% of the time;

3. that the question of the higher noise levels, that may occur for less than 1% of the time,
should be the subject of further study.

Hote 1: The signal-to-ncise ratio for continucus-randem noise is defined as the ratic (db)
of the peak-to-peak amplitude of thc picture signal, excluding synchronizing pulses, to the
ram.s. amplitude of the noise, within the range botween 10 ke/s and the nominal upper

limit of the viden-frequency band f . The purpose of the lower frequency limit is to
enable pawer supply hum and microphdnic naise to be cxcluded from practical messurements.

Hote 2: The stated value of signal-to-noise ratio is that which shall apply uhen measured
uith the appropriate low-pass filter described in Annex [t of Recommendation 421, with
the appropriate weighting network® described in Annex 111 of the same Recommendation, and
with an instrument having an "effective time constant® or "integrating time", in terms of
powar, of 1.

* It is assumed that the weighting used would be appropr1 te to a television system w1th a
video bandwidth of 5 Mc/s, as specified in Recommendation 421.
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RECOMMENDATION 355*

ACTIVE cOMMUMICATIOH SATELLITE SYSTEMS

Feasibility of sharing frequency bands with terrestrial

radio services

{(Question 235 (1V) and Study Programme 2354 (1V))

(Geneva, 1963)

The C.C.1.R.,
CONSIDERING

that at the current state of technological development, active communication satellite systems
can most feasibly usc frequencies between about 1 Ge/s and about 10 Ge/s;

that since these frequencies are in extensive use for terrestrial radio services, possibilities
exist for interference to and from stations in terrestrial services, on the one hand, and
either earth or satellite stations on the other hand:

that among the means for reducing, to permissible lovels, interference between communication-
satellite systoms and terrestrial redio systoms sharing the same frequency bands are :

- on the sart of satellite stations, limitation of the power flux per unit area
and the power flux per unit area per unit bandwidth produced at the surface of
the earth:

- on the part of earth stations, limitation of the dist~nce to terrestrial
transmitters, appropri-te to the technical characteristics concerned and o
propogation factors;

- on the part of stations in the terrestrial services, limitation of the distance
to earth stations, approprizte to the technical characteristics concerned and to
propagation factors, together with limitation of the total emitted power and the
effective radiated power;

that active communication satellite systems can best share frequency bands with line-of-sight
radio-reclay systems, but that there may be considerable difficulty in sharing with certain
other services, invalving high power transmitters, highly sensitive receivers and changing
areas of coverage ;

UNAHTMOUSLY RECOMMENDS

that if communication satellite systems are to share the frequency bands between 1 Ge/s and
10 Ge/s with other services, such sharing be considered technically feasible under the
provisions of Recommendations 356, 357, 358 and 406 in frequency bands allocated to the fixad
service and occupicd by line-of-sight radio-relay systems;

* This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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that questions of sharing with other services and the bases of such sharing shsuld be
studied further;

that the above be considered as provisional and subject to review at the XIth Plenary Assembly
of the C.C.I.R.
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RECOMMENDATION 356*

COMMUNICAT [ON SATELLITE SYSTEMS SHARING THE SAME -
- FREQUENCY BANDS AS LINE-QF-SIGHT RADIO-RELAY SYSTEHS

Maximum allowable values of interference in a

telephone channel of a communication-satellite systgm

(fwestion 235(1V) and Study Pragramme 235A(1V))

(Geneva, 1963)

The C.C.1.R.,
" CONSIDERING

that it may be necessary for communication-satellite systems to share the frequency:bands used
for line-of-sight radio-relay systens i thé range 1-10 Gc/s;
that mutual interference would increase the noise in both types of systems beyond that which

would exist in the absence of frequency sharing;

that_jt is desirable that the noise due to interference in the telephone channels of
communication-satellite systems due to the transmitters of radio-relay systems should be a
small fraction of the total noise in those systems set out in Recommendation 353 ;

‘that it is necessary to specify the maximum allowable interference power in a telephone channel

in order to determine the maximum transmitter power and effective radiated power of line-of-
sight radio-relay stations, and in order to determine whether specific locations for satellite
earth stations and terrestrial radio-relay stations would be satisfactory;

that it is unlikely that any given radio-frequency channel used by line-of-sight radio relay
receivers will be used for transmicsions both from active communication-satellites and from
earth stations:

UNANTMOUSLY RECOMMENDS

that communication-satellite systems sharing frequency bands with radio-relay systems be

designed in such a manner that the interference noise power at zero relative level in any
telephone channel of a basic hypothetical reference circuit of a communication-satellite

system caused by the aggregate of the transmitters of radio-relay stations conforming to

to Recommendation 406 should not exceed:

* This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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1.1 1000 pH psaphometrically-weighted mean powcr in any hour;

1.2 1000 p¥ psaphometrically-weighted one minute mean power for more than 205 of any month;

}3 80,000 pl psephometrically-weighted one minute mean power for more than 0.02% of any month;
2. that the following notes should be regarded as part of thé Recommendation:

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

Note 2: The above values are understood to be additive to thoss given in
Recommendation 353.

Note 3: A1l figures given are provisional and subject to revision in the light of
later experience.

Note 4: Special Study Group C (C.C.1.T.T./C.C.I.R., Joint Study Group on circuit noise)
should be asked, through the Director, C.C.1.R., for their opinicn on this Recommendation.
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RECOMMENDATION 357

COMMUNICATION SATELLITE SYSTEMS SHARING FREQUENCY
BANDS ¥ITH LINE-OF-SIGHT RAD|O-RELAY SYSTEMS

Haximum allowable values of interference in

a telephone channel of a radio-relay systenm

(Study Programme 2354 (IV))

(Geneva, 1963 )
The C.C.1.R.,

CONSIDERING

that it may be necessary for communication-satellite systems to share the frequency bands
used for line-of-sight radio-relay systems in the range 1 to 10 Ge/s;

that mutual interference would increase the noise in both types of system beyond that Wthh
would exist in the absence of frequency sharing;

that it is Jdesirable that the noise due to interference in the telephone channels of existing
radio-retay systems from transmitters of satellites and earth stations should be a fraction
of the total noise in those systems such that it would not be necessary to change the design
objectives for radio-relay systems set out in Recommendation 393;

that it is necessary t> specify the maximum 31lowable interference power in a telephone channel,
to determine the maximum power flux which can be allowed at the surface of the earth from
communication-satellites and to determine whether specific locations for sate]llte earth
stations and terrestria l radio-relay stations would be satisfactory;

that it is unlikely that ony given radio-frequency channel used by line-of-sight radio-relay
systems will be used for transmissions both from active communication-satellites and from
garth stations;

UNANIMOUSLY RECOMMENDS

that communication-satellite systems which share frequency bands with line-of-sight radio-relay
systems, should be designed in such a manner that, in any telephone channel of a 2500 km
hypothetical reference circuit for radio-relay systems, the interfercnce noise power at a point
of zero relative leve), caused by the aggregate of earth stations and the transmitters of
communication-satellite systems should not exceed ;

1.1 1000 pl psophometrically-weighted mean value in any hour;

1.2 1000 p¥ psophometrically-ueighted one minute mean power for more than 20% of any month;

* This Recommendation has been brought to the attention of the Extraordinary Administratjve
Radio Conference, Geneva, 1963.
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1.3 50 000 p¥ psophometrically-weighted one minute mean power for more than 0.01% of any month;
2. that the following notes should be regarded s part of the Recommendation:

fote ): The above values are understocd to be additive to those given in Recommendatisn 393.
It is further understood th-t the interference noise powers given above will not be
concentrated in a single section of a redio-relay system, but will be distributed
statistically among the sections.

Note 2: Technical means required to meet the above objective are laid down in

Recommendation 358.

Note 3: All figures given zre provisionzl and subject to revision in the light of later
experience. '
Note 4: Joint Study Group C (C.C.1.T.T./C.C.1.R.) on circuit noise should be asked,
through the Director, C.C.I.R. for their cpinion on this Recommendation.
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RECOMMENDATION 358

COMIUMICATION-SATELLITE SYSTEMS SHARING THE SAYE
FREQUENCY BANDS AS LINE-OF-SIGHT RADIO-RELAY SYSTEMS

Maximum allowable values of power flux density

_at the surface of the earth prqduced by communication satellites

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

{Geneva, 1963)

The C.C.1.R.,
CONS IDERING

that.in the interests of spectrum economy it would be advantageous for communication-satellite

-systems to share the frequency bands used for line-of-sight radio-relay systems in the range

1 -10 Ge/s;

that, in the event of such sharing, it would be necessary to ensure that the powsr flux density
set up at the surfce of the Earth by satellite transmissions should not exceed values that
would cause significant interference to line-of-sight radio-relay systems;

that nevertheless any limitation of the power flux density set up at the surface of the Earth
should not be such s to place undue restrictions on the design of communication-satellite
systems ;

that.a Recommendation as to- the maximum allowablc value of the power flux density that could be
set up at the surface of the Earth by communication sxtellites may be of value for. the technical
guidance of the Extraordinary Administrative Radio Conference, Geneva, 1963, in accordance with
Recommendation Ho. 36 of the Administrative Radio Conference, Geneva, 1959;

that the maximum allowable value of the flux density will depend on‘the modulation
characteristics of the satellite system, and a generally applicable value is required zs well as
values applicable to specific satellite systems;

that for satellite-communication systems using wide-deviation frequency modulation a method of
carricr gnergy dispersal could be employed in order to reduce the radio frequency power flux
density measured in any & kc/s bandwidth under conditions of low frequency deviation due to light
loading from multi-channel telephone, or from television signals;

*This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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UNANIMOUSLY RECOMMEMDS

that frequency sharing between communication-sateilites and 1ine-sf-sight radio-relay systems
be considered to be fessible under the-canditions of §2 or 3 below:

that for communication-sateilite systems which use wide-deviation frequency modulation, the
power flux density sct up al the surface of the Earth by the emissions of a satellite should

not exceed:

-130 dbw/mz for all angles of arrival,

.and thet signals radiated by a sateilite should be continuously moduloted by 2 suitable waveform

if necessary, so that the power flux density measured in any 4 kc’s bandwidth particularly during
periods of light lcading should not exceed:

-149 de/m2 per 4 kc'/s for all angles of arrival;
that for communication-satellite systems using other types of medulation, the power flux density
set up 2t the Earth's surface by the emissions of a2 satellite, measured in any 4 kc/s bandwidth,
should not exceed:

-152 de/mZ per 4 ke/s for all angles of arrival;

that the above be provisional pending further study.*

Since this Recommendation is being made prior to the inception of the communication-satellite
service, these provisional values should be reconsidered by the Xlth Plenary Assembly: of the
C.C.1.R.
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RECOMMENDATION 359*

COMMURICATION-SATELLITE °YSTEMS
AVOIDANCE OF INTERFERENCE BETWEEN EARTH STATIONS AND
TERRESTRIAL RADIO STATIONS SHARING THE SAME FREQUENCY BANDS

Determination .of the coordination distance

(Study Programme 2354 (IV))

(Geneva, 1983 )
The C.C.I.R.,

CONSIDERING

that where earth stations and terrestrial stations share the same frequency bands there is a
possibility of interference both as regards the earth station transmissions interfering with
reception at terrestrial stations, and terrestrial station transmissions interfering with
reception at earth stations;

that in order to avoid such interference it will be desirable for the transmitting and
receiving frequencies used by earth stations to be co-ordinated with the frequency usage by
terrestrial services which might be in a position either to receive interference from earth

-station transmissions or to cause interference to reception at earth stations;

that this co-ordination will need to.be established within an area surrounding the earth
station and extending tc the limits beyond which the possibility of mutual interference may
be considered negligible;

th=t in some cases this area may involve more than one Administration:

that such mutual interference will depend upon several factors, including the transmitter
powers, antennae gains along the interference paths, the nature of the intervening terrain,
and the tolerable interference levels at the receivers:

that the co-ordination of the preferred reference frequencies for the communication-
satellite. service with the frequencies used by terrestrial services may sometimes, especially
in the case of radio-relay systems, affect the whole area where such a system is used;

that the possibility of interference will need to be cxamined in detail in each case, taking
all factors into account :

* This Recommendation has been brought to the attention of the Extracrdinary Administrative
Radio Conference, Geneva, 1963.
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that as a preliminary to this detailed cxamination it is desirable to establish a method of
determining, on the basis of bread assumptions, a co-srdination distance from the earth
station, i.e. that distance within which mutual consultation between Administrations will
be required and beyond which the possibility of interference may be regarded -as negligible;

UNAREMOUSLY RECOMMENDS
that account be taken of the international co-ordinatisn and planning which will he involved,
if communication-satellite earth stations are to share frequency bands with terrestrial

stations in nearby countries without undue mutual interference;

that the co-ordination distance for possible interfercnce to terrsstrial radio stations be
determined by Administrations planning to establish earth stations on the basis of:

- the effective radiated powers likely to be used in various directions from the
garth station;

- the maximum antenna gains and receiver sensitivities likely to be used at the
terrestrizl stations concerned;

that the co-ordination distances for possible interference to earth station reception be
determined by Administrations planning to establish earth stations on the basis-of::

- the cxpected range of effective radiated powers liksly from terrestrial
stations in the pertinent directions;

- the antenna and receiver characteristics likcly to be used =t the sarth station
cencerned ; ' ‘

that the co-crdination distances in the above cases he determined on the basis of:

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

- interference powers in telephone channels in the bassband of receiving systems
not exceeding the provisional values given in Recommendations 356 and 357

~ the procedure outlined in Report 209.
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RECOMMENDATION 360%

CRITERIA FOR SELECTION OF PREFERRED REFERENCE
FREQUENCIES** FOR COMMUNICAT ION-SATELLITE SYSTEMS
SHARL 6 FREQUENCY BANDS 1TH LINE-0F=S IGHT

RADIO-RELAY SYSTEMS
{Question 235 (IV) and Study Programme 235A (fV))

(Geneva, 1963)

The C.C.I.R.,
CONS IDER ING

that communication-satellite systems are expected to make an iuportant contribution in providing
yorld-wide and area communication;

that spectrum economy would be enhanced by sharing of frequency bands with terrestrial systems in
the fixed services;

that it can be demonstrated that, under'sqftéb]i‘controlled conditions, sharing is practicable with _
terrestrial Tine~of-sight radio-relay systems;

that a number of independent communication-satellite systems may be established, including low-
capacity as well as high-capacity systems;

that the selection of frequencies for use by communication-satellite systems requires international
agreement so that interference between such systems and with other radio services may be mininmized
and the most effective use be made of the available frequency spectrum;

that the preferred reference frequencies initally adopted will have a major influence on subsequent
frequency usage ;

that the selection of preferred reference frequenciés depends on the as yet undetermired technical
charactoristics of communication-satellite systems, as well as on the known technical characteristics
ot radio-relay systems;

that the establishment of criteria for selection of preferred reference frequencies may be of assist-
ance to the further work of the C.C.i.R., to Administrations concerned and to the Extraordinary Ad-
ministrative Radio Conference, Geneva, 1963 ;

UNANIMOUSLY RECOMMENDS

that the designation of preferred reference frequencies should:

*

This Recomiendatior has been brought to the attention of the Extraordinary Administrative Radio
Conference, Geneva. 1963.

** The reference frequencyvis the frequency relative to uhich the specific frequency or frequencies
assigned“to a given communication-satellite system may be specified (No. 87 of the Radio Reg-
ulations, Geneva, 1959 ),
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providé scopé for the development and use, as necessary, of various types of communication-satellite
system, e.., using different orbits, types of satellites, methods of modulation and other technical
characteristics; '

allow for multi-station access, thereby enabling several earth stations to use a given satellite;
ninimize interference between communication-satellite éystems, and between communication-satellite
systems and line-of-sight radio-relay systems so as to facilitate the planning of both types of
system on a co~ordinated basis;

accommodate the long-term traffic requirements forecast for communication-sateilite systems;

that the preferred reference frequencies should interleave as effectively as possible with the line-
of -sight radio-relay system channel arrangements recognized in the Recommendations of the C.C.l.R.;

that there should be provision for high-capacity systems, low-capacity systems and systems utilizing
both large and small earth stations;

that the designation of preferred reference frequencies must be determined in the light of the de-~
cisions of the Extraordinary Administrative Radio Conference to be held in 1963 with regard to the
frequency bands and directions of transmission adopted for the communication-satellite service.




- 33 -

3. Radionavigation by Satellite

RECOMMENDAT]OM 361%

FREQUENCY REQUIREMENTS OF RADIONAVIGATION-
SATELLITE SYSTEMS
(Question 242 (1V))

(Geneva, 1963)

The C.C.l.R.,
CONS IDER NG

(a) that in view of the relatively low information rate 1ikely to be required and in the interest of fre-
" quency-spectrun conservation, the use of narrow-band techniques appears to be suitable for radf o~
: navigation satellite systems;

(b) that, for: systems using satellites which are in motion relative to the earth!s surface, the band-
whdth requirements will be largely determined-by the Doppler frequency shift and the accuracies of
transnitter and receiver frequencies;

(c) that, for systems using satellites which are essentially stationary relative to the earth's surface,
the bandwidth requirements will be largely determined by the modulation techniques which may be em~
ployed and accuracies of transmitter and receiver frequencies;

(d) that antenna systems of individual radionavigation satellites should be designed so as to provide
maximum practicable coverage of the earth's surface;

(e) the need to minimize the weight of the equipment in the satellite;

(f) that equipment and techniques are presently avallable, or may be available in the near future, at
frequencies in the VHF and UHF ranges (bands™8 and 8) up to about 1000 Me/s, the lower frequencies
being more suitable for low altitude systems;

(9) that it is possible in Doppler type systems to reduce errors caused by ionospheric refraction by
the use of tuo frequencies well separated from each other, and that in this case, system design may
be simplified by the use of harmonically related frequencies;

(h) that for systems based on the principle of directivity, the use of narrow beamwidth receiving
antennae {s required; that 1f is desirable to minimize the physical size of such antennae; and
that for a given antenna size, the directivity and resulting accuracy increase with frequency ;

(1) that for systems based on the principle of directivity, a study of desirable antenna size and the
required accuracy indicates that frequencies above 10 Ge/s should be used; studies to date indicate
that the atmospheric absorption due to water vapour and oxygen is significantly less in the region
below 20 Gc/s and in a narrow region near 35 G¢/s;

* This Recomiendation has been brought to the attention of the Extraordinary Administrative Radio
Conference, Geneve, 1963,
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that this service would require a high degree of radio frequency protection;

that, in the interests of spectrum economy, it is desirable and may prove feasible to accommodate
maintenance teiemetering signals required for radionavigation-satellite systems on the radio fre~
quency channels provided for radionavigation satellites;

UNANTHOUSLY ROCOMMENDS

that for Doppler, time measuring and path difference radio-navigation satellite systems:

these systems should preferably use narrow band techniques;

frequencies in the VHF and UHF ranges (bands 8 and 9) allocated for radionavigation systems are
technically suitable; -

frequencies which have not been allocated to radionavigation systems in bands 8 and 9 are also
considered technically suitable for allocation to radionavigation~satellite systems.

where combination is feasible, the maintenance telemetering signals for radionavigation-satellite
systems, be accommodated on frequency channels provided for radionavigation satellites;

corisideratfon be given to-the frequency requirements of these systems, preferatly on a protected
basis, with the :provision of several harmonically related bands for Doppler systems;.

that for radio-sextant radionavigation systems frequencies of the order of 35 Gc/s are technically

suftable. Where lower accuracy is acceptable, frequencies between 10 and 20 Gc/s may be used.

Note: The question of frequency allocations should be sonsidéred by the appfopriéte conference
-+ (Extraordinary Administrative Radio Conference, Geneve, 1963 or others).
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4, Yeteorological Satellites

RECOMMENDATION 3627

FREQUENCIES TECHNICALLY SUITABLE
FOR METEOQROLOGICAL SATELLITES
{Question 243 (IV) aﬁd S{udy'Programme 2430 (1V))

(Geneva, 1963)

The C.C.1.R.,
CONSIDERING
that meteorological satellites have demonstrated their value to mankind;
that meteorological satellites will soon be operating in a routine manner as covered in Report 217;
that certain bands are noﬁ éi1ocated %nternationally to the:meteorological aids sefvice;

that certain of the frequency needs of meteorological satellites may be satisfied through the use
of the_present]yiestablished meteorotogical aids allocations;

UNANIMOUSLY RECOMNME NDS

that bands 8, 9, and 10 are technically suitable for narrow-band and wide~band meteorological data
transmission; ’

that as meteorological satellites become more fully developed, and taking due account of reliability
requi rements and economical use of the frequency spectrum, frequencies within the bands used for
meteorological satelliks will be technitally suitabie $or tracking, mzintemanoe telemetry and
telecommand . '

that frequencies allocated to the radiolocation service in bands 10 and 11 are technically suitable
for use by the precipitation detection radar and cloud detection radar on board meteorological
satellites,

* This Recommendation has been brought to the attention of the Extraordinary Administrative
Radio Conference, Geneva, 1963.
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5e Maintenance telemetering, tracking and telecommand

RECOMMENDAT ON 363*

PREFERRED FREQUENCY BANDS FOR USE IN MA INTENANCE

TELEMETER ING, TRACKING:AND TELECOMMAND OF

DEVELOPHENTAL AND OPERATIONAL;SATELLITES

{Question 237(1V))
(Geneva, 1963)
The C.Cc |‘Rc,
CONS [DER ING
that the frequencies technically suitable for maintenance telemetering, tracking and telecommand of
developmental and operational radionavigation, meteorological and communication satellites lie in the

range fron 100 Mc/s to 10 Gc/s; the lower part of this range being generally more-suitable for lower
altitude earth-satellites and the higher part of this range being generally more suitable for higher

“altitide earth-satellitesy .

that the integration of maintenance telemetering, tracking and telecommand links with data transmission
and communication systems has many potential advantages sich as system simplicity, efficient use of
redundant medules, tracking precision and efficient spectrum utilizatinn;

UNAN I0USLY RECOMMENDS

that bands of frequencies below 1 Go/s, preferably below 600 Mc/s, are the most technically sqitable
for maintenance telemetering, tracking and telecommand of developmental and%opekationa] satellites;

that bands of frequencies between } and 10 Gc/s are also technically suitable for maintenance tele-
metering, precision tracking systems, tracking and telecommand for high altityde satellites; further
that, because tie freguency range is.sc.broad; appropriate bands.in the lcwer pertion, centre portion
and upper portion of this region be considered; ’ -

* This Recommendation has been brought to the attention of the Extragrdinary.-Administrative Radio
Conference, Geneva, 1963,
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that bands of frequencies absve about 10 Go/s are technically suitable for maintenance telemetering,
tracking and telecommand during the re-entry of satellites into the earth’s atmosphers (See Report 222);

that, as systems such as metecrolegical radionavigaticn and communication satellites become more fully
developed, and taking due account of reliability requirements and economical use of the frequency
spectrum, frequencies within the hands used for data transmission or communications be also used for
maintenance telemetering, tracking and telecommand, where feasibie.
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B Space Research

RECOMMENDAT 1ON 364*

TELECOMMUNICAT [ON L INKS FOR NEAR-EARTH

RESEARCH SATELLITES

Frequencies, bandwidths and interference criteria

(Questions 236(1V), 237(1V) and Study Programme 205(V1))

(Geneva, 1963)

The €.C.1.R.,
CONSIDER ING

that suitable cperating frequencies, required KF banduidths, and limiting interference criteria for
near-earth satellite telecemmunicaticn links are determined by the technical considerations set forth
in Reperts 205, 218 and 219;

that based sn past experience, it might be expected that frum 20 to 30 active research near-earth
satellites will be in erbit simultanesustly;

that radio frequencies from about 100 Mc/s to 10 Ge/s are suitable for near-earth satellite tele-
communication links, and that the variety of functions and the conditinns under which they must be
performed divides this regien into the following suitable regirns : 100 to 300 Mc/s, 300 Mc/s to

] Ge/s, and 1 to 10 Gefs;

that telemetering data links typically require RF bandwidths ranging from 10 ke/s tn 3 Mc/s per link
in the frequency region from 100 Mc/s to 10 Gc/s, with preference for 10 kc/s in the lower pertion,
and 3 Mc/s in the upper portion; that wideband data and televisien links typically require RF band-
widths ranging from 50 ke/s ts 20 Mc/s in the frequency region from 100 Mc/s to 10 Ge/s, with pre-
ference for 50 kc/s in the Tcwer porticn and 20 Mc/s in the upper portion of this region;

that tracking links typically require RF banduidths ranging from 10 kc/s to 3 Mc/s per link in the
frequency region from 100 Mc/s to 10 Ge/s with preference for 10 ke/s in the lower portion and 3 Mc/s
in the upper partion of this region;

that earth-station telemetering and tracking receiving system nperating noise temperatures, typically
range from 30°K above 1 Gc/s tz 3000°K at 0.1 Ge/s (equivalent to -214 dbll per ¢/s and -194 db¥ per
¢/s);

that antennae for earth stations for satellite communication do nct normally utilize angles of
elevation below 59;

*

This Recommendaticn has bsen brought to the attention of the Extracrdinary Administrative Radio
Conference, Geneva, 1963,
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that typical operating noise temperatures for receivers in space~craft will be approximately 600°K
(<171 dbW per kc/s) for near-earth research satellites, but measures can be taken to protect the
space~craft receiving system against interference approximately 10 db greater than this noise level;

that telecommand can normally be satisfied by one data link channel per craft with RF bandwidths
ranging from 10 ke/s at 0.1 Gc/s to 500 ke/s at 10 Ge/s; largely determined by the Dappler shift of
1 x 107 of the carrier frequency;

that coding techniquec and use of narrow beam antennae will make possible the control of several
craft utiﬂizing the same RF telecommand ehannel;

that for some shafing situations between near—eérth research satellites and certain representative
terrestrial services, separations of several hundreds of kilometres between the earth terminals can
be required and that separations of this magnitude are not readily attajnable in many parts of the

world;

that sharing among near-earth research satellites is desirable and feasible;

that difficulties can be expected when sharing frequencies between near-earth. research satellites and
nther services due to the technical praoblems of furnishing the required protection against terrestrial

services;
UNAN IMOUSLY RECOMMENDS

that_the 100.to 300 Mc/s regien is technically suitable for near-earth research satellites with each-
satellite using RF bandwidths varying from 10 to 300 kc/s per link, for accomplishing telemetering,
wideband data, tracking and telecommand functions;

that the 300 to 1000 Mc/s region is technically suitable for near-earth research satellites with each
satellite using RF bandwidths varying from 30 to 500 ke/s per link, for accomplishing telemetering,
wideband data, tracking and telecommand finctions;

that the 1 to 10 Gc/s region is technically suitable for near-earth research satellites with the
following requirements :

for tracking, 3 Mc/s per link;
- for telemetering, from 500 kc/s per lint near 1 Ge/s to 3 Mc/s per link near 10 Gc/s;

- for wideband data links and television, 500 ke/s per link nea} 1 G¢/s to 20 Mc/s per link
near 10 Gcfs; and

- for telecommand, 100 to 500 kc/s per link to be shared with tracking where feasible;
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that con.ideration be given to the availability of coherently related frequenc1es spaced 6% to 10% of
the higher frequency for precision tracking systems;

- that sharing be accomplished to the maximum extent feasible among near-earth research satellites;

that the protection criterion for earth receiving sites be established as follows :2

For frequencies greater than 1 Gc/s, the total time during which the density of the interference, in

any single and all sets of bands 1 ¢/s wide is greater than -220 dbW per c/s, shall not exceed 0.1% of

the time; for frequencies less than 1 Gc/s, the permissible interference power density may be increased

at the rate of 20 db per decrea31ng frequency decade;

that the protection criterien for receivers in space-craft be established as follows :

The total time during which the power density of the interference, in any single and all sets of bands

| ke/s wide is greater than approximately -161 db¥ per kc/s, shall not exceed 0,14 of the time;

that note be taken of ‘the difficulties to be expected in sharing between near-earth research satellites
and stations in other services.
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RECOMMENDAT 10N 365*

TELECOMMUNICAT ION LINKS FOR DEEP SPACE RESEARCH
Frequencies, bandwidths and interference criteria
(Cuestions 236(|V),'237(IV) and Study Programme.205(V!)

(Geneva, 1963)

The C.C.1.R.,
CONS IDER ING

that suitable operating frequencies, required RF bandwidths, and limiting interference driféria for
deep space telecommunication 1inks are datermined by the technical considerations set forth in
Reports 205, 218 and 220;

that cosmic noise and man-nade noise militate against the use of frequencies less than 100 Mc/s and

- that atmospheric noise and absorption preclude the use of frequencies much higher than 10 Ge/s;

that the precision tracking required for acceptable guidance of spacecraft to the moon and the
planets and for manoeuvres in their vicinity results in a preference for frequencies. between 1 Ge/s

~and 10 Ge/s;

that the typical operating noise temperatures of earth station receivers, operating at frequencies
greater than 1 Ge/s, will be.25%K (215 dbW per c/s) for most missions with design margins of less
than 6 db; and that, for 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;

that the typical operating noise temperature of a receiver in a spacecraft operating at frequencies
greater than 300 tic/s will be 600°K (201 .dbW per ¢/s) with design margins of 6 to 10 db; and that
for 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;

that water vapour in the atmosphere can produce significant degradation in the quality of deep space
comrunications, at frequencies higher than 4 Gefs;

“that typical deep space systems Wil use directional antennae both on the earth and on the spacecraft

to transmit sufficient information. These antennae will have a surface precision of between 1 mm
and 5 mm, regardless of diameter, so that frequencies between 1 and 10 Ge/s will generally be more
suitable for efficient transmission;

that Doppler shifts can be of the order of 1 x 107 of the carrier frequency;

* This Recomnendation has been brought to the attention of the Extraordinary Administrative Radio
Conference, Geneva, 1963,
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that interruptions in communications of more than 5 minutes per day could seriously affect the success
of the mission;

that real time television from the lunar surface is practical with frame rates, resolutions, and
qualities comparable to commercial television on earth; that photographic facsimile From the nearer
planets is similarly practical;

that it is practical and desirable to effect telemetering, data transmission, and tracking functions
on the same space-earth link, and telecommand and tracking functions on the same earth-space 1ink;

that to effect precision tracking, a pair of coherently related frequencies with a separation ranging
from 6 to 10% of the higher frequency is required;

that the angular spacings of the moon and the planets are such that the same frequency may be used for
probes at different celestial coordinates, but that different spacecraft in the vicinity of the same
coordinates or in the antenna beamwidth may require different frequencies;

that geographical separations which permit sharing between representative terrestrial services and

deep space research aperations are typically several hundreds of kilometres, and may be greater than
500 km in the absence of terrain shielding; and that separations of this magnitude are not readily
obtainable in many parts of the world; and that the spacecraft are visible over large areas of the

globe;

that considerable difficulties can be expected, when sharing trequencies between deep space research
operations and other operations, due to the technical problems uf furnishing the required protection
against both terrestrial and near-earth satellite transmissions;

that although the exploration of deep space has just begun, certain recommendations are possible and
necessary at this time;

UNANIMOUSLY RECOMMENDS

.that frequencies for deep space telecommunications links be located in the frequency band between

100 Mc/s and 10 Ge/s;

the band between 100 Mc/s and 1 Ge/s is gcnerally more suitable for narrow band telemetering, tracking,
and telecommand from launch to intermediate distances;

the band between 1 Gc/s and 6 Ge/s is generally more suitable for wideband telemetering, precision
tracking, and telecommand from launch to extreme distances;

the band between 6 and 10 Gc/s is generally more suitable for very wideband telemetering and very
precise tracking at various distances;

special consideraticn should be given to the availability »f coherently related frequencies, spaced
at 6 to 10% of the higher frequency, for precision tracking systems;
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that spectrum space of the order of 2 to 4 Mc/s per Tink (due account being taken of the dependency
of RF bandwidth on the type of modulation used) is technically suitable to permit transmission of
wideband information for lunar flights;

that spectrum space of the order of 2 to 4 fic/s per link is technically suitable to permit trans-
mission of wide bandwidths for precision tracking;

that tracking be time-multiplexed with lunar television or planetary facsimile where practicable;

that frequencies be shared among deep-space probes with different celestial coordinates but generally
not with spacecraft with the same celestial coordinates;

that the protection criterion for earth receiving stations be established as follows :

for frequencies greater than 1 Gc/s, the total time during which the power density of the interference,
in any sirgle and 2!l sets of bauds 1 c/s wide, is greater than -221 db per c/s at the receiver
input terminals, of a deep~space earth statjon shall .not exceed 9 min. per day;

for frequencies less than 1 Ge/s, the permissible interference power density may be increased at the
rate of 20 db per decreasing frequency decade; '

that the protection criterion for spacecraft receivers be established as follows :

for frequencies greater than 300 Mc/s the total time during which the power density of the inter-
ference, in any single and all sets of bands 1 ke/s wide, is greater than -171 dbl per kc/s at the

“input terminals of the spacecraft receiver shall not exceed 5 min. per day;

for frequencies less than 300 Mc/s the permissible interference power density may be increased at the
rate of 20 db per decreasing frequency decade; ’

that note be taken of the difficulties to be expected in sharing frequencies between deep space
research and other services.
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RECOMMENDAT ION 366

TELECOMMUN ICAT ION L INKS FOR MANNED
RESEARCH SPACECRAFT

(Questions 236(1V) and 237(1V))

(Gencva, 1963)

The C.C.l.R.,
CONS IDER ING

that the frequencies, bandwidths, and interference protection criteria for manned research space

flight tclecommunication and tracking functxons are generally similar to those of unmanned ncar-earth

and desp-space flight (Reparts 205, 21? 219, 220 and 222 and Recommendatlons 364, 365 and 367) with
the special considerat§ons fn]]ow1ng :

that manned space flight has periods of launch, earth-cscape, mid-course manocuvres, terminals -
manceuvres, rendezvous, abort (premature termination) re-cntry and recovery which are in many respects
similar to unmanncd space flight but duc to safety of life considerations are much more critical;

that, in contrast with unmanned space flight, two-way voice communication is a vital part of manned
space flight and is required to aid command and control, guidance, navigation and other telccommunica-

tion functions;

that manned space flight will continue to be in the research phase for several years and as such can
be expected to require the highest telecommunication and tracking reliability, high data rate instru-
mentation such as television, and special tclecommunication links for emergency purposcs;

that the presence of man aboard a spacecraft generally inbreasés’fhe inf&?matfon transmission per
spacccraft by approximately 25% and that manned space flight operations often involve the use of
compound (multi-stage) spacccraft, cach part requiring separate telecommunication and tracking;

that typical telecommunication links used for voicc; téTecommand, and telemetering require approximately
100 ke/s per link with links required for both directions and for two spacccraft engaged in such near-
proximity operations as rendezvous, and that a need therefore can exist for approximately 500 kc/s of
bandwidth per mission;

UNANIMOUSLY RECOMMENDS

that for most communication amd trackiag functions, manned research space flight be considered the
same as unmanned near-earth and deecp-space rescarch flight with respect to frequency regions and
interference protection criteria;

* This Recommendation has been brought to the attention of the Extraordinary Administrative Radio
Conference, Geneva, 1963.
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that frequencies in the HF region below 25 tic/s are technically suitable for voice communication
during the near-earth and recovery phases of manned space flight to extend the range beyond the normal
line~of-sight propagation associated with higher frequencies;

that, to accommodate special requirements resulting from safety of life considerations, for reliable,
line-of-sight, two-way telecommunication links having a bandwidth of as much as 500 k¢/s per mission,
the frequency range from about 20 Mc/s through the lower portion of band 9 (the fregquency range from
100 to 600 Mc/s being generally most suitable, but lower frequencies being usable) is technically

suitable;

that the protection criterion for the earth receiving stations be established as follows: for fre-
quencies near 600 Mc/s, the total time during which the power density of the interference in any single
and all sets of bands 1 kc/s wide is greater than -187 dbll per kc/s at the receiver input terminals of
the carth station, shall not exceed 0.1% of the time; ~and that for frequencies less than 600 Mc/s,

the permissible interference power density may be increased at the rate of 20 decibels per decreasing
frequency decade;

that the protection criterion for receivers on manned spacecraft be established as follows: for fre-
quencies greater than 300 Mc/s the total time during which the power density of the interference in
any single ard all sets of bands 1 kc/s wide is greater than =161 dbll per kc/s at the terminals of the
spacecraft receiver shall not exceed 0.1% of the time; and that for frequencies less than 300 Hc/s,
the permissible interference power density may -be increased at the rate of 20 decibels per decreasing

frequency decade;

that, when necessary™for emergency purposes, manned space flight utilize the recognized emergency
frequencies in accordance with the Radio Regulations, Geneva,.1959;

that the above considerations and recommendations apply only to the initial phases of manned space
flight research, and that a study be undertaken to determine the possible impact of advanced manned
space flight research missions such as space laboratories, cargo ferries, etc., it be1ng quite
probable that such missions will require world-wide frequency allocations.
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RECOMRENDAT 10N 367*

FREQUENCY BANDS FOR
RE-ENTRY COMMUN [CAT I1ONS

{Question 239(1V))

(Geneva, 1963)

The C.C.1.R.,
CONS IDER ING:
that spacecraft re-entering the earth’s atmosphere are enveloped in a self-induced plasma; .

that electromagnetic radiations to and from the vehicle may suffer severe attenuation and other
detrimental effects due to the existence of the plasma;

‘that communications with, and tracking. of, the vehicle may be imperative during the re-entry phase to

ensure a successful mission;

that the selection of frequency bands for re~-entry communications and tracking is dictated partly by
the parameters of the induced plasma;

that the use of such bands requires international agreement since re-entry flight phases may extend
over one earth orbit or more; :

that the only proved solution to the re-entry communication problem to date involves the use of fre-
quencies greater than the critical frequency of the plasma sheath;

that critical frequencies of the plasma sheath can approach or exceed 10 Gc/s§v
that frequencies of 10 Gc/s and higher are affected appreciably by the earth’s atmosphere;

that the bands available at present for space research purposes above 15 Gc/s are technically suitable
for some re-entry communications;

UNANINMOUSLY RECOMMENDS

that both the critical frequency of the plasma sheath and the atmospheric effects be considered in
the selection of frequencies for re-entry communications. (See Reports 205 and 222).

* This Recommendation has been brought to the attention of the Extraordinary Administrative Radio
Conference, Geneva, 1963,
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T "~ Radio2stronomy

RECOMKENDAT ION 314*

PROTECT |ON OF FREQUENCIES USED FOR
RAD IOASTRONOM{CAL MEASUREMENTS

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

The CuCuluRo,
CONS IDER NG

that the devclopment of radiocastronomy has already led to major technological advances, particularly
in receiving techniques, and to impreved knowledge of fundamental radio noise limitations of great
importance to radiocommunication, and promises. further important results;

that protection from interference on certain frequencies is absolutely essential to the advancement
of radioastronomy and the associated measurements;

that, for the observation of known spectral lines, certain bands at specific frequencies are of
particular importance;

that accourt should be taken of the Doppler shifts of the lines, resulting from the motion of the
sources which are in general receding from the observer; N N

that for other types of radioastronomical observations 2 certain number of frequency bands are in
use, the exact positions of which in the spectrum are not of critical importance;

that the sensitivity of radioastronomical receiving equipment, which is still steadily improving,
greatly exceeds the sensitivity of communications and radar equipment;

that a considerable degree of protection can be achieved by appropriate frequency assignments on a
national rather than an international basis;

that, nevertheless, it is impracticable to afford adequate protection without some international
agreement;

UNANTMOUSLY RECOMMENDS
that radioastronomers should be encouraged to choose sites as free as possible from interference;

that Administrations should afford all practicable protection to the frequencies used by radio
astronomers in their own and neighbouring countries;

*

This Recommendation replaces Recommendation 173, has been brought to the attention of the
Extraordinary Administrative Radio Conference, Geneva, 1983.
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3. that particular care should be taken to give complete international protection from interference to
observations of emissions known or thought to occur in the following bands :

Line Line frequency (ic/s) Band to be protected (lic/s)
Deuterium 327.4 322-329
Hydrogen 142044 1400-1427
0H 1667 1645-1675

h, that the bands allocated for standard frequency and time signa) 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 permitting their use for reception in radioastronomy;

5. that consideration be given to securing adequate international protection of a number of narrow
frequency bands throughout the spectrum above 30 Mc/s for the purpose of reception in radioastronomy
(See Note);

6. that Administrations, in seeking ‘o afford protection to particular radiocastronomical observations,
should take 2ll practical steps to reduce to the absolute minimum amplitude harmonic radiations falling
within the band of the frequencies to be protected for radioastronomy;

Note : Radioastronomers in a number of countries have indicated their desire to use for this
purpose one -frequency band at each of the following approximate positions (not necessariiy in
harnonic relation) :

Frequency (ic/s) Bandwidth (Mc/s)
40 + 0,75
80 + 1.0
160 1+ 2.0
640 + 2.5
2560 + 9,0
5120 +10.0

10240 +10,0
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1. General

REPORT 204*

TERNMS AND DEFINITIONS RELATING TO
SPACE RAD |OCOMMUNICAT | ON

(Reso]utioh 21)

(Geneva, 1963)
An agreed terminology relating to space radiocommunication does not at present exist and
the practice followed by different countries and organizations varies considerably, It is evident
that a consistent and clearly-defined terminology is essential if ambiguity and uncertainty are to be
avoided in the preparation and interpretation of the documents of the C.C.I.R.**

Recognizing that the definition of specific radio services and stations is a function of
}.T.U. Administrative Radio Conferences, it is emphasized that the terminology and definitions con-
tained herein are intended for the guidance of the C.C.!.R. They are not intended to prejudge the
decisions taken in this vegard by appropriate Administrative Radio Conferences in the future. It will
be noted, in some instances, that the terminology suggested differs from that found in Article 1 of
the Radio Reguiations, Geneva, 1959,

Ao Services, stations and functions

Space service¥

A radiocommunication service between space stations and earth stations, or between space
stations, or between earth stations, when the signals-are relayed by space stations or transmitted by
reflection or by scattering from objects in space (excluding reflection or scattering from the earth's
atmosphere }.

* This Report, which was adopted unanimously, has been rought to the attention of the Extraordinary
Administrative Radio Conference, Geneva, 1963

**  The publication of these terminological data should forthwith add a degree of clarity and pre-~
cision to space radio documents., The Working Group by correspondence set up by Resolution 21,
within Study Group XIV with the assistance of the specialized collaborators of each of the other
Study Groups, will be able to arrange these data and keep them up to date in view of their in~
corporation in the future Volume |} of the "List of essential radio terms and definitions".

***  This definition represents a departurc frod definitions for the same or similar terms in
Article 1 of the Radio Regulations, Geneva, 1963.
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2. Space station*:

A station in the space service, located on an object which is beyond or intended to go
beyond the major portion of the earth's atmosphere,

3. Earth station™:

A station in the Space'servibe;-IOuated either on the earth's surface (inciuding on board
a ship or a land vehicle) or on board -an aircraft,

4, Communication-<satellite service:

A space service for radiocommunication between earth stations in-which the signals are
relayed by one or more space stations, or are transmitted by reflection or by scattering from objects
" in orbit around the earth,

4. Communication-satellite space station:

A space station in the communication-satellite service,’

4.2-Cémmuhication-satellite earth station:

An earth station in the communication-satellite service.

5. Meteorological-satellite service:

A space service in which meteorological information obtained directly thrqygh;jnstrqments
on board earth satellites is transmitted to earth stations from space stations on board such satellites.

5.1 Meteorological-satellite space station:

A space station in the meteorological-satellite service.

5.2 Meteorological-satellite earth station:

An earth station in the meteorological-satellite service.

6. Radionavigation-satellite service:

A space service in which space stations on board earth satellites transmit .information
% for purposes of navigation.-

6,1 Radionavigation-satellite space. station:

A space station in the radiochavigation-satellite service.,

6.2 Radionavigation-satellite 2arth station:

An earth station in the radionavigation-satellite service.

* This definitiun represents a depdarture from definitions for the same or similar terms in Article 1
of the Radio hequlations, Geneva, 1959,
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7. Space research scrvices

A space service in which spacecraft are used for research purposes.

7.1 Space research space station:

A space station in the space research service.

7.2 Space research earth station:

An earth station in the space research service,

8. Broadcasting-satellite service:

A space service in which signals transmitted by space stations, or by reflection or by
scattering from objects in orbit around the earth, are intended forvdirect reception by the general

public,

8.1 Broadcasting-satellite space station:

A space station in the broadcasting-satellite service.

8.2 Broadcasting-satellite earth station:

An earth station in the broadcasting-satellite service.

9. Terrestrial services:

A genera! tern applied to any or all radio services as defined in Article 1 of the Radio
Requlations, Geneva, 1959, other-than space services,

10. (Space) telemetering:

“The use of telemetering for the transmission from a space station of measurements made in a
spacecraft, including those relating to the functioning of the spacecraft.

191 Maintenance telemetoring:

Space telemetering relating only to the electrical, mechanical and/or environmental. condition
of a spacecraft and its equipment. THis would include the telemetering of values of such parameters
as-fuel supply, power supply voltages, rate of battery chargor discharge, signal levels, temperature
and pressure within a spacecraft and similar data unrelated to the radio service in which'a space-
craft is designed to operate,

1.1 {Space ) telecommand:

The use of radio signals transmitted to a space station to initiate or terminate actions
within the associated spacecraft.

12 (Space ) tracking: »

Deternination of the orbit, position, or velocity of an object by a continuous process of
radiodetermination,
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8. Terms relating to orbital characteristics

13. Orbit:

The path in space followed by a satellite. (Normally, this is a path determined by the
gravitational field of a2 primary body; such as the earth. To a first approximation, all orbits are
simple confc sections, f.e., a circle, ellipse, parabola or hyperbola),

14, Circular orbit:

An orbit in which the distance of the satellite from the centre of mass of the primary
body s constant. :

15, Elliptical orbit:

A closed orbit in which the distance of the satellite from the centre of mass of the
primary body is not constant,

16, Equatorfal orbit:

An orbit, the plane of which coincides with that of the equator of the primary body.
17, Polar orbit:

An orbit, the p]ané of which is orthogonal to the equatorial plane and thus contains the
polar axis of the primary body.

18. Inctined orbit:

An orbit in a plane between those of the equatorial and polar orbits. The angle of
inclination is measured between the plane of the orbit and the equatorial plane.

19. Apogee: .

The point 6f maximum altitude attained by a satellite in an elliptical orbit about the
earth,

20. Perigee:

. The point of mimimum altitude attained by a satellite in an elliptical orbit about the
earth,

21, Random sateilites:

Satellites, the positions of which vary continuously relative to other satellites within
the same system,

22. Station~keeping satellites:

A satellite, the position of which, relative either to other satellites in the same system
or to a point on earth, ts maintained within given limits.
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23. Attitude~stabilizad satellite:

‘A satellite designed to maintain one or more of its axes in a specified direction or
directions, e.g., toward the centre of the earth or toward a fixed position in space.

P4, Synchroncas satellite:

A satellite having an orbital period equal to the period of rotation of the primary body
aboat its own axis,

25. Sub-sychrono¢s satellite:

A satellite having an orbital period which is an integral fraction of the period of ro-
tation of the primary body about its oun axis.

264 Stattonary satelllte:

A synchronous satellite in a circular, equatorial orbit and moving in the direction of
the primary body.

Ce Niscellaneous terms

27. Active {communication) satellite:

A communication satellite using a radio station on board the satellite.

28, Passive satellite:

v A satellite intended to relay fadio-signals by réflection or by scattering at the satellite.
~ (This tern encompasses ECHO-type balloons, orbiting dipoles, the moon, etc.)

29. Deép space:

Space at lunar distances and beyond.

30. Satellite system:

A system which provides a space service by means of a co-operating group of one or more
earth stations and one or more associated satellite space stations or passive satellites.

31, Spacecraft:

Any type of space vehicle, including earth satellites, deep space probes, etc. whether
manned or unmanned. ' V
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REPORT 205*

FACTORS AFFECTING THE SELECTION OF

FREQUENCIES FOR TELECONMMUN [CAT INS

WiTH AND BETWEEN SPACE CRAFT

(Question 239(IV), Study Programme 191(V), 204(Vi) and 205(V{))

(Los Angeles, 1959 - Geneva, 1963)

Introduction

. The purpose of this Report is to summarize the relationship between frequency and radio
propagation and other technical factors which influence radiocommunication in space, to determine 2
basis for the selection of frequencies for communication between the earth and a spacecraft, or for
commurication between spacecraft. ‘

Section 2 considers, in a general manner, the propagation factors affecting communication

with spacecraft: § § 3 and 4 apply this information to typical systems of communication with and
between spacecraft respectively, and to examine the dependence of the signal and noise levels on fre-

quency.

Factors affecting communication with spacecraft

Rapid advances in the use of spacecraft and expanded demands for communication have intensified
the requirements for space communications. Usually only modest transmitter powers are available in the
spacecraft and, therefore, careful. engineering of circuits for spacecraft is necessary, paying parti-
cular attention to the selection of radio frequencies. The basis of selection of optimum frequencies
may be: the available signal-to-noise ratio for a given transmitter power; the minimum probability of
interference; or other considerations.

The discussion in this section considers, as its first objective, the way in which propaga-
tion effects control the signal strength and the noise level, However, it is:recognized that the
signal-to-noise ratio may not be the sole criterion of frequency selection, and some comments are made
on refraction effects and other factors which may disturb the character of the signal and cause pro-
blems_ in location and tracking,. - '

Radio "windows"

. A1l comnunication between the earth and spacecraft must pass through the earth’s atmosphere,
including the troposphere and ionosphere. Communication between spacecraft will usually involve radio
paths outside the influence of the lower atmosphere of the earth.

The atmosphere is frequency selective, allowing some frequencies to pass through readily while
severely attenuating others. A range of frequencies in which waves penetrate the atmosphere readily is
often called a "window".

O ——————————t e

»*

This Report which replaces Report 115, was adopted unanimously. It has been brought to the
attention of the Extraordinary Adninistrative Radio Conference, Geneva, 1963.
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Two principal ranges of frequeucies pass readily through the atmosphere lfﬁ _;7. They
are :

- the range between jonospheric critical frequencies and frequencies absorbed by rainfall
and atmospheric gases (about 10 ¥ic/s to 20 Gc/s);

- the combined visial and infra-red ranges.

o The atmosphere is known to be partially transparent in a third range, below about 300 ke/s
[ 2 /. Vaves are propagated through the ionosphere in this range by what is sometimes called the
whistler-mode, Propagation in this mode is not yet well understood. Since the bandwidths required
for most space applications are not available in this frequency range, it is not considered further
in this Report,

The range 10 Mc/s to 20 Gc/s is of more immediate interest, particularly to the C.Cul.R.,
for communication with spacecraft purposes. The upper practical limit of this range may be beleu
10 Gc/s during heavy rainfall, and the lower limit may be above 70 Mc/s depending upon the degree
of solar activity, the geographical position of the earth station and the geometry of the signal
path, On the other hand, the "window" may extend from as low as 2 Mc/s for polar locations during
the night / 3 _/ to as high as 50 Go/s at locations at high altitude free from rain. Fig. |
illustrates these general frequency limitse

Although the lower frequency-limit of the window is essentially limited by jonospheriec
influences, the use of frequencies_near the lower limit of the window may be restricted by noise from
extra-ferrestrial or atmospheric sources. Interference problems may also be more difficult at these
frequencies.

At higher frequencies, the main factors influencing the signal-to-noise ratio are :

the signal power available undur free-space propagation conditions,

the absorption in the atmosphere,

radiation from natural extra-terrestrial sources,

thernal noise radiation arising from atmospheric absorption, and also from the earth via
side-lobes in the directivity pattern of the antenna.

Free=space propagation

Although great distances are involved, the propagation medium in space is essentially
transparent to radio waves over a wide range of frequencies and performance estimates for this range
may be based on free-space propagation. The dependence on frequency of the input power to a receiver
under free-space propagation conditions depends upon the type of antenna at the transmitter and the
receiver. This dependence is shoun by the fo]lowing,fhee-space propagation formula :
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;- { x, /z Py G; Gr‘) K 2 ptzetze
PSS e £ 4
where
Pr = available power from the receiving antenna,
Pt = radiated power;
X | = wavelength in free~space,
f = frequency
d = distance betweeﬁ transmitfer and receiver,
Gt = powér gain of-thé.transmitting antenna, relative to an isotropic antenna,
Gr = power gain of the receiviﬁg-antenna, relative to an isotropic antenna
¢ = velocity of light in free—space. '

If both the transm:ttlng and receiving terminals of a free-space communlcatlon link use
omnidirectional antennae or. if the beamwidths at both terminals are fixed,

Pr is proportional to E

L

so that the received power increases as the frequency is decreased.

If one terminal of a free-space communication link uses a directional antenna of fixed
physical size and can operate with narrower and narrower beamwidths as the frequency is increased,
while the other terminal uses an omnidirectional antenna 05 an antenna of fixed beamwidth, e.g. a
directional. antenna on the.carth's surface (Gt = Const, :f%)* and an omnidirectional antenna on 2
spacecraft.

Pr is proportioga] to IEL
4

so that the received power is independent of frequency.

If both term1nals of a free-space communication link use directional antennae of fixed
physical size and can operate with narrouer and narrower beamwidths as frequency is increased, e.g. 3
directional antenna on the earth’s surface and a directional antenna on a more elaborate spacecraft
(Gt = Consts 2 and Gr = Consts fO)* :

Pr is proportional to Pt f2

&

so that the received power increases as the frequency is increased.

* In the direction of maximum antenna gaine
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Fige 2 illustrates the power available for free-space propagation when both the antenna at
the earth station and the antenna at the space station have maxinum physical size and minimum limite-
tions on beamwidth. Within the "radio window", maximum available power depends on the operational
requirements and antenna design which usually establish the physical size of the antenna and the
limitations on beamwidth, :

Signal attenuation

Actual propagation conditions may vary substantially from free-space conditions, particularly
at frequencies near the edge of the radio "window", and it is necessary to correct for tropospheric
and ionospheric effects to obtain a true estimate of the dependence on freguency.

~ For higher frequencies this correction is primarily to take account of attenuvation due to
atmospheric gases, clouds and rainfall,

Fig. 3 indicates the attenuation of the signal for a vertical path in a clear atmosphere as
a function of frequency. The curves are besed on a theoretical estimate for an atmosphere typical of
Washington, DsC. in August / 4 _/, and illustrates the frequency-dependence expected in a moderately
humid area, Additional theoretical and experimental work is necessary tu determine atmospheric
absorption completely, The attenuation when the path is not vertizal will be increased by a factor
independent of frequency / 5 _/; approximate values of this fa-tor are given in Table | for various
angles of elevation. ‘

Table |

Effect ofﬂang]e of elevation on atmospheris absorption

v ] .
Angle from the horizontal 0° \ 50 7.5% | 10° 200 90°
Factor by which the attenuation in ‘
db is greater than that for a vertical 80 1 11 7 5 2 1
path | ' ‘ ‘
}

_Figy_4& shows the attenuation of the signal per 1 km of path due to rainfall, and to cloud
and fog / 6 _/ , [/ 7_/. Estimetion of abscrption due to rainfall is complicated by variation
of drop size distributions for the same rainfall rate and by turbulence which may produce a different
water content in the air than indicated ty surface measurement, - Fig, 4 abplies to a typical drop size
distributiqn in steady rainfall, It nust however ke remembered that the effective antenna noise
temperature increases during rainfall; also changes of antenna impedance during heavy rainfall may
further degrade the receiving conditions.
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Estimation of the percentage of time for which a given attenuation occurs requires
statistical information on the horizontal and vertical extent of rainstorms, and on cloud thickness
and goverage. For example, an estimate based on statistics for Southern England for cloud / 8 /
and rain, making assumpticns concerning the dimensions of rainstorms, shows that the attenuation
exceeded for 19 of the time is about 0,25 db due to rain and about 0.7 db due to cloud, taking the

case of 50 glevation and 2 frequency of 4 Gc/s.

“Near the low frequensy edge of the window the absorption in the ioncspheric D-, E- and F-
regions increases with decreasing frequency. For most terrestrial locatiens even at 20 Mc/s this
influence will rarely produce an attenuztion greater than 1 db at vertical incidence or 6 db at Tow
elevation angles. However, much larger values have been observed at high latitudes in the presence
of aurorae, in particular during short-lived drop-outs 1 9_J. The low frequency edge of the window
is dependent on time and varies according to the lacal and regional ionospheric characteristics.
Complicated ionnspheric refraction and reflection phenomena can produce focusing and defccusing pheno-

_mena, in particular under conditions of scintillaticn (see para. 2.5) and near the frequency limit of

reflection / 10 _/.

Refraction phenomena

A radio ray passing through the lewer atmosphere is bent by an amount depending on the angle
of incidence and the thickness of the atmosphere traversed, The effect is largely independent of fre-
quency, and its magnitude greatest at small angle of elevation. The magnitude of the bending is
significant only for very small angles of elevation, Fig. 5 shows the_average amount of bending-
versus apparent angle of arrival for two extreme types of atmosphere / 11 /. It is clear that the
error in angle of arrival is very small for elevation angles greater than 50 , althouch it can be of the
same order as the antenna teamwidths which are likely to be used for communication satellite systems.

lonospheric refraction also increases the apparent elevation, but it is important only near
the low frequency edge of the window and decreases considerably with increasing frequency, It is
essentially given by the sellmeier dispersion formuia / 10 /. The effect varies greatly according
to the time-variations of the ejectron density and also with regional variations, the highest values
being found in tropical regions. Ancmalous effects occur frequently near the lower frequency limit of
the window / 10_/. lonospheric dusting may cccur at altitudes beiow roughly 500 km and may be

“important-at frequencies up to several hundred ic/s / 12 _/.

Scintillation and spatfer

Sc;nttllatlon, fvea fluctuation with time in the amplitude and direction of arrival of the
signal, aczcurs vhen 1nhomogeneltles in the refractlve index are present which vary in time. The time
varxaflon results from motions of these inhomogeneities in the atmosphere ¢r from motion of the space-
craft Under these conditions there may be a lack of phase coherence so that typical phase effects
(see § 2.6) cease to be well defined. Large aperture antennae will not realize their full plane wave
gain under these circumstances so that an apparent attenuation is observed.
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Tropospheric scintillation occurs mainly at very low elevation angles. Measurements are,
howsver, available hich show that the effect_is not negligible even at higher elevation angles in
the case of high directivity antennae / 13 _/.

_ _ lonospheric scintillations have been observed quite frequently related to auroral phenomena
[ 10 7, [ 14 _f. Such observations have been reported on frequencies up to I Ge/s [ 15 _/.

_ Scattering of'energy over a wide range of angles may also occur. Although the attenuation
and distortion of a signal resulting from this is generally quite negligible, the fractipn of energy
scattered may sometimes be a cause of interference.

2.6 Phase effects

A Doppler frequency-shift is produced if the path length of a radio link varies with time,
giving a continuous change of phase. The received frequency f’ is increased relative to.the trans-
mitted frequency f for a decreasing path length, and is decreased for an increasing path lengths In

the simplest case of free-space propagation the formula is :

where ¥ is the rate of change of path length and ¢ is»the velocity of light, The frequency shift

r
Af isa constant percentage of the transmitted frequency, and therefore increases with increasing_fre~
quency. For a low altitude satellite the fractional change has a maximum value of up to 2 x 1077,
The change is however, greater for rockets and for satellites on take off and re-entry and, at times,
also for spare probes.

The Doppler effect gives frequency variations during the passage of a satellite which must
be allowed for in considering frequency allocations for earth-space systems. Second-order difficulties
may arise from the fact that the absolute frequency shift is not exactly sonstant throughout the fre-
quency band occupied by the transmission,

Tropospheric retraction has only a negligible influence on Doppler shift. However, the
ionospheric influence cannot be neglected near the lower frequency limit of the window, up to a few
hundred Mc/s. This ionospheric influence is, again, variable with time and Jocation. Considerable
effects have been observed at frequencies below 100 Hc/s lﬁ 10 7:

The Faraday effect appears as a consequence of double refraction in the ionosphere in the
presence of the earth's magnetic field. This gives rise to a rotation of the plane of polarization
of a linearly solarized plane wave. The effect depends on the electron density and on the strength
and direction of the magnetic field. The total number of rotations is often several hundred in the
vicinity of the lower frequency edge of the window. The Faraday rotation may occasionally reach a
value as high as 150° at 1 Ge/s / 16 _J.

2,7 Noise
To determine optimum frequencies, the variation of background radio noise within the radio

Window my;t alsovbe considered. This noise arises by radiation from natural terrestrial and extra-
terrestrial sources, man-made noise, and by radiztion from the absorbing atmosphere around the sarth,
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and may be received in both the main and subsidiary lobes of the antenna. Radio noise is frequently
described in terms of an effective antenna temperzture.

0f 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
increasingly important,

There are three types of cosmic noise, namely a background radiation (mainly from the
galaxy), radiation from point sources, and solar noise. The magnitude of the background cosmic noise
decreases as the frequency is increased and hecomes negligible in comparison with the receiver noise
at frequencies above about 1 Ge/s / 17 _/. The point sources are of very small angular width and
are rarely intercepted by an earth station antenna.

"The sun is also of small angular width and is rarely intercepted by an antenna beam. How-
ever, its apparent noise temperature may be very high and the noise received via side-Tobes may be
significant in some cases. Solar noise is dependent on the frequency and an the degree of solar
activity. The apparent noise temperature of the quiet sun varies from almost 1 000 000° at 30 Hc/s
to about 10 000° at 10 Ge/s. The amount of solar noise received by an antenna clearly depends on the
epparent temperature of the sun, and on the fraction of the antenna beam intercepted by the sun.

In addition to noise from extra-terrestrial sources, noise also originates in the earth’s
atmosphere, When viewed through an absorbing region at a temperature T,, the effective sky tempera-
ture due to a source at a temperature To’ which fills the antenna beam, is given by

(1 =~9) T] + AT
0

where =<, the power transmission factor of the absorbing region, is related to the attenuation L,
(db), by the formula '
L = 10 10910 (_g}}
Fig. 6 shows the apparent sky noise temperature due to background cosmic noise and to
atmospherie absorption as a function of elevation angle for the frequency range from 100 Mc/s to
40 Ge/se This graph is for typical summer conditions but does not include the effects of cloud and
rain, The two curves for cosmic noise correspond to the limiting cases with the antenna directed
toward the maximum noise radiation, near the galactic center, and with the antenna directed toward
the minimum noise radiation. [n estimating antenna temperatures, the antenna pattern and radiation
from the earth’s surface must also be considered.

The noise due to absorption in cloud and rzin may be calculated from the formula given above
if the temperature and rate of attenuation and their distribution along the path are known. During
heavy rain or dense fog, antenna temperatures at the highest frequencies considered here, will tend to
approach the temperature of the atmosphere,

Communication with space craft

-Fige 7 combines some of the more important technical factors (on the basis of / 4 / and
AR _J to/ 2k _J)to illustrate the general frequency dependence of available signal and noise
powers. in a simple satellite system; namely an unstabilized satellite with an isotropic antenna
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1000 kn from an earth station which is located at sea level. The data refer to the link from space
to earth which is thought to be generally the weaker one. it is assumed that the diameter of the
antenna at the earth station is limited to 20 m and the minimum beamwidth is 0.2°, Under these
conditions, the available signal power remains constant under clear atmospheric conditions ub"io the
frequency at which the beamwidth limitation is reached (about 5 Gc/s). At higher frequencies the
limiting beamwidth is used and there is a decrease in available signal power. There is also increased
atmospheric absorption at the higher frequencies,

o The noise power is estimated for a parabolic antenna in a moderately humid sea~level location
{Washington D.C., August) and includes earth and solar-noise contributions from typical side lobes of
a simple parabolic antenna, Careful design for side lobe suppression will result in somewhat lower
noise values. The same general frequency dependence holds for any fixed beamwidth antenna on the

" spacecraft,

Fig. 8 illustrates the relationship between the available signal and noise powers and the
frequency in a more elaborate communication satellite system, namely a stabilized stationary satellite
using an earth oriented directional antennae. For the clircuit parameters assumed, the available
carrier power increases with frequency until the beamwidth. Limitation of the satellite antenna is
reached (20° peamwidth at about 2 Gc/s for a paraboloid 0.5 m in diameter); the available signal
power is then essentially constant until the beamwidth limitation of the earth station is reached
{0.2° beamwidth at about 6 Gc/s for a paraboloid 18 m in diameter). Beyond this frequency there is
a decrease in available power as frequency is increased.

Fig. 9 illustrates the relationship between available signal and noise and the frequency in
an elaborate stationary satellite system using very directive antennae with an elevated earth station
in a moderately humid area (Washington 0.C,, August) and also in this area during moderate rainfall.

Fige 10 illustrates the typical service area of a stationary satellite as a function of the
angle of elevation for reception.

Fige 11 shows the variation in service area at various altitudes of the satellite.

Communication between spacecraft

The choice of frequencies for radjo links between spacecraft which is considered in this
section, is determined largely by limitations on the spacecraft antennae as determined by the space~-
craft mission, and by cosmic noise. When using simple omnidirectional antenna, solar noise is an
important limiting factor. Three configurations are considered. The simplest uses omnidirectional
antennae on both spacecraft, The second has directional antenna on one of the spacecraft and the
most advanced has directional antennae on both. ’
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For spacecraft to spacecraft communications, the controlling factors on system noise are
cosmic and receiver noise. Cosmic noise decreases somewhot more rapidly than the square of the fre-
quency as shown ‘in Fig. 6. If the spacecrafts are in the vicinity of the moon, the earth, or the other
planets, the temperature and masking effects of these bodies must be included.

In calculating received power levels for these systems, use can be mode of the formulae in
8§ 2.2 of this report.

. It is obvious that spacecraft having directional antennae will require high angular stability
so angular motions are small compared with the antenna beamwidth. Also, depending on the difficulty

of search, acquisition and tracking of the signal being received, the beamwidth of the antenna may have
to be ]arger than that determined only by spacecraft stability and maximum permissible antenna area,
Thus both the gain and antenna area may be limited. Under these conditions, a particular transition
frequency f,, above which the system gain is limited by the minimum acccptable beamwidth and below
which it is limited by the maximum area of the antenna, may be defined by the following relation :

where :

A maximum permissible antenna area,

m

G
m

maximum permissible antenna gain, relative to an isotropic antenna,

At ‘ree-space wavelength corresponding to the transition frequency.
The transition frequency (f,) is the one frequency at which the maximum permissible values
of both antenna area and antenna gain may be used.

For the particular case of omnidirectional antennae on both spacecraft, the frequency
variation of signal-to-noise ratio for receiver noise temperatures of 300%K and 1500%K is shown in
Fige 124 It is seen that for this configuration, there is a broad optimum operating region extending
from about 10 Hc/s to 150 Mc/s or more, the low-frequency limit belng determined by cosmic noise / 18 /
Much. lower spacecraft receiver noise temperatures than those considered may eventually be -achieved.

Similar curves are shown in Fig. 13 for a directional antenna on one of‘the‘spacecraft and an
omnidirectional antenna on the other. The optimum frequency region depends on the transition frequency
of the directional antenna. Above this frequency, the received signal decreases as the square of the
frequency because of the beamwidth limitation. Below this frequency, the curves are controlled as before
by the receiver noise temperature and the frequency variation of cosmic noise. It is seen from the
diagram that when the transition frequency is very high, the optimum frequency region tends to broaden
considerably,
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For similar directional antenna on both spacecraft, the received power will decrease on each
side of the transition frequency as the square of the frequency, if one disregards noise of cosmic
origin. For systems presently envisaged, the optimum frequencies may lie anywhere in"a range between
about 1 and 30 Ge/s depending on maximum permissible antenna areas and antenna gains.

Summary

Communication between earth and space is possible within two broad frequency bands; about
10 Me/s to 20 Ge/s and in the infra~red:and optical regions. Wl@h(the current state of development,
the lower frequency band is of more immediate interest, particularly to the C,C.l.R. and has been
considered in this report,

- The upper limit of the band considered is dependent upon tropospher1c conditions and the
lower llmxt depends upon ionospheric conditions and cosmic noise. The band, therefore, is not sharply
defined, but is dependent upon geographic location and time of operation.

Within the band, the optimum frequency will depend upon the specific communication system.

For communication with spacecraft where the spacecraft has an omnidirectional antenna the
ayailable signal and noise.powers are essentially constant over a broad frequency range. The practical
upper frequency limit depends upon the minimum beamwidth which will permlt acquisition and tracking
at the earth station as well as upon atmospheric conditions.

For communication systems using unstabilized spacecraft avajlable signal-to-noise is constant
over a broad frequency range with the practical upper frequency limit dependent upon maximum antenna
size and minimum beamwidth limitations at the earth station.

_ As_systems become more refined through stabilized spacecraft and the ability to use narrou-
beam antennae, the upper frequency 1imit increases,. and may extend to above 15 Gc/s for more elaborate
systems if reception is not required at very low angles.

Optimum frequencies for communication between.spacecraft depend upon whether omnidirectional
or highly directional antennae are necessary to provide the servide requireds For omnidirectional
antenna on_both_spacecraft, there is a broad optimum frequency region between about 10 Mc/s and
150 Me/s / 1 _/« For a directional antenna in one spacecraft, the desirable region liec between
about 300 ) Mc/s and 3.Gc/s, and for directional antennze on both spacecraft between about 1 Ge/s and
30 Ge/s. These values may, however, be different if the effect of solar noise is important.
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Lecend to Figure |

Chart illustrating the general frequenzy limits in

a simple earth to spacecraft communication systen

(Space craft : isotropic antenna, transmitter power, 1Y,
banduidth, 1 ke/s, distance 1000 kn)

Earth station antenna :

Paraboloid, diameter, 20 m, efficiency, 55% :
15 db gain above isotropic antenna = = = == - mmw e - mm e e e m e

¢ Signal level during ideal night-time conditions (np absorption),

L2y

Typical signal level during day-time conditions assuming an angle of elevation of 50,

Minioum frequency to assure penetration of earth's jonosphere : polar region-oblique path,
tropical region-vertical path,

Minimum frequency to assure penetration of earth's ionosphere : tropical region-oblique path,
Beamwidth of paraboloid between half-power points,

Effect of jonospheric absorption,

¥inimum cosmic noise. Maximum values will be found to be higher by about 15 db,

Noise level corresponding to a temperature of 70° K,

Noise due to absorption in a clear atmosphere, assuming an elevation angle of 50

Typica] signal level for a vertical path in 2 clear atmosphere,

Typ1cal signal level in heavy rain (16 mm/h), vertical depth 1 km, assuming an elevation angle
of 5 ‘

Effect of varying atmospheric conditions and elevation angles.
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Available power (db below 1¥)
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Theoretical one-~way attenuation for a vertical path in a
moderstely humid ares ZWashiﬁton D.C; in Augsts

: at sea-level
B: at 2 km above sea-level
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10
1
G,
0,01
3
Frequency Ge/s
FiG, 4
Attenustion in rainfall of intemsity: 4, 0,25 mm/hr, (drizszle)
B, 1 mm/hr, (1light vain)
¢, 4 mm/hr, (moderate rain)
D, 16 mm/hr, (heavy rain)
E, 100 mm/hr, (very heavy rain).
~ = = = ~ Attenuation in fog or cloud : P, 0.032 gm m> (visibility =-600 m)
Gy 0.32 gm/m> (visibility about 120 m)

2.3 gu/m3 (visibility about 30 m)
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Available power (I) or Noise (II) (db below 1¥)
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Theoretical signals and noise in a simple space radiocommunication svste

Unstabilized satellite, 1000 km, 1V, earth terminal at sea-level,

Available signal atmosphere typical of Washington D.C. in August.
- ~ = = = = = Available sigmal, "Heavy" rainfall, 1 km in depth.

Earth station antenna: maximum diemeter, 20 m
minimum beam width 0,2°
Space craft antennas isotropic.

Bandwidth : 10 Mc/s.

A : typical maser noise,

4 ; angle of elevation of the earth station antenna.
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Available power (I) or Noise (II) (db below 1W)
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ITheorstical signals and noise in a "typical” space radiocommunication 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 n
Minimum beamwidth 0,29

Space craff antemna ¢ Maximum diameter S m
Minimum heamwidth 22°

Bandwidth : 10 lic/s

A : Typical maser noise

4 : Angle of elevation of the earth station antenna.
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Available power (I) or Noise (II) (db below 1W)
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Theoretical signals and noise in a "more elaborate® space radiocommunication svstem

Stationary highly stabilized, earth oriented, satellite, 1#, earth station 2 km
above sea~level,

- -

----- Available signal, "moderate™" rainfall, 1 km in depth

Earth station antenna : maximum diameter, 20 m

minimum beamwidth, 0,05° .

Space craft antenna : maximum diameter, 3 m

minimum beamwidth 0.2°

Bandwidth : 100 lic/s

A
AR

typical maser noise
angle of elevation of the earth station antenna.

Available signal, atmosphere typical of Washington D.C., in August
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Signal-to-noise ratio (db - arbitrary reference )
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Frequency Me/s
Fi6, 12

System signal-to-noise ratio for commnication betwsen space craft,
both with omnidirectional antennae

Receiver noise temperature 3000K,

------- Receiver noise temperature 1500°K,

A: minimum cosmic noise,
B: maximum cosmic noise.
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Signal-to-noise ratio (db - arbitrary reference)
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System signal-to-noise ratio for communication between space craft,
orne of which has s directional antenna

Receiver temperature 300°K,
------ Receiver temperature 1500°K,

¢ mninimum cosmic noise,
B: meximum cosmic noise.,

(a /a) = meximum antenna surface §m22
o "m’ T

maximunm antenna gain
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2. Communi cation Satellites

REPORT 206*

COMMUNICAT10M-SATELL {TE SYSTEUS

General. considerations relsting to the choice of orbit,

:satel!ite and type of system
{Question 235 (1V})

(Geneva, 1963)

Introduction

Various orbits and types of satellite h-ve been pfoposed far communication-satellite systems;
it is the aim of this Report to consider the characteristics, advantages and disadvantages of the various
types of satellife system from the technicel point of view. [t should, however, bé ‘recognized that the
chiice of system or systems will depend not only on the technical chtors 1nvo]ved but also. on operation-
al, administrative and economic factors.

{t is noted that, since the development of communication-satellite systems is necessarily an
evolutionary process, and beczuse all operational and transmission requirgments may not be met by a
single type of system, more than one system or type >f system may eventually be incorporated into the
world telecommunication network. The problems arisiny from the combination of communication~satellite
syétems;bn'a‘technically compatible basis so that they may be interconnected with one another ani with
other transmission systems are outlined.

The use .of communication~satellite systems in the world teTecommunication network requires
consideration of ‘the type and volume of traffic (telephone, telegraph, data, television etc.) to be
accommodated, the routing of the traffic, the probable loctians and capacities of earth stations and
the overall performance required. Traffic aspécts are a matter for ths C.C.1.T. T./C ol .R. Plan Committee
to consider; performance aspects of telegraphy, telephony and data transmission are “Hitters for the
C.CulalT, to decide; the C.M.T.T. deals with the case of television. These factors, nevertheiess,
have a marked 1nflunnc” an the design of communicotion~satellite systems: they determine, for example,
the extent of the need for multi-statfon access, the capacities to be provided in sate]lites and the

frequency requirements. The design of earth.stations also is affected,

Finally, the present state~of- the—art is reviewed, ani an 1nd1cwtlan is given of matte@ re~
qu1rlng further “study and investigation, with a broad indicction of the possible time-scale of future
developmqnts._

Possible types of orbit

The possible orbits include circular and elliptic orbits in the equ-toriz1 and polar planes
of the Earth, and orbits inclined at an angle to the equatorial plane.

This Report, which was adopted unamimously, has been brought to the attention of the Extraordinary
Adm1n1strative Rzdio Conference, Genev~, 1963
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Thé heights and perfods of the orbits of interest for communication-satellite systems may
be classified, for convenience, as follous:

~ low-altitude orbits: heights from 1000 to 5000 km; periods from 2 to 4 hours (approx);

- Intermediate~altitude orbits: heights from 5000 to 20,000 km; periods from 4 to 12 hours
(approx );

- Synchronous orbit: approximate height 36,000 km; period 24 hours.

The periods given are for circular orbits, and the heights are relative to the surface of
the farth,

In the case of the synchronous orbit, it is assumed that the satellites move from West to
East, the period of 24 hours being the same as that of the rotation of the Earth on its axis. ‘hen
such an orbit is in the equatorial plane of the [farth, the satellites are stationary since they-appear
to be motionless relative to observers on Earth, Synchronous inclined orbits are passible, but the
satellites are then not stationary.

SuB-synchronous sateltites have periods correspondjng to an integral fréctidn'of'the period
of rotation of the Earth; examples are as follous:

altitude: 20,000 km (approx:) Period: 12 hours
" 14,000 kn " " g
m 10,500 kn " 6

Random satellites are noh—synchronous satellites, the height, orbital period, and orbital
plane of which are established within 2 reasdnable degree of accuracy, but which are not precisely
controlled, Hence, there is relztive motion, of a predominantly random value, betwsen satellites.

Although orbits above the synchronous height of 36,000 km are possible, they have no sig-
nificant advantages for communication-satellite systems.

" Circular arbits in or near the equatorial plane of the Ecrth would have the advantsge that
perturbations of thie orbits due to the oblateness of the Earth, and perturbations due to the Moon and
Sun, are mininized, thus facilitating the use of station-keeping and attitude-stabilized satellites
(see §§ 342 and 3.3)

In the case of elliptic orbits, the satellites move relatively slowly near apogee and thas
are visible for longer times between certain pairs of suitably placed locatizns on the Earth as com~
pared with circular orbits of the same period; on the other hand the mutusl visibility betwesn sther
pairs of locations may be less. The elliptic arbit inclined at about 64° to the equator is of inter-
est since the apogee remains at approximately the same Tatitude. These characteristics of elliptic
orbits are of greater advantage for systems of regional, as opposed to world-wide, coverage; in the
latter circumstance elliptic orbits show no special advantages and are at a disadvantage as regards
satellite station~keeping. I[n addition it would be difficult to use earthward-directed antennae
efficiently on such satellites.
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The higher orbits have the advantage af providing greater coverage of the Earth from edch

“satellite, so that fewer satcllites would be required for world-uide cover=ge. On the other hand, a

more powerful rocket Tauncher would be required to put a given payload into the higher orbits. The
use of circular equatorial, or near-equatorial, orbits in the Yest~tc<East direction would enable
larger payloads to be put into orbit than in the E~st-to-~West direction by taking~édvantage of the ro-
tational velocity of the Earth. The use of only the equatorial plane with an equatorial Taunching
site as opposed tc the multiple orbital planes required for polar or inclined orbit systems would
simplify the launching problem, provided that a satisfactory equatorial site is avail-ble.

To minimize the risk of damage to solar cells and other solid-state devices dué t5 intense
proton and electron radiztion in the inner region of the Van Allen belt, it may be desirable, in the
interests of achieving long-life satellites, to &void arbits passing through altitudes of from about
1500 to 5000 km in and near the equatorial plane, unless suitable radistion-resistant devices or
screening methods can be devised.

The choice of orbital height is also important from the aspect of transmission-delay over
the earth=satellite~earth path (see Report 214). T

Possible types of satellites

Satellites useful for communication may be classified as passive or active; stabilized or
unstabilized ; and random or station-keeping.

Passive and active satellites

Passive earth satellites may be either natural or made by man.

The dnly known natural satellite of the earth is the moon. Tests over a period of years
have shown that, when time delay is not a controlling factor, e¢.g. in the case of telegraphy, the
moon may be used successfully for transmission of information occupying a few kilocycles per second
of bandwidth, The transmission 1dsses encountered on an earth-moon-earth circuit are very large.
Mso, such a circuit is not continously available.

Man-made satellites suitable for use in a passive satellite-communications system involve
two principal approaches:

- comparatively large thin-walled structires which ~re inflatablec in space;

- orbiting -dipoles.

A passive satellite now in orbit is £cho |. "1t was Taunched in 1960 into an approximately
circular inclined orbit at an altitude of 1450 km and was inflated in space immediately after launch.,
It is 2 thin-walled 33 meter diameter spheroid of aluminized mylar. In addition to other tests, it
has been used to confirm propagation predictions and to demonstrate vaice communications. Further
launches and tests are to be made, using larger spherical passive structurcs which are less subject
to deformation. Investigation also is continuing on methods of increasing the radio cross~section to
mass ratio, with the objective of improving the usefulness of passive satellites.
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Consideration has been given to the placing of dipales in suitable orbits. Being resonant,
each dipole would reradiate signals which excite it., However, multi-path transmission from the various
dipales in the common volume illuminated by the transmitting and receiving antennae, and Doppler shift
effects, would place limitations on the use of this technique.

In general, passive satellites are less effective than active ones, because the overall
transmission ‘loss on the earth-satellite—earth path is appreci=bly greater than for active satellites.

In view of the high-powered earth st=tion transmitters and limited overall transmission
bandwidths characteristic of passive systems, attention now is being concantrated on active satellites
for high-capacity systems.

Atfitude stabilized sateilites

An attitude stabilized satellite is designed to maintain one or more of its ~xes in 2
specified direction or directions, e.g. towards the centre of the earth or towards a fixed position in
space., The simplest form of attitude stabilization is spin stabilization of the rot-tional axis.

Spin stabilization may be passive {as in TELSTAR) or active {as in SYNCOM). In the latter case, pulsed
gas jets can Be used to correct both the spin axis znd perturbations of the orbit. With active spin
stabilizaticn, a phased antenna array can produce an earth-directed antenna beam.

- Three=axis stabilization of a non-spinning satellite permits directing conventional antennae
toward the earth, and orienting solar coll panels toward the sun. Earth-directed satellite antennae
provide gain which helps overcome the greater path loss associated with higher orbits. Without sat-
ellite antenna gain, more powerful transmitters and larger launching vehicles would be needed.

The development of techniques and equipment to provide attitude stabilizatisn systems of
fong life and high reliability present major problems. These problems may be somewhat reduced by use

of circular equatorial orbits, due to the smaller perturbations experienced in such orbits.

Satellites which arc not attitude controlled or which are spin stabilized are less complex,

- hence offering the advantages of simplicity in design and operation, 2nd the probability of longer

3.3

useful 1ife in orbit.

Random and station-keeping satellites

Proposals have been made for the use of satellites randomly distributed in 2 variety of
orbits. Random satellites may be either active or passive, and could be attitude-controlled,

A station-keeping satellite is one the position of which, relative either to other satell-
ttes in the same system or to a point on earth, is mrintained within given limits. Such satellites
could be, and in gencral would be, attitude stablized. '
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The advantages of random satellites as compared with station~keeping satellites would be
greater simplicity of design and operation, and the probability of a longer useful life in orbit.
On the other hand, faiier station keeping satellites would be needed to provide a given quality of
comnunication service, and simplify system operation.

Possible types of communication-satellite system

Random satellite systems

Broad band telecommunication by means of satellites similar to those which might be used-
in a random satellite system has now been successfully demonstrated and extensively:-tested. The ex-
tension from this stage to a world-wide operational system would not require the use of any basic new
techniques or principles, This type of satellite system offers the means to proceed with an oper-
ational system at the earliest possible date. .

An appreciable number of satellites, each carrying one or more brdad-band microwave re~
peaters, are needed to provide high contindity, world-wide service. However, useful.service can be
started with a small number of satellites, with the service being extended when needed by the ad-
dition of more satellites. Because of their simplicity, the individual satellites would be the

" cheapest of the various types and it is 1ikely that three or more could be launched with a single

rocket of current type,

For example, with some 12 to 18 such satellites in orbit at heights of about 11,000 km,
a substantial amount of telecommunication service would be possible. In fact, service would be
available for 95 to 999 of the time between North fimsrica and Europe. With expansion to 48 random
sate]Mtes; e.g., 24 in a polar orbit and 24 in a nearly equatorial orhit, service would be available
over 997 of the time over most of the major communication routes of the worid,

The above mentioned possibilities could he achieved from existing launching sites. It may
be noted that a random satellite system which includes polar orbits is the only one of the systems
commonly praposed which is capable of complete world-wide area coverage. In a random sitellite sys~
tem the statistical distribution of satellite positions is such that the failure of one, or a few,

+ - diminishes the reliability of service anly a little,

The wide-band repeates tested in random satellites are copable of carrying one broad-~band
telocommunication channel or a numbér of narrower-band chadnels. This makes it possible to serve
hoth Targe and small earth stations, or groups of stations, as desired.

The earth station antcnnae for a random satellite system must he able to follow the sat-
ellite across the sky, but experience has shoun this to be easier than originally anticipated. Future
stations conbe-simpler than today's experimental stations, Coordinationibetween earth stations is
required but, fortunately, the positions of satellites can be predicted in advance for extended
periods. Information on satellite positions 2nd their assignment to particular communication paths
can be determined and. shared among the earth stations well ‘ahead of time.
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The time delay introduced into communication links routod via random satellite systoms at
{ntermediate altitudes will be substantially less than that of a statiena.y satellite 3nd in some
cases would be less than in a sub-synchronous satellite system.

Sub-Synchronous satellite systems

Sub=synchronous satellite systems would use §tati n-keeping satellitas with orbital periods
corresponding to an integral fraction of 24 hours, edg., 6, 8 or 12 hours. Such systems enable anti-~
podal distances to be spanned with maximum one-way transmission delays of some 300 milliseconds. In
the sub-synchronous system appreciably fewer satellites would be required for continuous service than
would be needed for a random satellite system.

As an example, it may be noted that, using the 8-hour sub-synchronous equatorial orbit, 10
to 12 satellites could provide continuous coverige around the world between the latitudes 60°N and
6C°S. If the orbital period is exactly 8 hours, each satellite would be visible to a given earth
station twice per day at the same local ‘times each day. The world-w1de coverage of such a system could
be divided into seven overlapplng zones, each spanning about 70° of longitude and up to 4.5 hours of
local time. Al stations in a given zone could use the same satellite at the same time, the period of
use, one hour, of that satellite being denoted by an Mactive arc" for that zone. All the stations in
a glven zons wou]d be in single~hop communication with each other, and most intercontinental connections
could be established vta not more than two satellite links joined in tandem via an interconnection

iearth station,

1t is to be noted that the zoning principle would also be useful for television relaying,
since each zone of some 4.5 hours time difference corresponds approximately to a convenient maximum
difference of timé which could normally be accommodated by "live" television hPoadcasts’. Each zone
could, if desired, transmit different television programmes; on the other hand, world-wide television
}inks could be established via interconnection earth stations,

A useful feature 6f such a system is that it would offer 2 measure of redundancy, although
less than in a random system, which could be utilized if necessary, to provide partial but immediate
compensation for the failure of one or more satellites. As a faulty satellite passes over each zone,
many of the circults within that zone could continue to operate by using adjacent satellites while they
are traversing thosc parts of the orbit not normally regarded as active,

The choice of an orbital period of an integral fraction, e.g. one third of 24 hours, would
be operationally convenient for the following reasons:

- when partial coverage is acceptable, e.g. in the initial stages of setting up a systenm,
such partial coverage would be ayailable at fixed times of the day;

- additional satellites could be’injected into a fully equipped system to cover péék traffic
periods over specific areas of the world, e.g. over the Trons-Atlantic path;
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- breaks in transmission due to the failure of 2 satellite woull occur at the same time each
day, thus facilitating the re-scheduling of traffic;

- the useful periods for each satellite and pair of co-operating stations would occur at the
same time each day, thus facilitating regular hour-by-hour automatic switching from sat-
ellite ts satellite.

The use’of an orbit in the equatorial plane would facilitate satellite tracking, since the
various satellites, when viewed fram a given earth station, should follow identical tracks. Since ths
range of azimuthal and elevation 2ngles to be covered from a given earth station is limited, steorable
antenna design is facilitated and terrain screening can be employed in varying degrzes to minimize
interference to and from terrestrial radio services.

The twelve satellites in such a system could use the same frequency assignments.

It is estimated un the basis of postal data for 1958, th-t, in a world-wide satellite
system using the sub-sychronous 8-hour orbit, less than 18% of telephone connectiuns would involve
transmission delays of more than 250 ms and only 3% would involve mean delays exceading 360 ms

(see Report 214).

Stationary satellite systems

From a stationary satellite the earth subtends an angle of approximately 173 degrees, which
corresponds to a maximum great-circle earth distance of approximately 17,000 km, assuming a mimimum
elevation of 50 for the earth station antenna. Thc corresponding area of the earth, from which a
stationary satellite would be visible at 2n antenna elevation of 50 or more, is approximately a third"
of the earth's total area. A1l earth stations within this area could use this satellite continuously,
without periodic hand-over from o settirg satellitc to a rising one, as will be required fir satellites
in any non-synchronous orbit, Moreover, carth st~tisns could use fixed directive antennae, having
very limited beam-steerability. Such antennae can he simpler and less expensive than the multiple in-
stallations of steerablc antennac which are needed with all other satellite systems.

The distance from a stationary satellite to its farthest earth stations will be about
42,000 km, requiring about 140 ms for propagation between such a statisn and the satellite. Thus,
allowing for additi.nal delay in associated terrestrial communicatiin circuits, telephone conversations
viza a stationary satellite may have rouni trip delays of ~hout 0.Gs.

To the extent that the satellite is stationary, this delay time is constant and Doppler
frequency shifts would be negligible. The sm21l amount of Doppler shift should facilitate the use
of SSB modulation systems which, in turn, can facilit-te flexibility of interconnection between
parth stations.

The stationary satellite also is unique in that the first such satellite can provide
essentially uninterrupted service to earth statisns located within a third of the earth's are-~.
The first such satellite might be placed at longitude 50°% over the delta of the Amazon River, from
where it could be used from all of South America, most of North America ~nd “estern Europe, 1 large
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part of Africa and even from parts of Greenland and fntarctica. A second such satellite might later
he placed over the Indian Ocean, thus covering all of Europe and Africa, nlus much of Asia, Add=
itional satellites probably would be added to the stationary orbit, as needed, until they girdled the
earth. Thus, in time, most earth stations could have access to two or more satellites, for long
easterly or westerly routes. For example, with only two satellites at the loc- tions mentioned zbove,
stations in Europe and Yestern Africa would have access to both and would have one~hop coverage of
about two-thirds of the earth.

To maintain a stationary satellite in a fairly precise position and to meintzin its attitude
such that the antennae are always pointing towards the earth requires additional complexity over a
random unstabilized satellite which could reduce reliability. Also, launch vehicles having greater
thrust and more accurate guidance systems are required for orbitsl injection than are necessary for
low or intermediate altitude random orbit systems. The extent of the problems, and the effort re-
quired to solve them, can only be determined as further experimentation is carried out.

4.4 Integrated satellite systems

Since the development of satellite systems will be an evolutionary process, it is likely
that more than onc system or type of system, will be used oper:itionally in the world communication
network, the earlier systems being of relatively simple design, and the later ones of greater com-
plexity, providing increased satellite capacity and larger numbers of carth stations to accommodate
expanding traffic requirements. Furthermore, transmission considerations, and in particular the
problem of transmission delay, may indicate a need for both intermediate~altitude and stationary
satellite systems, . : '

It is convenient to use the term "sub-systems" to describe the individual elements forming
part of -an integrated communication-satellite system. For example, a stationary satellite system might
form one such sub=system, and an intermediate-altitude system 2 second sub-system.

It is considered desirable, for the following reasons; that the various sub-systems be de-
velopad and established on a planned and integrated basis:

- to avoid mutual interference between the sub-systems;
- to ;chieve-the maximum practicable degree of technical compatabilify between sub-systems ;
- to ensure interconnectability, both between the sub-systems and with terrestrial trans-

mission systems

- to enable the capacities of satellites and earth stations to he increased as the traffic
expands, with a minimum of additional equipment at earth stations;

- to avoid, as far as possible, obsolescence of earth station equipment and satellites.
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‘ vThé avoidance of mutual interferenbe.between sub-systems will require a suitable choice of
radio~frequency channel assignments on an internationally aireed basis. It may also necessitate a
selection of orbit configurations to minimiye satellite eclipsing Jifficulties.

A degree of technical comp:tsbility between sub-systems would help to minimise the amount
of equipment of different designs required at carth stotions and avoi | equipment obsolescence. For
exanple, stesrable antennae provided to accommodate random satellites or the limited range of azimuthal
and elevation angles needed for an intermediate-altitude equatorizl orhit satellite system could also
be used for a stationary satellite system. In another example, satellites in different sub-systems
might use similar modulation characteristics so that earth station tronsmitting ani receiving equip-

ments would be interchangeable.

The interconnection of communic-tion satellite sub-systems with one another, and with
terrestrial transmission systems, will bé facilitzted by compatible standsrds of transmission per-
formance and of baseband characteristics, e.g. of the video bendwidth for television and the multi-
plexing arrangements far multi=channe! telephony and telegraphy.

. Attention will also be needed to the problem of accommodating traffic growth end providing
for increased numbers of earth stations, without invelving obsolesence either of carth stetion equip-
ment or of satellites. In this connection thers would be advantages inm réplacing satellites which
have failed by satellites of increased copacity, but of compatible design, in the same orbits.

Communi cation-satellite systems in the international telecommunication network

General Considerations

The expansion of the international telecommunication network on a world-wide basis is pre-
ceeding at a rapid pace. Terrestrial-type plant will provide for this expansion during the next few
years at present rates of growth, It is envisaged, however, that a sharp increase in these rates of
growth is probable, particularly with improved service and automatic operation of the telephone and
telegraph circuits. The large blacks of international circuits, which will be required, could be
supplied by a communication-satellite system or systems. These will supplement the facilities already
available between major traffic centres. In addition to the requirement for large groups of trunks
between major traffic centres, it is envisaged that communication-satellite systems will provide
access te remote points in the world having relatively low traffic density. Such facilities, it is
hoped, will thus supplement the present HF radio network facilities and give a significant improve-
ment in the quality of service. '

The C.C.1.T.T. will consider, at its next Plenary Assembly at Moscow in 1964, plans which
have been developed for a world-wide telephone network employing semi-automatic and automatic type
operation. This involves a numbering plan, a routing plan and a transmission.plan for such world-
wide service. The international circuits required for the plan will join togéther the natiohal net-
works throughout the world in a global telecommunications network. Communication-satellite.systems
could be an important contributor to these facilities, particularly for the very long international
circuits between continents. At the same time the C.C.I.T.T. plan will set up‘requiremenfs'and limits
which should be met by the communication-satellite facilities for the world-wide service.
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It is possible that the unique features of communication-satellite systems may suggest
alternative arrangements of the world plan. As presently envisaged by the C.C.t.T.T. this is a
hierarchy of world switching centres through which traffic is routed to its destination. Communication-
satellite systems could provide direct access to widely separated points throughout the world, poss-
ibly by=-passing many of these switching psints, However, it is too early to estimate the significance
of such: factors in the world routing plan, but they clearly will require study.

The estimates of the international traffic and its routing, requested by the C.C.!.R. from
the C.Cot.T.To/CuLot Re Plan Committee, will provide a basis for communication-sateilite system planning,

5.2 Parformance of satellite systems

A large background of experience in telecommunications has been built up throughout the
world, based on terrestrial systems. This experience has been brought together and made available
through the constituent organs of the [.T.U. Circuits derived from communication-satellite systems
should conform to these recommendations so that they can be used in international connections on a
world-wide scale.

While variocus types of circuits derived from terrestrial systems differ considerzbly in

their characteristics, a fact which is recognized and accepted, the circuits derived from communication-
satellite systems will have some unique characteristics. These arise primarily from the great dis-
tances traversed by the signals in going from earth to satellite and back to earth. The time delay
involved in tronsmission via satellites is very large, compared to terrestrial systems, ond intfo-

duces new and significant problems (see Report 214}, "It is important to note that the problem does

not arise to any significant extent with one-uay transmission systems such as are involved in point-
to-point telegraph, and facsimile services. Performance characteristics of satellite circuits with
respect to noise, transmission loss and stability are similar to terrestrial circuits and do not pre-

~ sent unusual problems.

563

Routing and multiple access

o The world'routing plan of the C.Cel.T,T. for telephony proposes a hierarchy of international
switching points through which traffic is routed to its destination., These international traffic

centres (CT) are of three grades designated CT1, CT2, and CT3 respectively. The highest ranking centres

(CT1) are completely interconfected by direct international circuits. Since the number of CT1 centres

will be small (possibly 8-10), the circuits inter-connecting them will be very long intercontinental
facilities. Each CT1 will serve a region and will be connected to lower ranking CT2 centres. Since
each CT1 region will be of continental proportions the circuits from CT2 to CT) may be very long cir-
cuits also.

Communication-satellite systems will provide circuits of the length and in the quantity re-
quired for the interconnection of major traffic centres such as CTi!'s. It would also be expected that
they could provide many of the CT2 to CT1 circuits.. In addition to these basic circuits, the routing
plan would include and encourage the provision of direct circuits between any two points having sufficient
traffic volume. These latter circuits would by-pass some switching points and thus provide better
service. Such direct circuits could also be provided. by communication-satellite systems.
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The praposals which have heen made for communication-satellite systems having multiple
access and interconnectibility offer a very effective means of obtaining eircuits of the types in~
dicated above. Such systems make it easier to justify direct circuits between points of low traffic
density with consequent improvement in service. However, it is important 'to note that'the inter-

‘connectibility referred to simply provides direct point- to-po1nt circuits, as requlred in a more

economical manner. Communication-satellites are unlikely to provide for some time to come the com~

plex functions usually associated with a telephone switching apparatus such as a major traffic centre

{(CT) would have.

Future developments

Present state of development

Since 1938 the technology of communicotion-satellites has heen explored with projects in-
volving active satellite systems such as SCORE, COURIER, TELSTAR and RELAY and those involving passive
systems such as Echo | and Yestford: In addition, a considerable amount of effort has been devoted

to studies, space research projects, and equipment development programmes which have contributed to
the advancement of communlcatlon—sqte lite technology. Since satellite communications are, in effect,

another form of the broad area of communications, much of the technological advencement ach1eved by
work in such areas as line-of-sight radio-relay and tropospheric scatter can be applied.

In general, the following significant technical achievements have been demonstrated, either
urder actual environmental conditions or under simulated laboratory conditions:

- the abi1ity-to launch-and inject useful payload weights into precise circular or elliptical
inclined orbits;

- the ability to pass useful information bandwidths through communication-satellites, in-
cluding telephony, telegraphy, wideband data and television;

- the ability to design and build long-life, reliable components capable of withstanding the
Taunch and orbital environment, including light-weight high-efficiency radio frequency power
amplifiers in the frequency range up to 10 Ge/s and having a power output up to about 10 W;

- the ability to design and build Targe highly accurate antenna structures capable of oper-
ation up to 10 Ge/s, and having the ability to automatically track satellites with high
precision;

- the ability to design and build receivers hav1ng very low inherent noise in the frequency
range up to 10 Ge/s and beyond,



~ 104 -

642 Additiona] information required

While past work has adv-nced the technology to the point where the feasibility of satellite

communication systems has been demonstfated, considerable work remains to be done to assure the develop-
ment of an economic operational system, including:

-

to obtain information on the location, type and strength of damaging radi:ation and its var-
jation with time;

to further increase the 1ife expectancy of satellites through circuit design techniques,
mechanical design improvements and component improvements;

to achieve reliable control and stabilization of attitude;
to achieve reliable positional control in orhit;

to develop accurate and reliable methods of launching multiple satellites with a single
launch vehicle;

to develop reliable methods of placing heavy pay-loads into precise, high equatorial orbits;

to obtain information on the significance of time delay due to long transmission paths, and
appropriate corrective measures for echo;

:to déVeiop methods df controlling the flow of information and the use of facilities,

particularly in systems providing multi-station access and interconnectability.

Obher deve]opmentsthicH would contribute to improvement of operétional communication

sateflite systems include:

ion engines for better attitﬁdé-.ahd statién-keeping, and possfbly, injection into orbit;
nuclear power supplies;

electronically steerable antenﬁae;

radio frequency power amplifier improvement;

inter-satellite reTaying.

6.3 General time scale

Much information on the above problems will he obtained during the course of experiments

planned or being carried out at the present time. For example, the SYNCOM programme will explore
means of placing pay~loads into synchronous equatorial orbits and will utilize spin stabilization of
the satellite while obtaining the advantages of a directive antenna. Additionally, a number of
scientific satellites will be launched during the next two years to investigate the radiation problem.
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Generally speaking, it is probable that developmental launchss, as distinguished from
experimental launches, designed to lead to an cperational satellite communication system of the
random type or spin stabilized stationary type will not begin until 1965. Developmental launches
leading to fully stabilized stationary or-suitably phased sub-synchronsus operational satellite
communication systems will probably not begin hefore 1967, At the present stage of development,
any estimate of time scale is highly dependent on such variahles as technological break-throughs
and unforeseen development problenms.,
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REPORT 207*

ACT IVE COMMUNICAT |ON SATELLITE EXPERIMENTS

Preliminary results of tests and demonstrations

(Question 235 (IV))

(Geneva, 1963)

introduction

The active satellite TELSTAR, designed and constructed by the Bell Telephone Laboratories,
was successfully launched by the United States National Aeronautics and Space Administration (N.ALS.ALY,
on 10 July, 1962. Three earth statjons, situated respectively at Andover (U.S.A.), Goonhilly Downs
(United Kingdom), and Pleumeur Bedou (France), took part in the first transmission tests via this
satellite and the station at Fucino (Italy) took part later.

Subsequently, N.A.S.A.'s active satellite RELAY, built for them by R.C.A., was put into
orbit on 13 December, 1962, when a further successful series of tests was made in which the stations
at Nutley (U.S.A.) and Rin de Janeiro (Brazil) tcok part, in additicn to the four already mentioned.

Although the results described in this Report were obtained with TELSTAR, similar results
were obtained with RELAY, commencing at the beginning of 1963, but they are not included in this
Report.

Other projects, such as SYNCOM, are expected to be carried out in the near future.

The TELSTAR satellite, its orbit, and the cboperatigg earth stations

The TELSTAR satellite

The TELSTAR satellite was launched into an elliptical orbit with a perigee of 950 km and an
apogee of 5700 km, the orbital plane making an angle of about 45% with the equatorial plane. The
orbit obtained is very close to the one planned.

Spherical in shape, and weighing about 80 kg, the satellite receives frequency modulated
signals on about 4000 Mc/s and, after amplification and frequency-change, retransmits them at about
6000 Mc/s with a power of about 2 watts. The antennae are omnidirestional around the spin axis,
with nulls in the radiation pattern along the axis. Two beacons, operating at 136 and 4080 Mc/s, are
used to acquire and track the satellite. The power supply is provided by solar cells which cover the
outer walls of the satellite. In addition to the teleccmmunication tests, it has also been possible
to make measurements of a scientific nature concerning the space enviroment,

The Andover and Pleumeur Bodou earth statjons

Each of these stations has a steerable horn antenna weighing about 350 tons with a circular
aperture 20 m in diameter, protected by a weatherprocf radome 65 m in diameter. The antenna has par-
ticularly tow noise characteristics and a very narrow beam. Each station is equipped for acquisition

* This Report, which was adopted unanimously has been brought to the attention of the Extraordinary

Administrative Radio Cenference, Geneva, 1963.
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tracking on 136 Mc/s- and precision tracking on 4080 Mc/s. .Thé-antenna can be directéd from separate
tracking.antennae, from. computed predictions of sateliite pjth ‘by-automstic tracking, or by o

“combination of these methods,

Gbonhil]y earth station

The Goonnilly antenna consists of a stesrable parabolic reflector with a diameter of 25 m,
the moving part weighing about 870 tons., The source of illumination is situated in the plane of the
aperture dnd 1t is so designed as to ensure both good directivity and good protection agafnst noise

- The heavy, robust structure of the antenna has made ‘it pesslble to.dispense with a radome , but it

nevertheless can operate under. winds. of up to 100. km an hour. The steering of the antenna is pro-
grammed from perforated tape, fine correction of the beam direction being produced by novement of the
feed near the focus using the 4080 Mc/s beacon signale

Summary ot the results obtained

Propagation and noise

The strength of the signal received is close to the calcilated values, From the time of
vaUISItlon and untll an angle of elev;t1on of about 3° is reached the signal power fluctuates con~
siderably;.. for angl es of elevation. above about 5° operation is very satisfactory and stable,

According to the measurements made at Pleumeur Bodou, the equivalent temperature of the
system, measured at the zenith before and after each passage of the satellite 1§, on average, J4K.
In 90% of cases, it ddes not exceed 40°K and in 99% of cases it is less than 80%K.. -In good weather
the noise temperature, for an elevation of 30, is 245 db above the temperature. at the zenith, Measure-
ments at Andover have shown similar results,

Orbital prediction and tracking

The accuracy of the data supplied by the N.A.S.A. to the various stations has steadily
improved since the launching of the satellite and is now a few minutes of arc; it is thus possible to
programme the steering of an antenna with a beam aperture of 10 mlnutes of arc.. The auto-tracking

;systems of’ the Andover and Pleumer Baudou antennae have a steering accuracy of the order of one minute

of arce.

Modulation method

The tests 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,

Transmission tests

Joh,1 Teleghomz tests ‘

. High~capacity telephony tests were made by loading the system with noise equivalent to 600
chamnels; in this way it was p0331ble to measure .the therma] “and 1ntermodulat10n noi.se of the
system. The measurements showed that the. performance of the system was very satisfactory and
revealed the advantages of pre~emphasis.
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Thermal and intermodulation noise tests were also made on a )2-channel two-way basis.
These tests were also satisfactory and many subjective demonstpations have been carried out,

In addition, operation with a greatly simplified earth station with a small antenna,
providing a single telephone channel, has been demonstrated.

Jhe Television tests

The television transmission tests provided spectacular demonstrations. Shortly after the
satellite went into orbit, television pictures were transmitted and shown on the netiorks of the
various countries taking part in the tests. MNumerous technical tests were then made, giving
proof of the excellent transmission performance of the circuit for television test signals.

Colour television tests with the N.T.S.C. system were made from Goonhilly and Andover, these
also gave satisfactory results,

3ok o3 Telegraphy and data transmission

Tests-have been made with many different low speed and high speed telegraph and data siunals.
Here again, the transmissions wefe successful. As an example, only one error occurred in a data
transnission at great speed (875,000 bits/second) lasting 20 minutes (i.e. 10% bits ).

KR Phototelegraphy tests

Phototelegraph transmissions were successfully made and a study was carried out of the
- effect of variations in group delay.

3.5 Scientific experiments

Apart from its strictly telecommunication results, TELSTAR has provided much scientific
-data, such as : '

"~ measurement of proton and electron fluxes of various energies; these measurements gave
detailed information on the structure of the inner Van Allen belt and its variation with

time ;

- measurement of the effect of radiation on solar calls, diodes and transistors of various
types protected by shielding of different thicknesses.

4, General conclusions

Tests with the experimental active communication satellite TELSTAR have shown that it is
capable of transmitting the wide range of types of signal that are in common use and that the
performance in all cases approaches the appropriate international standards.:

‘ The tests have also shoun the possibility of accurately predicting the poéition of a
satellite and of satisfactory tracking with very large antennae. At the experimental stations, this
has been possible as soon as the satellite elevation is more than about SO'abgve the' horizon.
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Although evidence as to the life of the §ateilite is necessarily incomplete, the deterioration
of the satellite power supply due to radiation damsge has remained within limits sugiesting a life of
tuo years or more.

More recent experiments with the satelTite RELAY have confirmed the above conclusions. They
have also made it possible to extend the scope of the tests to a larger number of earth stations, to a
new frequency band (2000 Me/s) and fo demonstrate further the feasibility of medium-capacity earth
stations, using smaller antennze (some 10 m in diameter) and relatively Jow-cost earth station equipment.
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PEPORT 208*

ACTIVE COMMUNICATION-SATELLITE SYSTEMS FOR
FREQUENCY-DIVISION MULTIPLEX TELEPHONY AND MONOCHROME TELEVIS{ON

Form of the basic hypothetical reference circuit and

allowable noise standards; video bandwidth

and sound channel for television

(Question 235 (1V))

(Geneva, 1963)

form of the basic hypothetical reference circuit

As an aid to the desiiners of active communication-satellite systems it is desirable to
establish basic hypothetical reference circuits and the allowable noise powers for frequency~division
nultiplex telephony and monochrome television,

It has been found possible to recommend a common basic hypothetical reference circuit for
both frequency division multiplex telephony and monochrome television, based on a single satellite
link (earth station - satellite - earth station) {see Recommendztion 352). In arriving at this Re-
commendation, the following factors have been tsken into account.

Active communication-satellite systems for intercontinental connections are likely to use
orbital heights in the range from about 8000 to 36000 km, including the stationary-satellite system
at an orbital height of 36000 km. In these circumstances, the majority of intercontinental connections,
both for telephony and television, could be made by a single satellite link, since it would be capable
of spanning great-circle distances of up 1o at least 7500 km. However a global satellite system will
need to span great-circle distances of up to at least 25000 km for a proportion of intercontinental
telephone connections, and for some television connections. Since the stationary satellite system is
linited to a maximum great-circle distance of about 17000 km, it may be desirable for telephony to
extend such a satellite link by terrestrial links to sp-n the longer distances. With lower orbital
heights, e.g. in the range 8000 to 15000 km, tuo, or in some cases three, satellitc links in tanden
may be needed to span great-circle distances up to 25000 km. It is to be noted that considerations of
transmission delay in telephony may require the selection of orhital heights and number of satellite
links, to reduce the delay to v-~lues acceptable to the users of long~distance connections.

* This Report, which was adopted unanimously, has been brought to the attention of the Extraordinary
Administrative R-4ic Conference, Geneva, 1963.
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For television, the transmission delay is not significant and transmission via two satellite

_ links in tanden at stationary or intermediate orbital he1ght would be posslble and necessary for the

2.1

longer distances up to 25000 km.

Allowable noise standards

General considerations

ft is clearly essential that the allowable noise standaris for active communic~tion-satellite
systems should be commensurate with those adopted for other long-distance transmission systems; in this
connection the general principles established by the joint C.C.l.T.T./C.C.1.R. Special Study Group C
on circuit noise for telephony, and the C.M.T.T. for long-distance television transmission are partic-
ularly relevant.

However, there are certain characteristics of satellite communication systems which should
be. mentioned. '

The radio p~th length (earth to satellite to earth) between iny tuwo earth stations will de-
pend on the satellite orbit employed, and may vary with time. However, in any specific communication-
satellite system, the variation of the path loss between satellite and carth stotion will not exceed
a feuw dQCIbe]S irrespective of the great-circle distances between co-operating earth stations or

“the position of tha satellite in its orbit within the range of mutuzl visibility to the sarth stations.

{t may therefore be concluded, that the noise performance will not vary by more th-n a few decibels
with the distance between the earth stations.

The limited experience thus far available sugoests that there is comparatively little signal
fading on communication satellite links for wave directions exceeding a few degrees in elevation and
for radio frequencies up to at least 6 Gc/s. However, rain, cloud, snow and sleet may at times, cause
the noise level to increase by several decibels, the increase being greater for frequencies above
about 6 Ge/s. Thus, the noise level at the output of a satellite link will be stable and low most of

_the time, with increases 5f a few decibels for a small percentage of time, subject to a seasonal var-

fation. Detailed and comprehensive experimental data of noise performance are not yet available; for
this reason the allowable noise for small percentsges of time must be regarded as provisional until
such data have been obtained. Furthermore the noise levels exceeded for very small percentages of
time (e.g. less than 0.2% of the time) cannot be stated and require further study.

2.2 Allowable noise in the basic hypothetical reference circuit: frequency-division multiplex telephony

. The following points, in addition to the general considerations mentioned above, have been
taken into account when preparing Recommendation 353:

2.261 The maximum value of 10000 pW (psophometrically weighted ) for the mean noise in any hour in
any telephone circuit of the basic hypothetical reference cirguit would correspond to 1,3 pli/km
on a 7500 km great-circle distance or 0,65 pW/km on a 15000 km great-c1rcle distance and would
thus compare favourably with other long-distance transmission media;
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2242 the value of 80000 p¥ (psiphometrically weighted ) for the one minute-mean value, exceeded
for less than 0.2% of any month, in any telephone circuit in the basic hypothetical reference
circuit, is based on Recommendation 287 for line-of-sight radio relay systems and allows for the
seasonal variation of noise: however, this value must be regarded as provisional until additional
experimental data is available; :

2,243 with tuo satellite links in tandem, such as may be required for spanning great-circle
distances up to about 25000 km, the mean noise in any hour would be 20000 pV and the value of
80000 pW would be exceeded for less than 2 x 0.2% = 0.4% of a month,

2.3 Allowable noise in the basic hypothetical reference circuit: monochrome television

Recommendation 421 indicates that, for a 2500 km hypothetical reference circuit corresponding
to an international television circuit used for the transmission of 625-1ine television signals in a
5 ¥c/s video bandwidth, the signal-to-weighted noise ratio should exceed 52 db for all except 1% of the
time, the signal being the peak-to-peak value {excluding synchronizing pulses), and the noise being
the weighted r.m.s. value measured on an instrument with an effective time constant in terms of power
of one second.

For the basic liypothetic+1 reference circuit for active communication~-satellite systems,
(see Recommendation 352}, comprising a single satellite link, it is recommended that, for 625-line
signals with a 5 Me/s video baniwidth, an overall signal-to-weighted noise ratio of 55 db be adopted
(see Recommendation 354). The weighting factors for uniform and triangular spectrum r-ndom noise are
given in Recommendation 421 for various television systems.

Yith two satellite links in tandom, the signal-to-weighted noise ratio would then bo 52 db.

Video bandwidth in the basic hypothetical refercnte circuit

The following points have been taken into account in preparing a Recommendztion on the nominal
ypper limit of the video frequency band in an active communication-satellite system for television:

~  the video bandwidth should be adequate for acceptable transmwssxon of television signals up to
and including 625- line standards'

-  the need, for econonic reasons, to provide a v1deo bqnduldth no wider then is strlct)y
necessary,

-~ the desirability that the width of the baseband for television should be compatible with that
for high capacity frequency-division multiplex telephony.

Taking these factors into account it is recommended that the nominal upper limit of the video
band in the basin hypothetical reference circuit for monochrome television be 5 Mc/s. However, in view
of the desirability of providing for the future transmission of colour television signals with a chrom-
inance sub-carrier of about 4,43 Mc/s, it is suggested that the designers of satellite communication
systems be-r in mind the possible need for a video bandwidth stightly wider than § Mc/s, e.9. of 5.5
or even 6 Hc/s, should this be economically practicable.
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Simultaneous transmission of a sound channel and a television picture

To avoid excessive differences in transmission delay between a television picture signal and
the corresponding sound signal, there will often be advantages in transmitting both over the same sat-
ellite link. In this event; o wider basebind may be neeéded, to accommodate the sound signal (e.g. on
a separate sub-carrier in the baseband). Alternatively, the sound signal might he transmitted by time-
division multiplex with the video signal e.g. using the synchronizing pulses or the blanking intervals
without the need for - wider basebund. However, occasion may arise wherc the sound may be transmitted
by some other means, e.g. by submarinc cable, asland-line circuit or by ansther satellite or radio
channel, and undesirable differences betueen souni and picture could arisc. The attention of the
C.M. T T is draun to the problem, so that suitable values of the relative transmission delay for sound
and picture may be established (ses Question 270 (C.M.T.T.)).
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REPORT 209*

COMMUNICATION-SATELLITE SYSTEMS
FREQUENCY SHARING BETWEEN COMMUNICATION-SATELLITE
SYSTEMS AMD TERRESTRIAL SERVICES
(Question'235 {W))

(Geneva, 1963)

Introduction

It would appear that communication-satellits systems may well require a very large amount of
spectrum space to meet future traffic requirements. However, that port of the radio frequency spectrum
between about 1 and 10 Gc/s technically most suitable for such systems is already widely used for ter-
restrial services. It follows that the problem of finding sufficient spectrum space for communication-
satellite systems would be greatly facilitated if it were possible to share frequency bands with other
compatible services. Such sharing would have to be based on mutually acceptable standards of protection
against interference with some allowance for future developments in the services concerned.

The four basic criteria (a,b,c, and d, see Fig. 1) which determine the technical feasibility
of sharing frequencies between communication-satellite systems (both active and passive) and terrestrial

systems are as follows:

(a) at a terrestrial receiver, the sijnals from the satellitez must not cause harmful interferance
to the terrestrial service;

{b) at a terrestrial receiver, the signals from satellites earth stations must not cause harmful
interference to the terrestrial service;

(c) at a satellite system earth station, signals from terrestrial stations must not cause harmful
interference to the reception of signals from satellites;

(4) at a satellite receiver, signals from terrestrial stations must not cause harmful interference
to the reception of signals from satellite system earth stations.

This Report discusses the principles upon which such frequency sharing could be based.

Principles upon which freguency sharing could be based

Use of technically suitable bands on a compatible basis

Examination of the frequency spectrum reveals that, considering the present state of the art,
the most suitable frequencies for first generation communications-satellite systems 1ié between about |
and 10 Ge/s. The use of frequencies above 10 Ge/s is not prectuded for future systasms, but will depend
upon further study.

* This Report, which was adopte! unanimously has been broujht to the attention of the Extraordinary
Administrative Radio Conference, feneva, 1963.
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Within the range 1. to 10 Ge/s the variation of transmission loss, atmospheric noise and ab~
sorption, cosmic and rain-noise,”and present techniques have lcd to suggestions. that frequencies be-
tween about 2 and 8 Gc/s may be.used for the satellite-to-earth pith in somc active systems. Since
greater transmitter power will be available at the earth terminal, the earth-to-satellite path could
be operated between about 1 and 10 Ge/s.

Since satellites will be visible over large portions of the carth's surface, the frequencies
chosen for the communication-satellite service must be availahle for sharing on a2 world-wide basis.

Basis of compatibility

The most suitable frequencies for sharing in the r-nge 1 to 10 Gc/s are those now employed
by line-of-sight radio-relay systems in the fixed service. As relatively low ratiated power is em~
ployed with highly directive antcnnae in such systems, the probability of interference hetween the
services will be at a minimum.. Consiierable control, as pointel out later, is possible in the siting
of stations for wither of“the sharing services so that interference between earth and terrestrial _
stations can be minimizeds Interference between satellite strtions and these terrestrial stations may
be mitigated by appropriate limitation of power levels in both services.

A determination of whether sharing is possible bstween two particular stations depends on
the following factors:

2.2.] the permissible interference, either in 2 telephon: or in telovision channcl, at the output
of the receiver subject to this interfercnce; ‘

2242 . the ratio of the powers of the wanted signal and the:unw:nted siQné}}»at the input to the
receiver, which will just result in the permissible interference»at'thé output of the receiver;

2,243 the power of the interfering transmitter:

2.2.4 the transmission less along the unwanted sign-1 propagation path, including effective antcnna

~gain, and basic.transmission less;

2,25 the power of the wanted transmitter:

2.2 the transmission loss along'ﬁhe wanted sign~1 propagation path, including effective antenna

243

~ gains, and basic. transmission loss,

Adequate spacing and prétection of earth and terrestrial stations

This section describes appropriate methods for siting earth and terrestrial stations so =s
to ensure: ;

=~ . that signals from the earth station will not cause harmful interferehcé’ia?&he terrestrizl
service;

- that signals from terrestrial station will not cause harmful interference to signals received
at the earth station from the satellite.
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These potential interfersnce situations are cases b and c, respectively, as shoun on Fig. 1
and it is evident from this fijqure that the propagation p-th for the unwanted signa1 will typically bé
a beyond-the-horizon path but may, in certzin situations, be a line-of-sight path. 0On the other hand,
the propavation paths for the wanted signals will always be lins-of-sight paths.

With the knowledge of the pertinent factors, it is possible to determine for a given set of
conditions the necessary minimum spacing between an earth station and terrestrial stations sharing the
same frequency band. In this respect it is useful to define a coordination distance "representing!
approximately the maximum range over which interference might occur, in order thot administrations
concerned with the estsblishment of earth stations and terrestrial st~tions within interference range
of one another may coordinate their planning of such stations. Recommendation 359 covers this aspect
and Annex | to this Report gives a mothod of calculating this coordination distance and anlillusirative
example, : = '

Limitation of comnunication-satellite and radio-relay system transmitter powers

The following discussion is concerned with the limit~tion of communication-satellite and
radio-relay system transmitter powers necessary to avoid mutual interference between systems oper-
ating in the range 1 ta 10 G¢/s and conforming to the relevant Recommendations,

2.4,1 Active satellite transmitter

The permissible satellite transmitter power should Ye hiah enough to give reasonable fracdox
to the designers of communication-satellite systems to meet the performance requirements =f such
systems, but must not be so high as to degrade significantly the performance of existing or future
line-of-sight radio-relay systems below that of Recommeniation 393, It can be shown th-t 2 pirustical
limit can be set which meets baoth of these requirements. '

However, a limitation expressed in terms of the s~tellite transmitter power would be’incon-
venient dus to the need to cover a range of ~1titudes and it is considered preferable to define ihe
permissible power-flux (in W/l ) profuced at the surface of the earth by a satellite. This weuld
allow the use of larger radiated powers in satellites in the higher orbits.

In the addition to the permissible power-flux, it is also desirable to define the permissible
power flux spectral density in U/m per 4 k¢/s in the normal bandwidth of a telephcne channel. The
object of this requirement is to prohibit the concentratisn of radisted energy into a small fre-
quency band which could cause excessive interference. A discussion of the rclation botween power
flux and interference caused by it in a radio-relay system is given in Annex !l and provisional
values for the permissible power-flux are given in Recommendation 358, ’

2.4.2 Radio-relay system transmitter

In considering interfercrice from ratio-relay transmitters to reception in communication
satellites in any shared bands, ths situation is the converse of that described in § 2.4.1. Thus,
it is nccessary to allow sufficient freedom to the designers to mest the performance requiremsnts
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-of these systems, On the other hand, the permissible powers transmitted by these systems of which
»th:rf)mayAbe very many, must-be not such as to inhibit the achievable performance of communication
satel)!tes,

A discussion of this problem is given in Annex 3 and provisional values for permissible power
and pernissible effective radiated power of radio-relay link transmitters is given in Recommend-

ation 406,

Use of carrier energy dispersal techdiques

4 substantial reduction of interferehce between satellite systems and radio-relay systems
sharing the same charinel can be obtained by carrier dispersal technigues. In a satellite system using
frequency modulation, a large propartion of the radiated poder may be concentrated at or near the radio
carrigr frequency under certain modulation conditions, .., uhen the loading by telephony signals is
light, or when a televicion picture with large areas of the same brightness is being transmitted.

Such'cohcenfﬁation of‘cérrier endrgy could for example, severly limit the permissible power
to be radiated by satellites. Accordingly, the application of carrier energy ‘dispersal technigues to

" communication-satellite systems using frequency modulation is proposed in Recommendation 358.

Use of Rf channel interleaving

_The problen of selecting suitablc sites for satellite system earth stations in relation to
tine-of-sight radio-relay system stations could be eased by the use of RF channel interleaving in the
two systems, thus reducing the distante separation betwesn such—stotions needed-to avoid mutual inter--
ference. The feasibility of this practice should be studied in each particular case and it would be
helpful in the frequency plans for communication-satellite systems could provide possibilities for such
interleaving taking account of the difficulties arising from the fact that frequency plans used by radio-
relay systems are not uniform in all regions of the world. An example of the advantage of such inter-
Jeaving is given in § 3.4 of fnmex.l.

2.7 Use of different Qolérizations

The possibilities of minimizing interference betucen satellite systems and radio-reldy systems
by use of different polarizations appears to be limited to a maximum improvement of about 3 db, in view
of the general need to use circular polarization in satellite communication systems.
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ANNEX |

DER IVATI04 OF NECESSARY SEPARAT IO DISTANCES BETHEEN
- COMUNICHTION-SATELLITE SYSTEH EARTH STATIONS AID
LUE-OF-S1GHT RADIO-RELAY STATIONS SWIRING THE SAYE_FREQUENCY BANDS

fntroduction

The following discussion is concerned with the siting of carth stations in relation to exist-
ing -and possible future radio-relay stations in order to avoid mutual interference.

‘Specific decisions as to ‘the 31t1ng of earth stations. uould need to be the sub]»ct of agree-
ment between the administrations concerned and affected. "This Annex outlines the tachnical procedures
involved in determining ’

{a) the coordination dlstance 1.e. that distance within which mutual consulta tlon may. be re-
quired;

{b) the necessary separation distance between a given sarth station and a given radio-relay
system station.

Indetermining the coordination and separation distances 1t cannot be necessarily assumed that
all radio=relay systems will.conform to the recommendations of the C.C.1.R. as regards their channelling
arrangements, Thus consideration is given here to the most unfavourable co~channel interference tase,

and also to the case of interleaved satellite and radio system channgls.

Coardination distance

_Recommendation.359‘0ut1ines_thg;procedure involved in determining.the coordination distanos
within which interference might occur,

_ The.data to be used .in-czlculating the coordination distance would include the known antenna
gain and directivity, transmitter power and receiver sensitivity of the earth ststion, and the maximum
antenna gains, transmitter powers and receiver sensitivities likely to be used by the radio-relay sta-
tions. The limits of permissible interference power set out in Recommendation 357, and the propagation
data derived from measurements over typical land and sea paths and given in Report 239 of Study Group
V, should be used.

Separation distance

Following the consultation procedure outlined above, it will be necessary to assess more
precisely the probability of interference to specific stations and thus to determine the final location

~of the earth station. A similar situation arisest in the provision of new radio~relay stations within

the coordination distance of an existing earth station. The technical procedure for calculating the
necessary separation distances between the stations concerned is discussed below.
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The data to be used in this calculation include the Tocation of the st-tion concerned, the
actual transmitter powers, antenna gains and radiation patterns, receiver sensitivities and operating
frequencies, of all the radio-relay stations within the coordination distance, as supplied by the ad-
ministrations concerned. Furthermore, it would be necessary to use tropospheric wave propagation data
obtained on, or predicted for, the actual paths, for example taking into account any natural screening
by hills. The percentage of time during which the carth station antenna would point in a given lir-
ection, and the modulation conditions of the communication-satellite system and of the terrestrial
radio-relay system, should be taken into account in making a statistical assessment of the interference
likely to occur in each systenm.

Permissible interference

The permissible interference to the hypothetical reference circuit of a radio-relay system
is given in Recommend~tion 357, It is necessary to recognise that more than one earth st-tion, say
two, may interfere within a radio-relay system of 2500 km, and that each earth stntion can interfere
with more than one radio-relay receiver, again two being tzken as an example

_ The permissible interference to the hypothotical reference circuit of a communicstion—
satellite system is given in Recommendation 356. Here again it is necessary to recognise that more

than one radio-relay transmitter might interfere with the earth station receiver.

Transfer characteristic

In a particular case of interference, the rotio of wanted to unwanted carriers at the input
of the receiver is related to the ratic of the wanted to unwanted signals at, the output of the rcceiver
by the transfer characteristic.

When both carriers are frequency modulated, the transfer characteristic depends on the width
of the baseband and the frequency deviation of both the interfering and interfered-with carriers, as
well as the frequency difference between them, and the baseband frequency at which the interference is
observed. Although baseband widths, frequency deviations and channelling arrangements have been set

“down in several C.C.I.R. recommendations for radio-relay systems, these factors have not yet been

agreed upon for communication-satellite systems.

For this reason it is possible to give only preliminary figures for the transfer character-
istics, based on the most unfavourable values that these factors can be reasonably expected to have.*

e

*

Specifically the assumptions are:

1200-channel satellite system with -n r.m.s, frequency dcviation of 0,3 Me/s (1ight loading) 2.2
Mc/s (narrow deviation) or 6.8 Mc/s wide deviation, whichever gives the lower (i.e. most unfavourable)
transfer characteristic; the co-channel frequencies are actually slightly separatéd by an zmount not
greater than the hizhest haseband frequency of the system subject to interference, so as to give the
‘worst interference ; the communicatian-satallite system includes carriar-énergy'dispersol to the degree
indicated by Recommendation 358. A more detailed account of transfer characteristics is given irJ: 7:7
of the report. v



Transfer characteristip (db)

Co-channel lSepdﬁafed by =10 /s
Earth station interference
to radio-relay system
with 960 channels ] 17
with 1800 channels -5 10
Radio=-relay station
interference to earth

~station 10 26

It is now possible to calculate the required ratio of wanted to unwanted carriers at the input
to the interfered-with receciver. For example, 2 typical calculation for 2 communication-satellite system
earth station interfering on a co-channel basis with a 960-channel radio-relay system might be as follows:
(the calculation is related to the higher value of interference noise permissible for a very smo11 per-
centage of time since this proves to be the limiting case where tropospheric phopagation is concerned. )

Permissible noise is hypothetical reference circuit for 0.01% of time (50000 pl

psophometrically weighted converted to s 4 k¢/s bandwidth unweighted) - 40 4bm0
Allowance for tuwo interfering earth stations : . = 3-db
AYlowance for two interference entries per carth station - 3 4db
Tofalta1ldwancé.per interférence ~ 46 4bm0
Transfer éharaéteris{ic for co-channgl case 1 db
Maximum value of unuanted signal in relation to wanted Signal at the receiver

input, co~channel case ) - 45 db

Similarly, by using the approprizte transfer characteristic of 17 db, the maximum value of
unwanted signsl in relation to wanted signz1 for the interleaved case is 29 db.

3.3 Wanted and unwanted signal levels at the receiver input
It is necessary to recognise that different modes of transmission are involved:

- the wanted signal at the earth station is relatively free from atmospheric fading, but may
vary somewhat in power in the case of moving satellites;

- the wanted signal at the radio-relay station is subject to atmospheric fading for a small
fraction of the time, this fraction having strong diurnal and annual variations;



~ 124 ~

-~ the unwanted signal at cither the earth station or the radio-relay station is likely to in-
volve trans-horizon propagatisn, with continuous fading ~nd with an averaje power which
varies diurnally and annually,

in calcul~tions of separation distance the known power of the wanted sign-] at the input to
the radio=relay receiver will bs used. For calculating coordination #istance, however, it may be nec-
gssary to assume a reasonable minimum wanted sign~1 power in order tc protect radic-relay stations
where exact psrameters are not known, B

It can be shown that receivers of radio-relay systems mesting the relevant C.C.f.R. recommen-
dations will have input signals of ~74 and =65 db¥ for systems of 960 and 1800 telephone channels re-
spectively, assuming that the noise temperature of the radio-relay receivers is- 700°K.

Thus, for exampls, the maximum interfering signal at the input to the 960~channel radio-
relay receiver considered above can be calculated as follows:

Interleaved
Co~channel " channel
Maximum ratio of unwanted
to wonted signal - - ~45 b - 29 db
Wanted signal power =74 db¥ - 74 4bY
Maximum unwanted signal
at receiver input =119 db¥ -103 db¥

) In the case of the wanted signal at the input to the ecarth station receiver, calculations
using parameters consistent with the state of the art expected in the next few years indicate that the
signal power is not likely to be less than ~120 4bW. Taking this v-lue, the maximum unwanted signal
at the input to the earth station receiver con be calculated by the same methods as thase used above.

3.4 Determination of coordination and separation distances

The interfering signal st the inpﬁt to the receiver is determined by:
- the power of the interfering transmitter
- less the feeder loss to the antenna

- plus the g-in of the transmitting antenna in the direction of the receiver subject to inter-
ference

- less the basic transmission loss over the path concerned
-~ plus the gain of the receiving antenna in the direction of the interfering station
- less the fesder loss to the receiver
For specific interference calculations, a1l the factors nacessary to compute the transmission
loss will be known. To determine the transmission loss associated with coordination distance, however;
it will be necessary to assume certain ratio-relay parameters, For an interfering radio-relay station,

the first three items above can be assumed to total -+ 55 db¥ in accordance with Recommendation 406, For
a radio-relay station subject to interference, the last two items can be assumed ta be 42 db, also
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consistent with the same Recqmmendation. At the earth station, the tﬁansmitteﬁ powér might be *+ 40 dbl,
the feeder loss-can be assumed to be negligible, and the antenna gin in the direction of the radio-
" relay station can, taking the worst case, be assumed to be + 10 dby in'the following example.

Continuing the 960-channel example discussed above, the necéssary transmission loss relevant
to the determination of coordination and separation distanées; may be somputed as follows. 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 illustrating the calculation of separation distance

. Coordination _ .
distance Separation distance determination
. determination co-channel Interieaved channel
| Earth station transmitter - ~ : '
power less feeder loss + 40 dbll + 40 dbY + 40 dhil
1 Earth station antenna gain ©+ 10 db 0 db*(2) 10 db*(2)
?Radio-relay station antenna _
gain less feeder loss + 42 db 20 db (2) 20 db (2)
+ 92 dby + 60 db¥ + 60 dbl
Permigsib]e,powér of — -
interfering signsl ot - 119 dbll - 119 db¥ - 103 dbY
receiver input for 0.015 ' '
of time
Minimum permissible basic
transmission loss to be N1 db 179 db 163 db
exceeded for all but 0.01¢
of time
Typical distance 500 km 200 km 115 km

* In calculating separation dist-nce, it would jenerally be appropriate to allow a Tower antennz gain
in the direction of the ralio-relay station for the earth station. In some cases, for example, the
earth station antenna may always operate in a direction well removed from that of the radio-relay
station. In this example, it is assumed that the average gain in the direction of the radio-relay
station is 0 db, the statistical variations of the actuzl value being ignored in rel=tion to the
larger statistical veriations of transmission loss over the interfering path.

** In this example, it is assumed that the antennae of the particular radio-relay station are directed
some 5° away from the direction of the-earth station.
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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 that, for overland propagation, the basic trans-
mission loss exceeded for all but 0.01% of the time is 500 kilometres which thus would be the coordina~
tion distance in the case considered for possible interference from the earth station to radio-relay
stations, Uhere oversea propagation or propagation in non-temperate regions of the earth is concerned,
Report 244 should be used where appropriate. ’

The separation distances shoun in the Table ara similarly calculated either by using the same
data or, if measurements or more appropriate prediction methiods are available for the particular path
profile and climate involved, by these more precise methods, e.g. Report 244. In particular, account
would need to be taken of any local scresning near the earth station which would appreciably reduce the
separation distance. In the examples here taken, which do not assume local screening and which use the
. propagation data of Report 243, the minimum separation distances for interference from earth station to
radio-relay station become 200 km (co-channel) and 115 km (interleaved channel). If, by loc~1 screening,

increased antenna discrimination, or other means, an improvement of, say, 20 db is obtained, the sepazration

distances become about 100 km (co~channel) and less than 50 km (interleaved channel).

The examples taken have referred largely to interference from the earth station to radio-relay
stations. It will, of course, be necessary to determine coordinztion and separation distances also for
the reverse case of interference from radio-relay stations to the e-rth station and these may be larger
or smaller than those here derived, depending upon the station parameters involved. The technical pro-
cedure involved will be evident from the preceding discussion.

In applying any coordination orocedure ani in finally determining the location of = new earth
station or radio-relay station, it will be appropriate to employ the greater of the coordin-tion and
separation distances for the two directions of interference.
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RELATIONSHIP BETHEEN PERMISSIBLE FOWER FLUX AT THE SURFACE OF -THE EARTH
SURFACE AND THE RESULTING [NTERFEREWCE IN A TELEPHbNE
CHANMEL ON THE HYPOTHETICAL REFERENCE CIRCUIT OF A
RADIO RELAY SYSTEM

Introduction

The following considerations are intended to explain how the permissibie power flux as specified

in Recommendation 358 is related to that permissible in radio-relay systems by communication-satellite
systems, ' o

The assumpticns taken as bases for the calculation are the following:

The interference is assumed to consist of a uniform spectrum noise producing - 149 dbUJ/m2 per
4 kefs bandwidth'power‘f}ux -t the surface of the.earth, as given in Recommendation 358.

The noise figure of the radio-relay receiver is 4 db taking into account the current develop-
ment trend to Tower receiver noise. figures.

The antennae of the radio~relay system have an effective area of 10 nl, This corresponds "to
43 db gain at 4000 Mc/s and-assumes-a bigger aerial than those norma11§ used-on_raiio relay systens,
where the average antennae employed have zn effective ares of about 5m° caorrespending to about 40 db
gain at 4 Ge/s,

The noise power at the receiver input produced by a given flux spectral density within the beam of

the receiving antenna of a radio-relay system

) The interfering power flux of ~149 de/m2 per 4 kc/s handwidth is convertad by an antenna
of 10n" effective arca tc a power of =139 dbW/4 kc/s. This power is reduced 3 db by the fact that
satellite systems use circular polarization vhereas linear polarization is usuzlly employed by radio
relay systems. A further reduction of 3 db is produced by the feeder loss and radio~frequency
filters hefore the réceiver mixer. Hence, the power flux of -149 1h8/n® per & ko/s bandwidth, under
the assumptions made, is converted to a power of ~145 1hU/4 kefs at the receiver input.

The noise power produced by a receiver with 2 4 db noise figure in 2 4 ke/s band is
-164 db¥/4 ke/s. That is 19 db below the =145 dhi/4 kc/s generated by the power flux. With an
antenna of 5 m2 effective arca the interfering power is only =148 dhl/4 kc/s and the ratio 16 db.
In case of a 10 db receiver noise figure which most radio-relay systems of today are using the ratio
reduces to 10 db,

Radio relay systems designed in accordance with Recommendation 393, can he subject to
ahout 40 dh fading before 47500 p¥ one-minute mean noise pawer are exceeded in a telephone channel.
This means without fading the thermal noise per radic section is in the order of § to 10 p¥ in the
telephone channel, The 19 db deterioration of the receiver noise fiqure causel by the interference
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brings this up to something hetween 400 and 800 pW noise power in a telephone channel of the rather
sensitive radio-relay system considered. Appreciably less interference noise is generated in most
existing radio~-relay systems. The figure of 400 to 800 p¥ compares favourably with the 1000 p¥ given
as the upper permissible interference 1imit in Recommendation 357,

3. Probability of 2 satellite being within the beam of the receiving antenna of a line-of-~sight radio-
relay system

Studies of this problem have been made by the Administrations of the U.S.A., the U.K. and
C-nada (Docs. Nos. 53, 54, 116, 244, of Geneva, 1963 ). From these studies it follows that in a radio-
relay system comprising about 50 stations and corresponding in length to the 2500 km hypothetical re-
ference circuit the probability is less than 10% than a system of 20 co-charnel sateltites affects one
“of these stations. The 103 figure corresponds to the most unfavourable assumptions. The probability
that two or more radio-relay stations are zffected simultaneously seems to be considerably less than
1% under worst assumptions.

This means that the power flux as specified in Recommendation 358 gives satisfactory protection
to radio-relay systems and ensures that the provisional interfercnce limits as given in Recommendation
357 are unlikely to he reached even if a very sensitive radio-relay system with low neoise figure is
concerned.
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ANEY 3

LIMITATION OF THE EFFECTIVE RADIATED POUER OF
RADIO-RELAY SYSTES SHiRING THE SAME FREQUENCY BANDS
41TH COMMUNICATION-SATELLITE SYSTEHS

In order to make frequency sharing feasible betwecn communication-satellite systems and
radio-relay systems it is necessary, am:ng other measurss, to impose a limitation on the effective
radiated powers of line-of-sight radio relzy systems. This would make it possible to avoid undue in-
terference. occurring with the satellite system and particularly into satellite receivers. Recommenda-
tion 406 sets the wpper limit of power from a radio-relay transmitter and its associated antennae at
55 db¥ and it has to be shown that with this limit undue interference into a satellite receiver would
be avoided.

The effective radiated powers of communication-satcllite earth stations are expected to be
of the order of 95 dbW and ns need is foreseen to increase this power appreciably. The ratio of the
power radiated from an earth station to that redi~ted from 2 radio-relay station is thus 40 db,

The interference noise power appearing in a telephone channel of a communication-satellite
system due to interference at a satellite when it is within the beam of 2 radio-relay station antennac
may now be derived as follows:

Eur.p. of Earth station 4 95 gbll
E.rop. of radio-relay stations
producin: unwanted signal + 55 db¥

AMlowance for cross-polarization
of wanted and unwanted signals 3 db

Resulting ratio of wanted-to-
unwanted signals at satellite rcceiver
input 43 db

Transfer characteristics for co~channel
frequency modulation case (see finnex 1)
assuming carrier enerqy dispersion 10 db

Resulting ratio of wanted to
unwanted signals in 4 kc/s band
at receiver output 53 db

Alowance for 3,1 kefs channel and
psophometric weighting 3 db

Resulting interference naoise power
in telephone channel 2500 pW
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From the studies mentioned in Annex 2 it follows that full co-channel interferénce from any
one of several hundred radio-relay stations beaming directly at any satellite would occur, in the most
unfavourable case for less than 10§ of the time. The probability of interference from radio-relay
systems generally is much lower than this, It may bz concluded that the full "in-beam" interferences
to a satellite of a communication-sateliite system will probably occur for appreciably less than 20% of the
time, Thus, for rather less than 20% of the time the level of noise may rise by up to some 2500 pW
due to interference from a 1-rge number of radio-relay stations to a satellite receiver. The fact
that very many radio-relay systems use e.r.p.'s lowsr than +55 dbl will provide a margin of safsty,
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FREQUENCY SHARING YITHIN AND BETYEEN
COMMUNICATION-SATELLITE SYSTEHS
(Question 235(1V) and Study Programme 235 C{iV))

(Geneva, 1963)

The extent to which the same frequencies may be used, without causing harmful interference,
by different satellites within the same communication-satellite system, and by different systems of

- communication satellites, is a subject of considerable importance, bearing as it does on the efficient
- use .of the frequency spectrum[rﬁ, 7.

At this time it is possible only to provide some preliminary and provisional guidance in the
matter and it is clear that a considerable amount of further study will be required to reach definite
conclusions. Such study as has so far been made suggests:

The increasing probability of eclipse interference with increasing numbers of satellites will
in due course limit the number .of satellites that could use a given frequency channel.

The radiation pattern of earth stotion antennae will be a vital factor in determining the
angular extent of eclipse interference. Relatively high gain antennae’ with very well-suppressed

"side-lobes will beneeded to prevent the—interference beamwidth—from being excessive.-

, Stationary satellites may shqrg frequencies but the usable number of co-channel satellites
w1]] be limited, the precise limit depending upon the system characteristics, e.g. the modulation
method employed anJ the radiation patterns of the antennze used.

A satellite system using station-keeping satellites may be able to share frequencies with
a similar satellite system using the same orbit but thls would only be possible if precise station-
keeping of the two systems is employed.

Independent random orbit systems may be able to share frequencies, but this would involve
the exchange and use of complefe orbital infornation by the operating agencies concerned.

Possibilities exist that, with appropriace safegunrds, systems in different types of orbit

" might be able to share common frequency channels, but this subject needs further study.

BIBL|OGRAPHY
[/ C.C.lR. Doc. 55 of Geneva, 1963.

szZ:? LUTZ S.G. Interfercnce problems of cu-channcl communication satellites [RE, Transactions PGRF {
(Autumn 1962 ).

* This Report, which was adopted unanimously has been brought to the attention of the Extraordinary
Administrative Radio Conference, Geneva, 1963.
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REPORT 211*

ACTIVE COMMUNICATION-SATELLITE SYSTEMS

A comparative study of possible methods of modulation

(Question 235(1V) and Study Programme 235-0(1V))

(Geneva, 1963)

e Introduction
. Several “factors enter into the choice of a method of nodulation for active communication-
satellite systems, some of them being of particular significance in regard to one direction of trans-

mission only. The modulation techniques used may not be the same for both directions of transmission.
The most important aspects to be considered in this comparison are as follous:

- the radio~frequency transmitter power (particularly in the satellite) needed to give acceptable
signal-to-noise ratio performance ;

- bandwidth requirements in relation to the traffic capacity to be accommodated, i.e., the
comparative economy in use of the radio frequency spectrum;

- the system:flexibiiity, particularly in.redard.tc the manner by which proviéion can bevmade
for multi-station access to the system;

- susceptibility to cause interference to, or to receive interference from, systems sharing the
same frequency bands ; . : :

- opsrational reliability: practicability in the 1ight of current, and probable future technology,

The present étudy is concerned primarily with multi-channel telephony systems and in this
case three distinctly separate methods of modulation appear at this stage to warrant detailed consider-
ation., These are:

- frequency-division muitiplex with freqUéncy-modu]ation of the carrier (FIt);

-~ frequency~division muitip]ex with single-sideband amplitude modulation of the carrier (SSB);

* This Report, which was adopted unanimously, has been brou-ht to the attention of the Extraordlnary
Administrative Radio Conference, Geneva, 1963,
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~  pulse-code modulation (PCM) with vestigial phase modulation of the carrier.

These are the three basic methods here compared, but it should be borne in mind that each
method may have variants which are not here considered; a study of these variants is not expected great=
ly to affect the conclusisns reached. For convenience, the three methids of modulation will be referred
to as Fi, SSB and PCH respectively.

Assumptions made 2nd limitations involved in the comparison

taken as examples:

Certzin restrictions are necessary in a study of this n-ture in the interests of conciseness.
Nevertheless, so long as the restrictions are suitshly chosen and clearly borne in mind, useful con-
clusions can be draun.

To provide a reasonably broad basis of comparisen for the three modulation methods, systems
have been considered for various specified numbers of telephone channels in both upward and downward
directions of transmission. For high-capacity earth stations (e.g. those providing blocks of 120
channels) an antenna aperture equivalent to that of a paraboloidal dish reflector of 26 m diameter has
been assumed, and an equivalent noise input temperature of 40°K, For low-capacity earth st-tions (e.g.
those providing blocks of 24 channels) an antenna aperturc of 9 m diameter and a system noise input
temperature of 709K have been assumed.

The satellite receiver equivalent noise temperature is taken as 3000°K in all cases.

For.each of the three methods of modulation, the following numbers of channels have been

Direction of transmission Number of channels
Sateltite to sarth _ ]ggg .
(per system) 120
Earth to satellite 1200
. 120
(per station) 24

The assumptions made and limitations invalved in this stuldy are as follows:
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2.1 Detailed calculations refer to the case of multichannel telephony only. 1200 telephone
channels have been assumed as typical of the meximum capacity likely to be associated with one wide-
band radio frequency channel until the demand for satellite communications exceeds present forecasts.
For the various modulation systems considered it can, however, bé shown that if the signal=to-noise
ratio requirements are met for this multi-channel telephony case, they can also he met for the case of
625-1ine monochrome television.

2.2 The assumed performance required, in terms of overall signal-to=noise ratio, is that given,
in Recommendation 353. This allows a noise power at a point of zers relztive level in any telephone
channel in each earth-satellite-earth section of a satellite communication system of 10000 p¥W psopho-
metrically weighted mean in any hour. For the purpose of the present study 8000 p¥ is assumed to
arise in the sztellite~to=earth link and 75% of this noise is assumed to he of thermal origin, i.e.,
that part not due to intermodulation or interference. The corresgonding signal-to-therma]l noise ratic
in a  telephone cfiannel, taking the satellite~to~earth link alone, is 50 db unweighted. For the earth-
to-satellite link, the corresponding signal~to-thermal noise ratio is 56 db unweighted.

2.3 A radio frequency channel banduidth not exceeding 50 Hc/s has been assumed in the.case of
each system considered, Given this maximum bandwidth and the performance requirements stated in para.
2.2 above, it is possible to compare the probable traffic capacities :f the three systems.

2.4 A transmission frequency in the 4 Ge/s band has been assumed in the calculations of path
attenuatiori. However, since a fixed satellite antenna gain has been assumed for each of the orbits
considered, the question of frequency does nat enter as a primary factor in the final result. The
comparison is, therefore, valid over a relatively large frequency range within the 1 Ge/s to 10 Ge/s
part of the spectrum, :

2.5 For the purposes of comparison, threc different satellite orbital heights have been considered,
viz: a low altitude satellite at 3000 km, a medium altitude satellite at 10000 km, and a synchronous
orbit satellite at 36000 km. It is approciated that the altitude of 3000 km is jower than any that are
likely to be used for active communication-satellite systems but c-lculations for this altitude have
been included here for completeness of the comparison. In all cases, satellite attitude stabilizotion
has been assumed, thus permitting the assumption of antenna gain at the satellite sufficient to give
a radiation pattern covering the visible part of the earth, These assumptions are thus immediately
applicable to satellites in circular orbits, but allow the results also to be applied with certain
changes to elliptical orbits. They are equally applicable to equatarial, oblique or polar orbits, but
of course, the 36000 km altitude orbit has particulor significance only for the equatorial case.

For the assumed satellite orbital heights, there zre related values of path attenuation,
satellite antenna gain and system transmission l12ss. These values which have been usad in the system
performance calculations, are summarized in Table .
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Transmission loss, cntenna gains and beamwidths ‘at 4 Gc/s

Satellite orbital height (km) 3000 10000 36000

¥aximum slant range (km) 6300 14500 41300
Attenuztion at max, slant

range (dh) 180.5 187,7 196,8
Satellite antenna beamwidth {dey) 91,4 51.8 ) 23.3
Satellite antenna gain (db) 5.2 10 16.8

High~capacity systems

Earth station antenna gain (db) 58 58 58
System transmission loss (db) 117.3 119.7 122.0

Low-capacity systems

Earth station antenna gain (db) ' 50 50 50
System transmission less (4b) 125.3 127.7 130.0

it should be noted that the satellite and earth stition transmitter powérs given in the foll-
owing sections represent the minimum powers theoretically nccessary; in practice, some increase of
power may be required, e.g. to allow for absorption and additional noise due to rain.

[t should also be noted that the detailed calculations herein do not include numerical con-
sideration of the use of ccmpandors on telephone circuits. However, the possible use of compandors is
mentioned at apprapriate points,. where compandored operation may be of specizl benefit, or where the
use of compandors clearly seams to be undesirable.

fn this connectisn it may be noted that the C.C.l.T.T. Recommendations (6,152 of Red Book,
Vol. I11) recognize thé use of compan'crs on seme national and international circuits. However the
CuCul.T.Ts is studying, for use of intercontinental telephone circuits, compandors with better per-
formance than those specified in Recommendation G,152. When using such improved compandors the noise
allowance for the corresponding circuits may be raised te a certain extent which has still to he de=
termined by C.C.1.T.T. taking into consideration both the transmission of speech ~nd telephone sig-
nalling..  The use of compandors implies demodulatisn to ~udio frequencies at some point in the tel-
ephone network where both echo suppressirs and compandors might be used. For other services, e.g.
telegraphy, companiors offer no “enefit, ani may even degrade service. In the case of telephone
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circuits used for the transmission of telegraphy a guide to the desired noise performance is given in
Doc. No, 161 para, (a) 2.4, Obviously, these relative adventages and disadvantages must be carefully
weighed when considering the potential benefits whieh-may be obtained-with companders,

Satellite transmitter power requirements

The power requirements of the satellite transmittér are corisidered for each of the
three modulation methods in this section. It is-convenient, however, also to summarize the broad
features of each method and this has been done in an initial paragraph of the three sub-sections.

1. Freguency modulation

The particular virtues of FM that can be exploited in satellite communicztions are that
it is

- a well-tried and available system;

- capable of providing improved signal-to-noise ratio perfirmance by exploit:ztion of
available frequency bandwidth.

fn view of the likely limits on available satellite transmitter powcr, Fi is here
.exploited on a wide-deviation basis within a totzl RF channel bandwidth of some 50 Mc/s.

Hevertheless, the benefits to be gained by the usc of wide=deviation FM lo not apply
when the carrier level at the FM detector is less than a threshold some 12 db above the total
noise level. To ena»le this threshold requirement to be mere readily met vafious methods such
as FM with feedback have been devised; in a quantitative analysis therefore, account must be
taken of the margin of cperation ahove the threshold value.

In the high-capacity system, a 5.5 Mc’s basehand accommodating some 1200 FD¥ telephone
channals is assumed to modulste a single satellite emission. A single, wide-deviation FM emission
is mecre efficient than the alternative of 2 number of separate emissions each carrying a relatively
small number of telephone channels, The calculations for this case are hased on the following

‘parameters :

- ras. channel deviation (1 ¥ tone) 1.0 Yc/s;
- rJi.s. nulti-channel signal Jeviition 6.2 iic!s ;

- minimum input power 2t the earth station receiver to meet the signal-to-noise
requirements in the channel =117 4hY,

The thermal noise corresponiing to the assumed equivalent noise input temperature of 400K
at the earth station receiver input is -136 4b¥ in 2 50 Mc/s hand, and the input carrier-to-n:ise
ratio is thus 19 4h. The IF carrier-to-noisc ratio resulting in the 15 Me/s band of a feedhack
receiver is, therefore, 2% 4b.



- 137 -

The threshold of sitisfactory operation in an FM receiver is about 12 db and the system out-
lined is assumed to provide a fade margin 2bove the Flf receiver threshoid of 12 db at the !imit of range.
These fades of less than about 12 db depth would thus do no more than reduce the output channel signal-
to-thermal noise ratio, ‘approximately in proportion to the depth of fade.

The required satellite transmitter powers for the various cases considered are given in

Table 1.
I8LE 11
Satellite transmitter powers for FM systems
Orbital height of satellite (km)
Number ' - type
" of 3000 10000 36000 of
han l’ ‘ ' station
channels by bYW dbk W
1200 03 1.l 2.7 1.8 5.0 3.2 High capacity
240 3 2.4 1 80 40 | 8.4 69
N , . Lou capacity
120 2.0 1.6 4.4 2.8 8.7 4,7 R

“If compandors were to-be considered for-use in-an F¥ system, they could offer lower bandwidth,
reduced power, or higher capacity; however the use of M is satisfactory for international high quality
circuits without the. introduction of compandors and their possible disadvantages.

3¢ Single-sideband amplitude modulation

The SSB method has the merits of simplicity and maximum possible economy in bandwidth, It is
preferable to DSB.amplitude modulation with carrier becouse of its more efficient use of tr-nsmitter
power and its smaller bandwidth. Unlike FM, it possesses no limiting threshold effect.

The main disadvantages of SSB systems are as follows. They require greater tr-nsmitter
powers than wide deviation FM, 1t is very much more difficult to provide the necessary linearity for
multichannel operation, and the SSB system are more susceptible to interference -nd will produce more
interference when their signals fall within the baseband of the terrestrial systems.
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In determining the transmitter power requirements for SSB,it is necessary first ta decide
what telephone channel capacity is to be assumed. At first sight, it would appear that a radio-
fraquency channcl banilwidth of 50 Me/s would allow, for $SB, m-ny times the number of 1200 channels
obtainable with F¥. However, for reascns which are primorily associ~ted with frequency sharing
problems it is possible that the number of telephone channels per transmission may need to be limited.
For convenience, the figure of 1200 is assumod here in calculating power requiremsnts, hut it should
be remembered that perhaps zhout twice this capacity should be carried with, however, 2 doubling of
transmitter power.

The calculations for this case result in separate figures for the values >f mean power and
peak envelope power. While the mean power is of diroct interest because of its influence on the
total power supply requirements aboard the satellite, it is the peak envelope power that is of most
concern in SSB systems since sufficient linearity of operation must be shtzined up to this power if
Jintermodulation products are to be kept acceptably low.

The required satellite transmitter power requirements are given in Table 11, which assumes

no compandors on the telephone circuits. |t may be expected that if the use of compandor proves
satisfactory on international circuits the power here quoted would be considerably reduced.

TABLE 111

Satetlite-transmitter powars for SSB systems-

Number : : . Type

e Power Orbital height of. satellite {km) of.

channels 3000 10000 36000 station

. a1 aw___ a1

£200 Mean 5.4 3.5 7.8 6.0 100 10.2 | High
Peak envelope(l)’ 17.6 58 20 100 22,3 170 capacity

240 Hean 8.8 7.8 M2 130 | 135 225 | Lo
Peak envelope(l) 2.5 178 24,9 310 27.2 530

120 Hean 73 5.4 9.7 9.3 | 12.0 16.0 | capacity
Peak envelope(l) 21.2 130 23,6 230 25.9 390

(1) This assumes that no limiting takes place in the telephone channels. The use of channel limitars
would reduce the peak envelope puwer,

it should be noteq 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 2 period of ~bout O.1s * would fluctuate
about the quoted values ani for 14 of the busy hour might oxceed them by 1 or 2 db depending on the
total number of channels in the system.

- U

* Based on the definition of "Mean power of a radio transmitter" No. 96 of the Radio Regulations ~ Geneva 1959
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3.3 Pulse~code modulation

PCY is a method of modulation with consideroble inherent protection against interference, the
wide frequency spectrum enabling the required overall performence to be achieved with Tow transmitter
power. However, operatisnal PCM systems with several hundreds of telephone channels have yet to be

demsnstrated. '

_The nature of the quantization noise inherent in PCM tends to .invalidate a-dirsct performance
comparison with more conventionsl systems; moreover, the values of the RF bandwidth required in practice
are difficult to evalurte precisely in the present st-te of development.

The foctors influencing the bandwidth requirements for PCM systems are brought out in the
following discussion, in which a 1200~channel, time-division multiplex (TDM) system is taken as an ex-
anple. The sampling rate per channel (S) must exceed twice the highest audio frequency to be transmitted,
and 7400 samples/s is considered to be adequate for a channel having a top audio frequency of 3400 c/s.
For the 1200-channel TDM syster® , therefore, the sampling rate neglecting synchronizing-pulses is given
by '

S = 2 x 1200 x 3700 (for a top audio frequency of 3.4 kc/s per channel)
= 8488 x 105 samples/s.

The number of binary digits per %amp]e has now to be chosen and this depends on the liait fixed
for quantization noise, for which no recommendation has yet been made by the C.C.I.T.T.

However, according t6~published-infoémation, the smallest quantization step amplitude should be some
62 db below the .peak level**, . Jo achieve this figure would require an 11-digft binary code §f equal quantization
steps were adopted, However, with non-linear encoding, it is possible to reduce the binary digits required to
seven, ’ ) S :

The bit rate, for 7 bits per sample, thus becomes;
7 %:8.88 x 108 = 62,2 megabits/s,
]

and the bit duration te e seconds
62.2 x 10
Present’practical systems employ basebands whose widths are of the order of 1/t, but systens
of the future may redice the bandwidth to the order of 1/1.33t. fdopting this Tatter figure as the
best present estimate, a bandwidth of (62.2/1.33) = 46.6 Mc/s is indicated. '

However, the pulses must be modulated on a radio frequency carricr and, using.vestigal side-
band transmission, the total radio~frequency bandwidth fay typically exceed this’by about 108, It
- would seem possible to envisage, on the basis described, a channel bandwidth of some 50 Me/s carrying
1200 telephone channels by pulse~code modulation (PCM) with phase-shi ft keying and vestigial sideband

*  Systems have not yet been developed with this c~pncity although work alonq these lines is being

conducted within 2 number of Administrations.

** PURTON, R.F. A survey of telephone spéect sidn-1 statistics and their significance in the choice
of 2 PCM companding law. Proc. I.E.E., B, 43, 109, 60-66 (January, 1962).
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transmission, Some bandwidth reduction mzy also be possible by using more than two "states" (voltage levels)
to define each diglt, at the cost of increzsed transmitter power,

It is to be noted that {n view of the steep threshold characteristic of PCY systems any re-
duction of carrier level or enhancement of noise at the input of the receiver would result in a dispro-
portionaté reduction in siynal-to-noise ratio in the telephone channel, It is considered advisable, -
therefore, to allow a 5 db safety margin in the calcul-tion of transmitter powers for the PCM systenms,
and taking this into account, the satellite transmitter powers required are as given in Table IV,

TABLE 1V

Mean powers® of satellite transmitter for PCM systems

Orbital heiqht of satellite (ka)
Number type
of 3000 i 10000 36000 of
channels : ; station
dby N dbY W
1200 | 1.3 1.4 3.7 2.4 6.0 | 4.0 High caprcity
U0 | 47 | 3.0 70 7 Sa| s e -
: . E ; : Low capacity
i i ;
120 1715 1 B0 28] 6.4 dl

The foregoing relates to PCM systems in which the telephone channels are encoded and trans-
mitted on a time-division basis. Since, however, it is common practice for blocks of telephone
channels assembled in frgquency~division multiplex (FOM) as groups {12 channels), supergroups (60
channels ) mastergroups {300 channels) etc., to be transmitted as an entity over tronsmission links 6f
various typés in the international network, it would facilitate interconnection if these FDM groups,
supergroups, mastergroups etc., could be directly encoded for transmission over the satellite PCM
system without the necessity for breaking them down into individu-1 chennels. The main difference
between the trensmission of encoded FDM blocks of chennels of this type and of individual encoded
channels are:

* . For a single PCM block of ch-nnels the peak-envelope powers are up to+ 3 db (2 timés) greater thanthe

mean values shown in the t-ble. Houever, if a number of PCH blocks from various earth stations

are stacked in FOM at the satellite, thc 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 will be somewhat greater than that
for a time-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.1.T.T. recommendations),
and also some unused bandwidth below the lower freguency channels,

- the quantization distortion requirements are much more severe when encoding an FDM block
of channels since quantization of the composite waveform results in distortion which has
the effect of producing continuous noise in all channels. Hence, the required signal-to-
distortion ratios are of the same order as the signal-to-thermat-noise ratios required in
Fit or SSB systems, : '

Theoretical considerations indicate that to-attain a signal-to-distortion ratio of 50 db;
9 digits would be required for a 12-channel group z2nd 8 digits for.2 300-channel mastergroup, assuming
a linear code. The use of an encoder with 2 logarithmic law might reduce the number of digits to 8
and 7 respectively. The corresponding RF bandwidths required for transmission of 1200 channels would
be of the order of 79 Mc/s for 12-channel FDM groups and 86 Me/s for 300-channe! FDM mastergroups.

Earth station transmitter power rcguirements and tr-ffic haniling capacity

To provide for multi-station access, the total capocity of the satellite will need to be di-
vided among a number of separate transmissions, each originating from a different earth station. Various
arrangements dre possible, but 2 hroad comparison of the three methods of madulsation can he made if
it is assumed, as a typical tase, that 10 earth st-tions transmit at different frequencies spaced at
5 Mc/s intervals throughout one 50 Mc/s wide RF channel. For hizh capocity earth stations using antennae
26 m in diameter, each emission is assumed to carry 120 telephons channels giving a total of 1200
channels within a 50 Mc/s RF channel, Low-capacity earth stations are assumed for the present purpose
to carry 24 channels each. ‘ '

Frequency-modulation

1t is assumed that each.high-capacity earth station transmits 120 telephone channels occupying
a baseband frequency range of approximately 550 kc/s. The RF handwidth of the omission is taken as 3
Mc/s, allowing some safety margin and a guard bani between ndjacent emissions. Earth stations requiring
higher capacities than 120 channels could be provided for by the allocation of two or more such biocks
of 120 channels, each block heing transmitted an a sep-rate frequency 21location.

For the low-capacity system, it is assumed that each of the hlocks of 24 channels allocated
to the various carth stations micht occupy different baseh-nd frequency ranges in order to simplify the
assembly of a number of such blocks into a common b~seband ~t the satellite. In the example taken in
this study a maximum haseband frequency of 550 kc/s is assumed, five blocks of 24 channels could use
this baseband. To achieve the required signal-to-noise ratio, the station transmitting the block of 24
channels at the high frequency end of the basehand (say: 440 kc/s to 550 ke/s ) would require to use either
greater power or wider deviation than the other transmitters. It is reasonable therefore,.to allow an
RF bandwidth of 5 Me/s for this worst case. With these assumptions, the required carth st-tion trans-
mitter powers may be calculated; the results are sumarized in Table V.
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TABLE V

Earth station trensmitter powers for FM systems

Number Orbital height of satellite (km) Type
of of
channels '3009 10000 36000 staticn
W R oy o
1200 2.0 | 325 215 | 560 | 29.8 | 950 High

' ' it
120 26 | 180 25.0 320 | 273 | 540 Fapattyy
2 5.6 | 370 28.0 | 630 | 30.3 | 1100 - Low
' i _ . capacity

4.2 Single-sideband amplitudé modulation

The required earth st-ticn transmitter powers are determined as in Table VI.

THBLE VI

farth station transmitter powers for SS8 systems

For SSB transmission the RF bandwidth is apprbximately equal to the width of the_paseband.

Humber Orbital height of satellite (km) Type
of Pover 3000 10000 36000 of
channels , station
dby oW do |y fdnt Y
1200 . Mean - 30,1 ¢ 1000 325 § 1800 § 34.8 I 3000
Peak envelope 42,3 117000 44,7 | 30000 | 47 50000 High
120 Mean 2.6 0 150 | 26 1 250 26.3 1 430 | capacity
Peak envelape 35.5 ¢ 3600 | 37.9 % 6200 { 40,2 | 11000
I | :
24 ean 268 480 | 29.2 ¢ 830 | 3151 1460 Tow
Peak envelope 41,8 . 15000 44,2 28000 | 46.5 ' 45000 capacity




4.3

- 143 -

It is to be noted that the use of comparders if these prove to be satisfactory might sub-
stantially reduce the power requirements of SSB earth station transmitter. Thus, for example, if’
an improvement of 15 db were achieved in the case of the 120 channel synchronous satellite systenm,
the last column of Table VI would need 14 ¥ mean power and 370 ¥ peak envelcpe power. The other fig-
ures in the column would be modified zccordingly.

Pulse code modulation

For PCH systems, the RF bandwidth isin direct proportion to the number of channels and the
number of digits per sample, other parameters being fixed, Thus, for a 50 ilc/s RF bandwidth for 1200
channels coded on an ‘individuat:channel basis (as derived in § 3.3) the bandwidths for 120 and 24
channels ‘are approximatsly 5 Mc/s and 1 Mc/s respectively. The required earth station transmitter
powers aré summarized in T-ble VI, The figures stated include » safety mergin of 5 db for the reason
given in § 3.3, For a high~capacity 120 channel system this would allow no guard band between adjacent
emissions as a practical systes would require; thus, either the number of channels in each edission would .
need to bé less than 120 or fewer blocks of 120 would be included in a 50 Mc/s bant. However, for
simplicity of comparison, the powcrs are calculated on the basis-of 120 channels in each block

- - JABLE V1]

Moénbbowers* of earth station tranSmifter'for PCH systems

Orbital heiahtof satellite (km) - L Type
Number — . e . of.
of 3000 10000 | 360000 | tation
channels 0 7 Y R Y R R
1200 6. 410 | 28.5 710 30.8 12000 - Higho.
" i § : capacity i
120 S B [ M 185 0 T oi208 1 120
24 BERIR S0 195 . 89 218 . 150 L

cap;city'

It should s1so be noted that the powers given ~hove relate to systems where no form of pulse
regeneration in the satellite is used.” For.systems in which the signal.is either decoded and recoded
or simply regenerated in the satellite, the required earth station transmitter powers would be about 7
db Tess than these.shown sbove.

* The peak envelope power.sare up to+3 db (2 times).greater than the mean volues shown in the t=ble.
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4,4 Comments on transmitter power and bandwidth requirements in relation to traffic h-ndling capacity

It would appear from the foregoing, that a radio-frequency channel bandwidth of some
50 Mc/s could accommodate a FHf transmissi:n carrying up to 1200 t2lephone channels, or 2 PCM
transmission approaching 1200 telephone channels or o SSB trensmission carrying well in excess of
1200 telephone channels, and that systems using e»ch modul tisn method could meet acceptrble
performance requirements using satellite transmitter me=n powers of a few watts.

In comparing FM with PCM it sho:1d be moted th~t, as the satelilite transmitter poiier is
increased (up to the limit set By interference considerations), 2 reduction of FM devi~tion, and
therefore of bandwidth occupied, could be mde, with resulting increased efficiency of use of the
frequency spectrum. Such an improvement could not be made in the czse of hinary PCM since the
bandwidth occupied is solely a function of the number of channels and the number of bits per sample.

With SSB systems, the actual handwidth occupied is mmsiderably less than for FM and PCM
systems of the same capacity. However, it may not be possible to t-ke full advantage of this
bandwidth saving in practice since interfercnce problems when sharing frequencies with other radio
services, e.g. radio-relay systems, may restrict the usahle channel assignments.

The mean power of the satellite transmitter required for 1200-channel SSB transmissions
is approximately three times that required when using PCM or wide deviation F¥. Moreover, the peak
power of an SSB trznsmission is some 12 4% greater than the mesn power, and highly linear operation
of the transmitter is essential over the full amplituie range.

The transmitter powar of the earth statisn is of less import-nce than that required in
satellites. However, a T20-channel PCM system would require an earth station with a transmitter
of about 70 W mean power, about a quarter of that required for Fi and SSB systems of comparable
capacity.

Multi-station operation

The three methods of modulation considered can all provide for multiple earth-station
across to the satellite, hut differ in the complexity necessary in the satellite itself, |f, at any
one time, "m" sarth stations are to participate via a single satellite of a system therc must be,
in eifect, "n" separate transmissions to be received at the satellite. In the satellite these
separate transmissions can be either

5.0.1. amplified and frequency changed for re-transmission to earth on separate carriers;

5.0.2. demodulated, if necessary, and combined for re~transmission on 2 stngle carricr,

5.1 FM systems

The method of §5.0.1 would require "m" separate amplifier channels of else a Gommon -
linear broadband amplifier. The method of§ 5.0.2 might involve demodulation to baseéband, which
would require "™® separate amplifier/demodulator channels in the satellite receiver, followed by
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re-asscmbly of the FDN telephony channels and modulation on a single Frun=coming-carrier Fhe
arrangements to do this in the Fti case could follow well-known and proved technigues ; however, a
number of deslgn prob]ems would need to be solved to reduce the weight and size of the equipment to
meet payload limitations.

PCM systems

The relative immunity of PCM from interference by signals or intermodulation products

below the threshold Tevel suggests the possibility of using the method of § 5, 0 1. In this method

several PCH carriers would be amplificd in a common broadband amplifier in the satetltte, this ~
could be accomplished without appreciable ¢ross-modulation and with relattv ly hich eft1c1ency in
the RF output amplifier. This latter would, however, need to accommod: te the peak anvelope power of
the composite signa] without significant compression of the ampiitudes of individual .carriers, and
su1table guard bands would be required between the transmissions. Each earth station could receive
all the PCH corriers transmitted by the satellite and would extract from each carrier the particular
channels required.

f With PCH systems the possibility also exists in pr1nc;ple of assembllng hlocks of

* channels from dlfferent earth stations on a time-division basis in the satellite. However, the

differénces and variations in transmission delay between _the satellite and the various earth stations
would appear to exclude this as a practicable systenm.

The method of § 5.0.2 which involves the -demodulation and fe-assembly of blocks of PCi
channels in the satelllte, nauld appear to be impracticable using PCM, in view of the complexity of

’ the Satelllte equipment. 1nvo]ve'.

5.3 SSB systems

SSB systems have the advantage that the m separate transmissions, each comprising a block .
of FDif telephone channels, could be combined at the satellite for re-transmission to earth asa -
stngle emission without belng demodulated. The transmission from the earth stat‘ons could be received”
at the satelllte ina common hroadband amplifier and arranged in frequency. more ar less adJacently, or,

with' approprlate Doppler shift corrections, contiguously. Means for ensurlna that the Tevels of the
various transmlsSIOns at the S°tellvte were unifdrm would also be required. The conbined signal .

could then be frequency shtfted in the satellite, amplified to the necessary power level and
re-transmltted to earth.

Thjs'techhique would permit single channels or blacks of tclephone chamnels from both
high-and low-capacity stations to be assembled together, =nd ~'lows considerable flcx1b111ty as 1o
the sizes of the channel blocks. Thé use of SSB modulation could thus lead to a relatlvely simple
and flexible satellite repeater. However, it would appear that existing bréadband amplifiers, in
particular RF power amplifiers for satelltte and earth station transmitters, fntt short-of the 1mptltuJe
linearity. requtred to keup intermodulation products and crosstalk. below acceptthe levels.
Furthermnre, the ‘yse of a common broadhand amplifier in the satellite would increase the risk of
1nterference between transmissions in the event of malfunctioning of any enrth_gtat!on .
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Composite modulation systems

Yith some signal processing in the satellite it is possible to use composite modulation
systems, i.e. systems using one type of modul-tion on the e~rth-to-satellite paths and another type
on the satellite-to-earth path. Because different considerations apply to the two paths this
composite modulation may offer an improved overall system.

Possible examples of this are :

U using narrow-deviation Fif for the earth-to-satellite path, demodulation of each transmission
in the satellite and combination and wide-deviation frequency modulztion of the complete baseband
signals on the satellite-to-earth path;

5.4.2 using PCH for the earth-to-satellite path, the PCM signals at the satellite being
assembled in a wide bascband which is then transmitted to the ground using wide-deviation FM;

54443 using $SB on the earth-to-satellite path the channels are stacked at the satellite, either
at intermediate frequency or at a baseband, and re-transmitted to ground using high-index phase
modulation. |t should be noted that such a system would combine the advantages of SSB in respect
to flexibility of multi-station access, and of spectrum economy, with those of wide deviation
phase modulation in conserving satellite transmitter power.

interference between satellite systems and other radio scrvices

The merits af different modulztion systems must also he considered from the point of view
of avoiding mutual interference between satellite communication systems and other radic services
sharing the same frequency bands. Only the main characteristics of different modulation methods frop
the interference point of view are given below,

Frequency modulation

Frequency modulation produces a spectrum with an energy distribution which is a function
of the frequencies of the modulating signals and of the deviations they produce. With lightiy-loaded
or unmodulated FM multi-channe! telephiony systems ~.considerable part of the total energy is concentreted
in a relatively narrow frequency band, with the result that a greater interference potential exists in
this condition than is the c-se with a normally loaded FM system. This represents a limiting case unless
means are adopted to prevent the condition arising. This can readily be achieved by use of the carrier
energy dispersion techniques referred to in Recommend-tion 358 and Report 209, The use of FM with
carrier energy dispersal on the satellite system reduces the interference between satellite and line-
of-sight radio-relay systems sharing the same frequency banis.

Pulse-code modulation

Under conditions of light loading, 2 PCM system produces a multiple-line spectrum with
components spaced at 1/nt, where n is the number of bits per sample and t the bit duration. The
effect of loading is to decrcase the amplitudes of the line components and to fill in the spaces
between the lines. With n = 7, the maximum line amplitude is about 0.3 of the unmodulated carrier
power. In the absence of special precautions, the interference potential of lightly loaded PCM systems
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could be several decibels greater than th-t of FM systems (using carricr energy lispersal) of similar
capacity and performance. However, the interference potenti-1 of PCY systems can readily be minimized
by the use of modified coding techniques which avoid repetitive pattérns, such as one pulse in seved,
under Tight loading conditions. Altﬂrn«tlvnly, frequency modulation, at 2 Tow moiulating frequency,
could be zpplicd to spread the Mine" spectrum energy.

_ With regard to interference to PCH systems, it is tu be noted that such systems are, in
general, less susceptible to interference than Fif systems, and considerably less Tiable to interfercnce

_than SSB systems.

6.3

Single-sideband modulation

tn single-sideband emplitude-modulation systems, the total power of the emission may be
concentrated within a bandwidth of a few megacycles per second or less. It is to be noted that the
power in the spectrum of SSB emission gencr-ted by a given telephone channel is not spread over the
spectrum as in FM or PCM. There may thus be a risk of interfercnce from satellites using SSB
modulation to line-of-sight ratio-relay systems using Fi should an SSB signal fall into the effective
baseband of the radio-relay system unless limitations of Recommendation 358 are followed.

Jith SSB transmissions from earth st-tions, it should be p)3q1ble to avoid interference
to line=of- sight radio-relay systems by cu-ordination of frequency usage oA an ares hasis. For SSB
transmissions from satellites, however, area co-ordinztion is insufficient, and the need to limit the
power flux density at the earth's surface to a lavel such that'interferencé will not accur may preclude
the use of uncompan-ored SSB on the satellite-to-ground path, except for earth stations wherc large
antenna gain is available, '

Interference to reception in satcllites or at esfth stations may be more troublesome when
using SSB than when using othsr methods of modui~tion, e.g., FM an? PCM, which offer greater inherent
protection against interference.

For $SB reception ~t carth statisns, it should also be possihle to avoi? interference to
ling-of-sight r-1io-relay systems by frequency co-ordination on an aren h sis. For SSB reception in
satellites, howover, allowance must be made for the prssihility of line-of-sight radic-relay systems
using frequencies which fall within the SSB rCCCptiJn bands. Since not ~11 countries use the C.C.].R.
channelling arrangements for ling-of-sight radio-relay systems, it may be lifficult to avoid such
interference solely by choice of the SSB reception bands in satellites, =1though it may be roduced by
such an approach,

Conclusions

A theoretical comparison has been mnde hotween FM, PCM, SSB and composite methods of
modulation for use hy satellite communication systems; the conclusions will, however, need 13 be
verified by experiment. The conclusions drawn ~re summarized below. ' '
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7.1 Transmitter power requirements

In compzring the transmitter pawer requirements for the various methods of modulation, it
should be noted th~t low power at the satellite transmitter is of considerably more importance than
lower power at the earth stztion. The comparison shows th-t PCM systems require approximately the
same satellite transmitter power as FM systems of comparahle capacity and performance, the required
powers being of the order of 2 or 3 W for 2 satellite at an altitude of 10000 km. For SSB systems,
the mean power required for the satellite transmitter is some 4 db greater than the mean power.

These requirements for increased power handling with sufficient linearity, therefore, present a major
problem with SSB.

For satellitc transmitters handling severz] Fif or PCM multi-channel signals in a common
broadband amplifier, the psak power output must bhe increased hy several decihels to avoid amplitude
compression and cross modulation; this increase is smaller with PCM than with FM ¢n vicw of the
greater protection offered by PC' against cross medul-tion,

The powers of earth station transmitter for FM and PCM systems considered in this Report
range from about 100 W to 1 k¥W: these are practicable and reassnable requirements wall within the
scope of current technology. From the operational and economic asnects, the use of powers of ahout
1 kW at earth stations wauld not be considerad a seriosus Jisadvantage relative to the use of lower
powers. However, it is to be noted that in frequency hands shared with terrestrial radio services,
interference prablems would be eased by the use of low pawers a2t carth stations.

For SSB systems, mean powers of some 1 to 2 k% at earth stations would be needed, and the
transmitters must alsa he capsble of handling peak envelzpe powers some 12 ib greoter than these,
with sufficient linearity to mect the required overall performance standards.

The use of compandors might dppreciable reduce transmitter power requiremsnts hoth at carth
station ani at satellites, However, the usc of compandors will need further study by the C.C.I.T.T.

and C.C.1.R.

7.2 RF bhandwidth requirements

It would appesr, on the basis af this Reporf; that FY systems could provile up t: 1200 2ne
way telephone channels within a 50 Mc¢/s-wide RF channel.

PCH systems coul{ provide a capacity approaching 1200 telephone channels within a 50 Mc/s
bandwidth. The need to minimize the bandwi{th requirements for PCM suggests the use of vestigial
sideband phase-modulation of the radis carrier, with phase-modulation of + 900.

SSB systems could provide similar capacitics to the PCM or Fil systems referred to above,
i.e., 1200 telephone channels, in a much smalier RF bandwidth, of the order of 5 Mc/s.
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7.3 Hultiple earth-station operation

The main prodlem of multiple earth-station operation with a given satellite centres on the
earth-to-satellite paths, for which separate RF sub-channels are required from the individual earth
“stations to the satellite. Time-division multiplexing botween the varicus stations does not appear
" tc be practicable, due to the transmission delays which are different, and generally varying.

“Fif, PCiHl or SSB modulation could be used for the carth-to-satellite paths. With SSB
modulation, the RF sub-channels cculd be contiguous in frequency nd received in a common broadband
anplifier in the satellite, providod thot steps werc taken to correct the Doppler frequency shifts and
to adjust the relative levels, Uith FM and PCM, the sub-ch-nnels would need to be spaced in frequency
to avoid overlapping sidebands. The sub-channel signals could be received at the satellitc either
in separate narrcu-band amplifiers, or in = common broadband amplifier, The use of multtiple narrou-
band amplifiers in the satellite increases satellite complexity, but provides a convenient means for
level adjustment of the individual signals and far carrier Doppler frequency-shift correction; such
an arrangement also minimises the risk of interfersnce, including that due to malfunction of earth
stations. 1t does however limit the number of sarth stations in the coverage 2rea to the number of
narraw hand amplificrs in the satellite.

Fit, PCit or SSB could also be used for the satellite-to-earth paths: howeviur, the modulation
method chosen need not be the same as for the earth-to-satellite p-ths. The use of a single wide-
deviation Fif carrier, bearing FDY¥ signals corresponding to several earth stations, would enable
efficient, low-power RF transmitters to be used in satellites. The use of PCM on a similar single-
carrier basts appears to offer no marked advantage, and requires considerabie complexity in the

—satellite. Multiple-earpier tethniques using FN, PCY or SSB modulation are also possible, subject to
“the satellite transmitter power and linearity requirements referred ts ahove.

7.4 Interference aspects

These are more serious where they concern passible interference from satellite transmitters
te other radio services, e.g., line-of-sight radio-relay systems, and from other radio services to
reception in satellites, in shared frequency bands. The avoidance of such interference requires
world-uide, as distinct from area, co-ordination. With regari to possibla interferaonce from
satellites, wide-deviation systems such as FM with carrier energy Jispersal havé a marked advantage
over SSB modulation. With regard to interférence to reception at the satellite, PCM offers most re-
sistance and Fil has considerable protection, and SSB offers least protection.
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The practicability of FDM-FM techniques has been demonstr~ted, bath for the earth-to-satellite
and satellite-to-carth paths, by tho "Telst~r! and "Relay® tests. The extension of such technigues
to multiple-earth station operation appears to be scssible.

It has yet to be Jemonstrated that the hish degree of amplitude linearity required for
SSB operation with large numbers of telephone channels, hoth at earth station and satetlite trans-
mitters, can be achieved in practice be=ring in mind the necéssary high performance standards required.
This problem is particularly acute in satellite trznsmitters, where the numbers of telophene channels
are large and high efficiency is essentisl, bearing in mind the incroased poucr supplies and weight
involved if the efficiency is low.

Although the practicability of PCM techniques for the pravision of a large number of
telephone channcis has not so far been tested, there appears to be no reason in principle why such
techniques should not be efféctive, at least up to a hundred or so telephone chznnels on each
carrier. It should, however, be noted that PCM systems carrying = thousand telephone channels on a
single carrier may require the tronsmission of pulsss of some 2 x 107°s Auraticn through long
troposphsric paths; whether such paths arc sufficiently free from multi-path effects to permit
such transmission with the necessary standards of performance requires experiment~1 confirmation.

Need for further study

From the above conclusians it seems clear th-t ecach of the v-riosus mo{ulation systems dJis-

cussed has both advantdges and disadvantages. Since it is not yet possible to state .the requirements

for a preferred system, it is equal 1y not possible to state a preferred moful-tion system. It
appears desirable to draw the attention of the C.C.1.T.T. to the possible adventages of the use of
companiors on telephone circuits routed over cert~in satellite systems and the C.C.1.T.T. might be

requested to extend their stulies of the use of compandars to this particular field. It is pointed

out that in the case of multi-station oper~tion a given compressor may he associated with various
expandars. Further study is required of many ather factors, including composite modulation systems.
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REPORT 212*

COiiUN 1CAT ION-SATELL ITE SYSTEMS FOR
FREQUENCY-D [VISTON MULTIPLEX TELEPHONY AND MONOCHROME TELEVISION

Use of pre-emphasis by frequency modulation systems
(Question 235(IV)) ,
(Geneva, 1963)

The use of pre~emphasis in communicatijon-satellite systems for frequency division multiplex
telephony using frequency modulation results in a useful improvement in the signal-to~thermal noise
ratio in the higher frequency channels of the system and thus enables the space station transmitter
power requirements to be reduced.

The space station transmitter power should be kept as small as possible to minimize risk of
interference to the stations of other radio services sharing the same frequency bands.

A reduction in space station transmitter power would be advantageous from an economic point
of view, since it would reduce the pay load to be put into orbit and thus the size and cost of the
rocket launcher. '

The use of pre-emphasis for television could modify the energy distribution in the radio-
frequency emission of communication~satelljte systems in such a way as to reduce, substantially in
some circumstances, the possibility of interference between communication-satellite systoms and line-
of-sight radio-relay systems using the same or adjacent channels.

The use of pre-emphasis for television may also enable the effective frequency deviation of
the communication-satellite system to be increased, thereby improving the signal-to-noise ratio; however,
too Jarge an increase in deviation could offset the reduction of interference potential.

The use by different administrations of the facilities offered by communication-satellite
systems, including the shared use of space-station satellite repeaters, would be facilitated by the
use of an agreed pre-emphasis characteristic for such systems employing frequency medulation.

* This Report, which was adopted unanimously, has been brought to the attention of the Extraordinary
Administrative Radio Conference, Geneva, 1963.




Conculusion

In view of the foregoing, and of potential advantages to be gained be the use of pre-emphasis
in frequency modulation systems, it is considered that the preferred pre~emphasis characteristics for
frequency division multiplex telephony and monochrome television should be the subject of further

study.

{n certain experiments with communication~satellite systems using wide-deviation frequency
modulation the same standard pre-emphasis characteristics have been satisfactorily employed as those
recommended for terrestrial 1ine-of-sight radio-relay systems in Recommendation 275 for frequency
division multiplex telephony and in Recommendation 405 for monochrome television.
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REPORT 213*

FACTORS AFFECT ING MULT {-STAT [ON ACCESS
[N COMMUNICAT JON-SATELL ITE SYSTEMS
(Study Programme 235 E{IV))

{Geneva, 1963)

Introduction

Radiocommunication on a world-wide basis in the communication-satellite service must provide
ultimaté]y not only for independent working between individual pairs of earth station, but also for
multiple inter-connection betueen many earth stations. It is assumed that the communication-satellite
service will be capable of accommodating telephony, telegraphy, data, fa031m1le, teleV1s1on, and
perhaps other categories of usage.

For the purpose of this report, the term "access" will be used in the sense of the ability
of an earth station to join in and use a communication-satellite system. Multi-station access is a
property of the system itself and of how the system can be used by its earth stations. There are two
quite different ways in which communication satellites may be used by earth stations to provide inter-
connection. In the pa1red-termina] method any two earth stations may use a space station for two-way

[n the multi-station method, more than two earth stations may use a single space station as a point of
inter-connection, so that each of these earth stations may communicate with any or all of the remaining

. earth stations.

This report considers only the various teéhnidues applicable to communication-satellite
systems from the point of view of multi-station access. Specifically, the report does not consider
the practicability of achieving an economical, cperational system using any specific technique within
a given time frame., These are receiving extensive study at the present time. It is therefore too
early to draw any conclusions regarding the most appropriate system for a given set of circunstances.

General considerations

For multi-station access through a single space station, all earth stations must be able to
use the space statjon at the sametime. With non-stationary satellites, this requires that such
earth stations be capable of simultaneous hand-over, hence that their locations be within the area of
overlapping coverage of two sate}lites at the time of hand-over. With a stationary satellite, no
hand-over 1s required.

* This Report, which was adopted unanimously, has been brought to the attention of the Extraordinary
Adninistrative Radio Conference, Geneva, 1963,



e

- 154 -~

Service can be extended to adjacent areas served by another satellite through the use of
additional relays: e.g. by intermediate earth station relay, direct sateliite-to-sateliite retay, or
terrestrial systems.

Single=hop aspects

Two stations which are to be inter—connected must be within the "mutual coverage zone", which
is determined by the separation of the earth stations and the altitude of the satellite. Such a zone
also exists when additional stations must be inter-connected, but, in general, it becomes smaller as
the number of earth stationsand their separations increase,

To secure multi-station access on a continuous basis with non-stationary satellites, a "ney"

satellite must have entered the mutual coverage zone as the one in use moves out of the zone. Many
ingenious orbit arrangements: have been proposed to assure this. Since the mutual coverage zone becomes
larger as the orbit altitude increases, the number of satellites required to give continuous multi-
station access decreases with the higher orbits, and, for the stationary satellite, is continuous with
a single satellite,

Multi-hop aspects

~ Long routes may be between antipodal points of the earth, separated by a great-circle distance
of 20000 km. This distance is some 3000 km greater than the lcngest path possible with.even a station-
ary satellite, assuming 5 minimum elevation angles of the earth antennae. Such long paths will require
extension by means of terrestrial links, or the use .of twe or more satellite relays. In any case,
terrestrial links must be used to achieve interconnectability between earth stations and the parties
using the circuit.

For multi-satellite circuits, direct relaying between satellites is a future possibility.

However, with non-stationary satellites, the use of an intermediate earth relay station is probable
. at an earlier date. Such an earth relay station must be within the overlap area of visibility of two

suitably situated space stations. With stationary satellites, an earth relay station only would need

be within the fixed overlap area of visibility of its two.satellites. Earth relaying between stationary
satellites, for telephony, seems undesirable because the time delay over two hops would exceed the
tentative maximum values recommended by the C.C.l.T.T. However, the delay can be held within these
values by using terrestrial communication facilities in connection with a single stationary satellite
for such connections. '

Multiplexing and modulaticn adspects

When simultaneous access to 2 system is desired by a number of earth stations, channels can
be combined by using time division, frequency division, a combination of the two, or other methods
now undergoing evaluation. Frequency division may be achieved by various methods. Time division may
be achieved through digital methods such 2s pulse code modulation of delta modulation. Each of the
several methods or combinations thereof may be found advantageous for certain applications and conditions.
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In communication-satellite systems using low or medium altitude orbits the relative velo-
citijes of satellites are of different magnitudes and direction with respect to each earth station.
The resultant Doppler effects, at the order of frequency being considered, are large and variable and
need suitable correction,

For reasons of simplicity and reliability of the space station, taking into consideration
limitations in radio-frequency power and the need for suitable quality of transmission, the use of
frequency modulation both to and from the space station has merit. The space station can then be a
simple heterodyne converter which translates the received signal spectrum to another frequency band
for retransmission.

The use of frequency modulation is attractive for many reasons, such as its relatively low
transmitter power requirem nt, resistance to Doppler frequency shifts and ease of preserving satisfact-
ory quality of a multiplicity of voice channels. It also is a thoroughly understood and established
technique for line~of-sight microwave relay systems.

In relation to simultaneous access or interconnectability, it is impracticable for several
earth stations to use a common carrier frecuency for FOM-FM transmission to the satellite. Hence, each
earth station would frequency modulate its own RF carrier in a separate sub-channel, alt of which
would be received by the satellite. .If the satellite repeater is a linear frequency translator, these
sub-channels will be retransmitted to the earth station receivers for separation, individual detection
and subsequent selection of the -desired voice (or other) signals. An-alternate method involves signal
processing in the satellite, requiring selectionand detection of the RF sub-channels and translation
of their signal channels to a common baseband for FM retransmission with a single carrier frequency.
Such signal processing provides flexibility in accommodating traffic peaks, periodic traffic redis-
tributions .and signals having greatly different baseband widths.

In the case of a stationary system, Doppler-shift effects are minimized and SSB techniques
may be attractive. The maximum number of individual communication channels within 2 given bandwidth
can be obtained by single sideband techniques. However, the overall spectrum conservation achieved
by use of such a technique is a function of a number of system parameters besides the method of mod-
ylation.

Consideration is being given tc a system wherein the earth-to-space station transmissions
enploy SSB - FOM transmission and the space-to-earth station transmissions employ FOM-PM, this mod-
ulation change being accomplished in the sateliite without detection to baseband. Such systems would
add little complexity in the space station. Consideration might also be given to a system employing
SSB ~ FOM transmission in both dircctions at such time as increased radio frequency power becomes
available in space stations.

Time division multiplexing may offer the possibility of working with Tower power at the
expense of jncreased bandwidth. However, interleaving of pulses from several earth stations at the
satellite would require difficult synchronization techniques. Hence, such a time division system
appears less desirable than one employing frequency division.
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REPORT 214*

COMMUN ICAT JOM-SATELLITE SYSTEMS

The effects of Dopplar frequency~shifts, transmission

time delays and switching discocntinuities

(Question 240 (IV))

(Geneva, 1963)

introductfon

[n a communication-satellite system, the received signal will he subject to'one or more of
the following effects: '

- Doppler frequency-shifts due to the relative velocities betwesn s-tellite and earth stations;

- additional transmission-time-de];y1dde ts the total length of the ratio path being grester
than the terrestrial distance hetween earth stations;

= discontinuities of transmissicn time-delay due:to.the difference in the length between ralio
paths on suitching from one satellite to another.

The probable magnitude of these effects is discussed in this section, and the remainder of
the Report considers how various types of communication signals would be affacted.

Doppler frequency-shifts

The magnitude of the total.Doppler frequency-shift between the terminals of a communication-
satellite system depends upon the wave~lengths used and the relative velocities of the satellite with
respect to the earth stations. The major component of the ¢ffect of the Doppler shift, eeg. the shift
of the carrier or a referencc frequency >f the transmission, can be removed in the recciver and it is
the differential shift across the radio frequency spectrum occupied by the signz] that produces a fre-
quency "stretch® or "shrinkage" of the baseband signal. Depending upon the situation of the earth
stations and the orbit, the Dappler shifts between transmitting earth station and satellite ani also
between satellite and receiving earth station can either-add or sudtract. If 5000 km is taken as a
probable minimum orbital height for a communicatign sotellite, then the "stretch" or "shrinkage® of
the bascband signal will not exceed 2 parts in 10°. In most practical cases, the orbital height will
be gre-ter and the Doppler shift woul{ be considerably less than this, and in the particular case of
the stationrry satellite, there would be no significant Doppler shift. '

* This Repaort, which was adopted unanimously, has been hroucht to the attention of the Extraordinary
hdministrative Radio Conference, Goneva, 1963,
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1.2 Transmission time delay

Transmission time-delay in a communication-satellite system depends 1-rgely on the altitule
of the satellites and the number of earth~satellite-carth links, or hops, forming the cennection.

With staticnary satellites, the time delay is essentially fixed for a given circuit, but if
the satellites are-tn mstion relative to the earth, the delay will vary with time.

1.2.1 - Single~hop connections

a

stations are close together and the satellite is directly overhcad. The maximum possible time
delay (tpax) is cbtained when tho satellite’is at the horizon as .seen by both earth stations.
Thus, if h is the altitude of the satellite, r is the radius of the earth, and c.the velocity
of light, then let R = r + h, further lct 5 be the angle at the centre of the earth between the
directions of satellite and earth station. Then the time delay for the earth satellite path'is:

For a single-hop circuit, the minimum possible time delay (tgin) occurs when the two earth

t== @2+r2 - Rmcos & F

From this, the maximum and minimum time delays can he expressed as:

tyin = 2h/e
tgax = 2L (1+2r/h )
c

“The minimum fime d8Tay Tn practice wi'll beé slightly greater tnan tyjp Decause tne eartn
stations would naturally be some distance apart. Also, the maximum time delay would be rather less
than: tysx sirce the earth stations would not in practice work to =ngles of elevation less than perhaps
59, However, the above expressions give the mean time delay of a single-hop circuit and the passibtle
range of variation about this mean for different positions of earth stations with sufficient accuracy
for the present purpose. :

v To allow for the additional time delay in the terrestrial extensions from the satel]lite
system earth stations, it is considered reasonable to add a mean value of 30 ms with possible range
of variation of +20 ms. Appropriate values for total single-hop delay (one way ) for two representative
communication-satellite systems are thus derived as below: '
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TABLE |
One-way time delay {ms)

Moving satellite Stationsry satellite

(altitude 14,000 kn) (a1titade 36,000 kn)

ifin, Max . Mean Min. Max . iean
Betucen earth 92 128 10 240 280 260

stations =

Tail extensions 10 50 | 30 10 50 30
Totals 102 178 140 250 330 290

Fig. 1 gives the maximum one-way path time-delay and the maximum earth stytion separation
distance avainst satellite altitude.

1.2.2 ¥ultiple~hop connections

Consideration of the geometry of a communication-satellite system shows that the mean radio-
path defay will increase in proportion to the number of hips. The 2dditional delay assumed for the
tall extensions (30 + 20 ns) being the same for all cases, the following values are obtained.

TABLE 1

One-way mean time delay (ms) %

Number % Hoving sztellite % Stationary>sétcllite %
of hops (altitude 14,000 kn) : (altitude 36,000 kn) g
1 140 | 290
2 250 f 550
3 360 ; -
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© 1243 Variation in delay as a function of time

In a system using satellites in motion relative to the earth, the:delay on =any given .circuit
will be subject to a gradusl change arising from the varying distance between the satéilite and the
earth stations. |In a practical moving satellite system of the type referrcd to above, the range of
variation would not ordinarily exceed 20 ms per hop.

One method of eliminating, or st least minimizina this change is fo insert a variable time-
delay device in the signal paths at earth stations. The amount of time-delay thus inserted could
be controlled automatically to maintain the totai fime-delay constant at 1 value slightly greater
than the mayimum time-delay of the radio pnth,

1.3 Switching discontinuities

fn a moving satellite system, the time delay, due to p-th length, ch~nges when switching from
one satellite to another, the changes heing positive or negstive. The time differences when switching
from one:sateliite to another, would not be expected to excesd 40 ms, =nd in practice would be ex-
pected not to exceed about 20 ms. The use of the variable time-delay device referred to in §1.2.3 ahove,
could reduce these switching discontinuitics to negligihle proportions.

With a random satellite system, time may also be lost. due to non-availability of a satellite

at switch-over. Thisiwiil be a,:function of the number of satellites -nd their. orbits, : In the case of
the stationary satellite, the problem of switching does not occurs

2. Jelephony

2.} Doppler frequency shifts

tihen a baseband exceeding some hundreds of kc/s is used for the transmission of FDI telephony,
the "stretch® or "shrinkage" referred to in §1.1 would be quite unacceptable without further correction.

Possible methods which could be used for correction of this crror are:
~ a suitable variable time-delay device as mentioned in §1.2.3;

~  the carrier frequencies used in the frequency-division multiplex equipmenﬁ'qguld be auto~
matically controlled to compensate for the effects of Doppler shift and so reduce the over-
all.frequenpyherrors to acceptably small values,

The ffrst of these methodé,has the advantage that it would effectively cancel the errors re-
sultidg from the movement.of the satellite in a menner similar to th-t in which they are introduced
(1424, by change in time delay during the pass). This method would, therefore, also, eliminate all
the effects of Doppler shift on the baseband signals and by suit<ble arrangements could avoid switching
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discontiruities when transferring from the earth-st=tion antenna following a satellite at the end of
its pass, to another earth-station antenna following the next satellite of the orbital pattern. Con-
trol of the variable delay could be performed either by using predicted orbit information or on a serve
basis employing a pilot signal transmitted from the ecrth-stztion to the satellite and back to the

same earth-station (Mocal-lToop" arrangement ).

Aternatively, compensation for the v-riable delays could be located only at the receiving
end and controlled by pilot sidnals origin-ting at the distant stations. The Mocal-loop" method is
generally preferable, however, for the following reasons:

~ it would ensure th-t only the correct frequencies were received at the satellite. This
facility could be of particular importance for certain systems, for example, those using
closely-spaced channels or blocks of channels with single sideb~nd modul-~tion in the carth-
to-satellite direction;

~  Doppler frequency Ystretch® might to some extent be obvi-ted by splitting the receiving band-
width into appropriately separzted portions =nd providing independent compensations for the
blocks of circuits arriving from each of the other earth stations.

In the second method, the Doppler frequency "stretch" or Mcontraction" of the bascband would
need to he accommodated by adaptations of thé frequency-division multiplex equipment at each earth
station and the C.C.l.T.T. should, therefore, be requested to study this problem. The attention of
the C,C.1.T.T. should also be drawn to the special requirements of communic-tiin-satellite systems in
which each satellite would in gencral be used to relay signals from a number of carth stations. This
particular factor would appear to point the need for the C.C.1.T.T. to study methods involving control
of the earth-station frequency-division multiplex equipment either on a Mocal-loop" basis, as in de-
scribed under the first method above, or on a route-by-route basis.

Transmission time delay

The transmission time delay associated with satellite links is considerably greater than th-t
ordinarily experienced with terrestrial links. This increase in time delay as well as being a problem
in itself also increases the subjective effect of echo and may glve rise to complaints due to a contrast
between different calls made by the same subscriber.

2.2.1 Time delay

A maximum value of tolerable delay has been recommended by the C.C.I1.T.T. for ciréuits used
in international conrections. Studies carried out by Study Group Xi1 of the C.C.1.T.T., (Summarized
in Doc. 20 of Geneva, 1963) provisionally indicate th-t in the absence of echo, the maximum one-
way time delay on an ovarall telephone connection (between subscribers) should not excced 350 ms.
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With this limit, the use of communication satellite systems for telephony is restricted re-
specting the number of links which can be operated in tandem. It will be apparent from the Table
Il that not more than one link of stationary satellite systems may be included in such connections.
In a system of moving satellites, the permissible number of Tinks in tandem will depend on the
particular orbit characteristics. In some cases, the time delay can be held within recommended
Timits by a suitable combination of satellite and terrestrial links for telephone calls which other-
wise would be subjected to excessive time delay.

In order to make an approximate assessment of the relative proportions of telephone traffic
in a world-wide system which would be appropriate to single-hop, two-hop and three-hop connections,
a statistical analysis of postal data of 1958 was made and the results are given in Table [1i:

TABLE {11

Moving satellite Stationary satellite

(altitude 14,000 kn) (altitude 36,000 kn)
Number Mean g of Mean 7 of,
of delay totel delay total

hops (ms) traffic {ns) traffic
] 140 7 290 8
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 subjective effect on a telephonc sub-
scriber than a similar level of echo with less delay and it is common practice on terrestrial
systems for echo suppressors fo be included in the telephone circuits when the echo is excessive
Provided that a satisfactory echo suppressor is availazble the 1imits given in §2.2.1 may be approach=-
ed on overall connections. However, pending the availability of such echo suppressors a margin
should be allowed on thesc maximum values,

24243 Time delay contrast

Due to somewhat longer absolute delay in time which will be experienced on circuits employing
satellite links, a contrast between international telephone calls may be experienced. This con-
dition could be encountered as a result of the difference in propagation time delays on different
occasions when different facilities are employed. The time delays and the associated contrast
which could result on typical international circuits are indicated below:
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TABLE IV

Examplos of time delay on typical international telephone connections -

Totel length of Terrestrial Great circle Great circle Typiéa} one~
connection facilities distance be- distance be- way delay
(kn ) (kn) tueen earth tween earth (ms) (1)
stations using st-tions
a satellite at using station-
medium altitude | apy Sats.(km)
(km)
25,000 25,000 - - 125
25,000 10,000 15,000 - 34
(2-links )
© 25,000 10,000 - 15,000
(1-link) 325
7,000 7,000 - - 35
7,000. 1,000 6,000 - 137
(1-link )
7,000 1,000 - 6,000 280
(1-1ink)

Contrast in time delay'méy ocbasional]y also be signffiCant both as an annoyance to the
subscriber and as a factor in his ability to adapt to the very long delays. _
course, between terrestrial circuits and satellite circuits having the same subscriber terminal points.

This contrast is, of

_ v The effect of contrast between telephonc calls and the ability of the subscriber te adjust
to the long absolute delays in the presence of contrast is not known. Further study is required in

order that tolerable limits can be determined.

matter into consideration,

Switching discontinuities

It is recommended that the C.C.l,7.T. take this

Time differences during transfer from one satellite to anothar of up to perhaps 20 ms should
not cause difficulty with telephone conversations as thesc would occur only relatively infrequently.

Plhterferen;e, however, mioht be caused to high-specd telegﬁone signq}ling which could result in errors
‘but ‘are unlikely to add significantly to signalling errors duc to other causes.

(1) For terrestrial facilities, it is assumed that high velocity 4~wire plant will bredominate and
the amount of 2-wire plant will play a minor role in the over-11 connection. A velocity of
propagation of 200,000 kn/sccond has, thereforc, been assumed.
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3. Telegraph and data transmission

3.1 Doppler frequency-shifts

The effect of Doppler frequency-shifts will be insignificant in both telegraph and data
systems, carried by channels of a wide-band FDM telephony system, provided that the frequency error
due to the Wstretch™ or "shrinkage! of the baseband has been corrected.

3.2 Transmission time-delgy

Wihen one-way transmission only is iAvolved, time-delay would not be important. However, there
are cases shere the loop delay is significant, such as where automatic error correction must be applied.
Although the circuits provided by communication-satellite systems are unlikely to introduce significant
errors in data and teleghaph transmission, the earth stations may be linked to more distant terminals
by other communication systems, such as HF radio, which are susceptible to errors. In such cases, it
may be advantageous to apply error-correction to the whole circuit, including the satellite link. The
loop~delay time is then of importance cince it affects the amount of storage required.

The amount of delay which may be encountered on such composite circuits is indicated in”
§§1.2.1 and 1.2.2. The most common system of telegraph error-correction (ARQ) now in use, should,
when using an 8-character repetition 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 stationary system and may be requrred in
the case of three-hop moving satellite system.

Fordata systems which-use automatic repetition of-incorrectly received code blocks, the
storage capacity of the terminal equ1pment must clearly be made sufficient to accommodate the 1oop-
tzme detays

Telex or Gentex operation may be confronted with some difficulties as far as long distance
automatic selection is concerned: it is believed that this is a matter which C.C.!.T.T. should take
into consideration.

. The smooth variation of time-deray, arising'from the variation of path length, is unlikely
to present any difficulty on the transmission of either telegraphy or data.

3.3 Switching discontinuities

These discontinuities would affect any telegraph circuit using synchronous printing or error-
correcting systems in which terminal synchronization was raquired. At LOO bauds transmission speed,
for example, cach element of a 7-unit code would occupy 10 ms and, with a 2-channel system, it would
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be possible to "slip" 3 fraction less than half an element, say 4 ms, without loss of phase. The

values suggested in §1.3 are considerably in excess of this, so loss of phase might be expectad at

each switchovér., Present ARQ cquipment would automatically re-phase, and there would bé an interruption,
on an averade, of about eight sdconds. The Toss of about eight seconds of circuit time, while re=-phasing
takes place, at each switchover, will not be a serious disadvant-ge unless the switchovers are very
froquent. The Toss of phase at switching would not occur with station-ry satellite systems.

Switching delay differences of the order of 20 ms would he likely to cause one or possibly
more character errors in an unprotected 50-baud stirt-stop telegraph circuit. Since switching from one
satellite to another would occur only infrequently, such errors may be considzred to have only a slight
gffect on overall circuit performance,

The switching discontinuities of‘uh to perhaps 20 ms would affect data transmission by causing
errors to occur in one or more code blocks, loss of block phase. Provided the switching frod one
sateliite to another is fairly infrequent, the errors of the first type would not be serious, and would

in fact be similar to the effects of occasional switching or noise disturbances to be expected on normal

line circuits. The loss of block phase results directly from the time discontinuity and has no equiva~
lent in line systems. Block phase would thiis need to be re-established on drta circuits each.time a
switch from one satetlite to another occurs, unless means are adopted to compensate for the ‘delay dis-
continuity. However, if the switchovers are not unduly frequent, and re—phasing of the data transmission
system is arranged to take place automatically, the loss of circuit time due to this cause would not be

a serious disadvantage. :

4. Phototelegraphy

4‘]

Doppler frequency-shift

This will be insignificant in phototelegraphy systems carried by channels of an FDM telephony
system, provided that any frequency error due to the "stretch® or "shrinkage" of the baseband has been
corrected.

442 Time delay

. .The absolute time delay is of no importance, but the smooth variation will produce a "skew" on
the received picture to an extenf depending on the amount by which the delay varies during the time taken
to transmit the complete picture, which is of the order of 15 min., for equipment conforming to C.Cei.T.T.
standards and working at 60 r.p.m. in an operational communicotion-satellite system, the delay: var-
ifation over a 15 min. period is unlikely to exceed 10 ms, and this would result in a peripheral dis-
placement of the final scanning line from its true position by zbout 1% of the picture widths, This
amount of skew distortion would be acceptable in practice. It should be noted, however, that skcu

distortion can also arise from difference in drum speed between transmitting ond rsceiving terminal

equipments. The C.C.1.T.T, rocommends that the terminal equipments should be equalized to within a
tolerance of 10-5, which is equivalent to 2 change of delay of 10 milliseconds over a 15-min. period.
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in the most unfavourable circumstances, the delay variation of the satellite system could increase the”
effect of this speed difference and increase the total skew to about 3% of the picture width. However,
such an unfavourable combination of errors would be unlikely to occur frequently. The foregoing refers
to equipment conforming to C,C.1.T.T. standards, but is equally apptic-ble to other types of equipment
which provide similar definition standards, despite differences in transmission rate.

Switching discontinuities

The effect of these discontinuities would be to immediately displace (either in an advance or
a retard direction) any succeeding position of the picture relative to the pre-siitched position, For
equipment conforming to C.C.}.T.T. standards and using a drum speed of 60 rop.m., o time defay discontin-
uity of 20 ms would produce a displacoment of about 2% of the picture width, e.g. 0.5 cm displacement
in a picture 25 cm-wide. This displacement would be a serious defect in most pictures or in typescript,
meteorological charts, etc. With highor scanning rates, the displ-cement would increase in proportion.
The amount of such displacement that could be nccepted as tolsérable is of course 2 matter to be decided
in consultation with the C.C.t1.T.T. It secms likely, however, that switching discontinuities of thé -
order of 20 ns would produce unacceptable distortion in the majority of cases, and would, therefore,
need to be avoided, either by suitable delay-compens-tion techniques (see §1 2.3) or by arranging that
the picture transmissions occur outside of switching times. :

Television transmission

Doppler frequency~shift

The change in field frequency introduced by Doppler shift is very small. In normal monochrome
television practice, the accuracy of the field frequency at the programme source is likely to be the
liniting factor as far as disturbance to domestic reccivers is concerned and Doppler shift will not be
of concern.

While it may ultimately be dosircble to correct for the effects of Doppler shift on colour
television signals, initial tests with an experimental satellite system have demonstrated that standards
N.T.S.C. colour receivers using crystal controlled sub-carrier oscillators will operate satisfactorily
with the order of Doppler shift likely to be encountered in a practical communic-~tion-satellite system.

Transmission time delay

The trandmission time delays summarized in §1.2 will in no way linit the transmission Of
television signals, provided that the accompanying sound signals are subject to the same order of delay.

Only 2 small over-all time difference between sound and vision signals can normally be tol-"
erated before the sound becomes noticeably out of synchronization with the picture. It is, therefore,
desirable that in a communication-satellite system, facilities should be provided to enable the vision
and accompanying sound signals to be transmitted together over the system.
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5.3 Switching discontinuities

. Switching from one moving satellite to the next is very similar to and will generally produce
the. same effects, as switching between "non-synchronous! programme sources, and can result in temporary
disturbance to .the receiver field time~hase.

The actual time over which the disturbance eXists will vary in practice depending upon the ‘
relative phase rclatlonsh1p at the moment of switching, but will normally lie between 0.5 and 2. 0 seconds.

The change in transmission time delay on switching may introduce a small discontinuity in
sound signal which, although noticable, should not be disturbing.

As switching in a satellite system will be infrequent, the effects on both vision and sound
signals should not prove too serious. :

Summary

The significance of transmission time delay, Doppler frequency=-shift and switching discon-.
tinuities in communication-satellite systems varies with the type of service or signal transmitted,
and with the characteristics of the satellite orbit. In general, station-ry sitellites are not expected
to introduce significant Doppler frequency-shifts or switching discontinuities, but i1l introduce sub-
stantial transmission time debuys. “Moving satellite systems will introduce greater Doppler frequency-~
shift and switching discontinuities, but will ~fford lower transmission time delays per satellite link.

The major component of the Doppler frequency-shift c»n be removed in the radio-frequency re-
ceiver, but there will remain a "stretch® or "shrinkage! of the baseband spectrum due to differential
frequency shift. The effect on monochrome television will be insignificant and the effect on colour
television will probably be tolerable. In tetephony, with the general use of broad-band single side-
band multiplexing techniques, the changes in baseband spectrum (differential Doppler) will require
compensation in the form of time delay equalization of the entire boseband or of automatic control of
the carriér frequencies used in the multiplex equipmen.. It is felt th-t such compensation is feasible.

"~ Telegraph, data and phototelegraphy services which are transmitted over ch- nnels adequately correutud

for télephony should not require any further consideration of Doppler effects.

" Transmission time deldy need not be of concern for services utilizing uncorrelated one-uay
channels, e.g. television alone. phototelegraphy, and those telegraph and d-ta systems not requiring
error correctlon. Telegraph and data systems with automztic error correction may require adaptation
in order to cope with the time delays of communication by sate]lltes, which will ordinarily be greater
than encountered on other transmission media. In the case of t:levision with an accompanying sound
channel, which is the usual case, precaustions will be required to see that their rel:utive transmission
delays are within acceptable values. Transmission.of the vision signal and sound signal over the same
satellite system is desirable.
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Transmission time delay takes on added significance in the case of telephony. In the
absence of echoes, C.C.1.T.T. studies indicate th-t an overall round-trip delay of 700 ms between
subscribers (350 ms one-way) should be the maximum allowed. However, satisfactory operation of
practical circuits having 700 ms loop delay is conditional upon the development of hetter echo sup-
pressors ‘than are currently available. Consequently, communication-satellite links, or combinations
of links, yielding overall loop delays approaching 700 ms should be considered with caution.

Subscriber tolerance of the contrast between the relatively long time delays of satellite
circuits and the shorter delay of circuits over conventional facilities requires some consideration.

The switching Jiscontinuities estimated for practical moving satellite systems will occur
sufficiently infrequently amd be of short enough duration to be considered tolerable {or correctable
with supplementary equipment) for all of the services reviewed.

The attention of the C.C.i.T.T. and the C.M.T.T. is drain to the problems which may arise
in communication-satellite systems due to Doppler fregiency shifts, transmission time delays and
switching discontinuities; the C.C.1.T.T. with regard to telephony, telegraphy, phototelegraphy and
data transmission and the C.M.T.T. for television transmission, including the related sound channel.
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3. Direct broadcasting frem satellite

REPORT 215*

FEASIBILITY OF DIRECT SOUMD AND TELEVIS|ON BROADCASTING‘
FROi SATELL ITES
(Question 241 (IV))

{Geneva, 1963)

ntroduction

The large coverage area possible from a satellite-borne radio transmitter raises the
possibility of establishing a broadcasting service direct to the general public despite the major
technical problems that would need to be resolved. In this case, an earth station transmitter
would direct programme material fo the satellite, which in turn would broadcast-this over a wide
area to individual home receivers, by either passive or active techniques. This Report js based
on documents 1-4 appearing in the Bibliography. : :

Communication satellite systems used to relay programme material to earth stations for
subseguent broadcast are not considered to be a space broadcasting system and are not, therefore,
discussed in this Report.

2. Preferred satellite orbits
Table | shows the amount of broadcasting time possible for different orbits, and the
approximate coverage area possible from each of these orbits.
TABLE 1
Satellite altitude - Passes per Visibility Coverage areé_for maximum
. day over a per pass broadcast period (degrees
(km) statute wiles given point (minutes) of longitude at the equator.)
320 200 16 9 16° for 5 min. programme
1 600 } 000 12 24 289 for 15 min. programme
8 000 5 000 4 126 60° for 1 h. programme
36000 22 300 “statienary continuous 1609 continuous

This Report, which was adopted unanimously, has been brought'to the attention of the Extraordinary

Administrative Radio Conference, Geneva, 1963.
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There are a variety of orbit possibilities for communication satellite systems, but the
desirability of relatively simple receiving antennae for home reception and of uninterrupted
broadcasting, preclude consideration of all but staticnary satellites using the synchronous orbit,
36 000 km (22 300 miles) above the earth. Low orbits are considered to be unsatisfactory for
satellite broadcasting because they do not permit uninterrupted broadcasting, and would require
complex tracking antennas with home receivers.

More than a third of the surface of the earth (see Fig. 1) would be visible from a single

stationary satellite, and this would permit the use of fixed antennae at home receiving installations,
and at earth station transmitters used to transmit programmes to the broadcasting satellite.

Preferred technical characteristics

Compatibility with existing terrestrial broadcasting systems and standards

It appears that a major consideration in direct broadcasting from satellites would be the
.arge number of earth station receivers (heme receivers) which might be used to receive such
broadcasts. This would suggest that space broadcasts should be received on typical home receivers
in preferably the same manner as conventional terrestrial broadcasts are presently received, and
that the technical standards for broadcasting-satellite systems should be compatible with existing
standards for the terrestrial broadcasting service.

] Since technical standards vary in different areas of the world, additional circuitry may

be required in home receivers to achieve compatibility when more than one set of technical standards
are in use in the area in which space broadcasts can be received from a satellite. Such circuitry
should enable the selection of the appropriate technical standards to be made by simple adjustment
of the receiving controls.

Frequencies for broadeasting-satellite systems.

Direct broadcasting to hcme receivers, with minimum modification to the latter, would
require that space broadcasting take place in bands a2lready allocated to the broadcasting service
in the Radio Requlations {Geneva, 1959).

It is considered that the effects of the ionosphere preclude uninterrupted direct. broad-
casting from satellites in bands 5, 6 and 7. While the broadcasting service allocations in bands
8 and 9 are propagationally suitable, their use for space broadcasting would require time and/or
area sharing, since channels in these bands are presently assigned heavily throughout most of the
world on a planned basis. Use of these bands for direct satellite broadcasting raises frequency
sharing problems which require further study by the C.C.1.R. While band 10 is technically suitable
for space broadcasting, nevertheless there is no terrestrial broadcasting in this band at present,
and home receiving equipment is not available [ 4 /.

For greatest efficiency it appears that the earth station transmitter sending programmes
to the satellite should operate in an appropriate communication-satellite service band between
1 and 10 Ge/s, or higher.



4.1

4.2

. UOrder of power

Passive stationary satellite

Reference_[f[:7 considers a stationary satellite in the shape of 2 rectangular trihedron

‘100 meters in diameter as a passive reflector of radio broadcasts. Such 2 satellite would provide

a uniform received field of ImV/m throughout an area of the size of France if the transmitted

power directed to the satellite from the earth is 30 ¥, and the diameter of the earth transmitting
antenna-is-8400 A . If one were content with a-received field of 0.1 mV/m, the transmitted power
required would be of the order of 300 kW. .

Active stationary satellite for FM sound broadcasting in band 8.

Reference [ 2/ contains calculations for the order of satellite primary power that would
be required for FN sound broadcasting in band 8 from an active stationary satellite. Examples
are given for the case of maximum coverage (approximately one-third the surface of the earth) and
for limited geographical coverage (approximately the size of Europe). A similar example for the
coverage of North America is given in / 37/

Table 11 summarizes the results given in /27 and [ 37/. The primary power requirements
shoun have been computed by the method in Reports 65 and 112 and Document No. {V/57 of Washington,
1962. The primary power requirements are those necessary for producing at the receiver terminals,

"2 level equivalent to that obtained with a dipole in a received field of 50,u V/m as contained in

Recommendation 412. They do not take into account jonospheric or atmospheric absorption, terrain
effects, or power required for satellite equipment other than the broadcast transmitters.

TABLETY

Primary power requirements for FM sound broadcasting in band 8

r T

Ti:;?;ge | Europe f North Ameriea
Required pre~detection signal-to—noise ratio (db) 26 : 26 v 26
|Required signal power (dbH) oAl -115 -115
Receiving antenna gain (db) é 6 6 B
Half-power beamwidth of transmitting antenna (degrees) 17.5 ! 5.5 10
Diameter of parabolic transmitting antenna : 12.5 . 40 20

Gain of transmitting antenna (db) 19.3 29.4 23.6

Required transmitter power (W) ‘ 550 54 205
Primary power required based on 50% efficiency (W) 1100 ‘ 108 410




- 174 -

4,3 Active statjonary satellite for television broadcasting in bands 8, 9 or 10

Reference ZjZ:] contains calculations for the order of satellite primary power that would
be required for television broadcasting in bands B, 9 or 10 from an active stationary satellite.

Table |1} summarizes the primary. power required for maximum visible coversge (approximately
one-third of the surface of the earth), while Table IV summarizes the requirements for coverage of
a linited geographical area (approximately the size of Europe). The power requirements shoun do
not take into account jonospheric or atmospheric absorption, terrain effects, or power required
for satellite equipment other than the broadcast transmitters.
estimating the power requirements are given in Appendices 1 and 2 of [:Z:] and the required powers
have been computed by the method in Reports 65 and 112 and Document No. 1V/57 of Washington, 1962.

TABLE [}

Primary power requirements for maximum coverage,

television broadcasting in bands 8, 9 or 10.

The specific parameters assumed in

Band 10

3
{
el

Band 8 Band 9

{Frequency (lic/s) 0 650 1 800
‘Assuned ratio of beak carrier to r.m.s. noise (db) 30 30 30
Required signal power (dbW) 97,2 ~94.1 -102.8(])
Receiving antenna gain (db) 6 15.2 38.8
Half-power beémwidth of transmitting antenna (degrees) 17.5 17.5 17.5
Diameter of parabolic transmitting antenna (metres) 17.9 1.9 0.1
Gain of transmitting antenna {db) 19.3 19.3 19.3
Required vision transmitter power (ki) ' 17.4 427 14
Required sound transmitter power (kW) 4,3 107 18.5
Primary power required based on 50% efficiency (k¥) 43,4 1 068 185

(1)

part of the receiving antenna.

Based on the assumption that the front end of the receiver will be

designed as an integral

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































