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IN T R O D U C T IO N  BY T H E C H A IR M A N

1. Background

1.1 The C C IR  Interim  W orking Party (IW P) P L E N /3  was established as successor to  IW P  P L E N /2  in
accordance with R esolution No. 70 o f  the X lV th  C C IR  Plenary Assembly, K yoto , 1978 (A nnex to the In tro d u c
tion). The IW P P L E N /3  was required  to  update  and  revise the IW P P L E N /2  special repo rt on  “Possible 
broadcasting-satellite systems and  their relative acceptability” , taking in to  account the experience o f  adm in istra
tions, developm ents in the field and  conclusions o f the concerned Study G roups o f C C IR , particu larly  S tudy 
G roup  11.

1.2 The first series o f m eetings o f IW P P L E N /3  were held in G eneva from  16 to  23 O ctober 1980.
R epresentatives o f  17 adm inistra tions and  o f the C C IR  and  G eneral Secretariat o f  IT U  participated . The m eetings 
considered the d irect inputs to the IW P  from  adm inistra tions and  also the docum ents referred to  it by the In terim  
M eetings, O ctober 1980, o f Study G roups 10 and  11 and  established guidelines and  a program m e o f  w ork for 
dealing w ith its tasks. An im portan t decision o f the m eetings was th a t the updating  o f the IW P P L E N /2  report 
and  its addendum  should be in the form  o f  fully integrated and  revised texts for the various chapters. The 
m eetings also agreed tha t the w ork o f p reparing  the d raft revised texts o f  the various ind iv idual chapters, as per 
the guidelines, should be assigned to  representatives o f designated, partic ipa ting  adm inistra tions. The d raft texts 
were circulated fo r com m ents and considered further by IW P P L E N /3  a t its final meeting.

1.3 At the final series o f m eetings held in G eneva from  7 to  16 O ctober 1981, the d raft revised chap ter texts
and  com m ents thereon were considered by IW P P L E N /3  along w ith the docum ents referred to  it by  the F inal 
M eetings (Septem ber-O ctober 1981) o f Study G roups 10 and 11. The texts as finalized and  adop ted  by 
IW P P L E N /3  are presented in this report.

2. Some significant features of the report

2.1 The decisions o f the W ARC-BS-77 and  W ARC-79 have necessitated substan tia l revision of, and  additions
to, all the chapters o f the IW P P L E N /2  report. The position regarding frequency allocations to  the BSS
(broadcasting-satellite service) as per decisions o f  the W ARC-79 including the designation o f  specific frequency 
bands for feeder links, is presented in a consolidated  m anner. Reference has been m ade also to  the decisions o f 
tha t Conference concerning the BSS (sound). C hapter 5 o f the IW P P L E N /2  report covering opera tional 
requirem ents o f adm inistra tions has been deleted in its entirety since the p lan  (12 G H z band) adop ted  for 
Regions 1 and  3 by the W ARC-BS-77 and  the p lan  expected to  be adop ted  for Region 2 at the R egional 
A dm inistrative R adio C onference 1983 w ould fully reflect the requirem ents.

2.2 C hapters 1 and  2 o f  this report reflect the very considerable progress m ade in the technology o f  bo th  the 
space and  ground segments for the BSS, particularly  in the 12 G H z band . C hap ter 5 gives sim ilar relevant 
in form ation  concerning the fixed-satellite service (FSS). A sum m ary o f the various p lanned  and  opera tional 
systems for the BSS and  FSS has also been presented in C hapters 1 and  5 to  assist the reader in getting a quick 
overview o f the approaches adopted  by the different adm inistrations and  organizations. C hap ter 3 takes full note 
o f  the conclusions o f the C C IR  Study G roups, particularly  Study G roups 10 and  11, as also the decisions o f  the 
W ARC-79 in regard to  com patibility  o f  BSS with other systems. C hap ter 4 gives, in essence, a m ethodology for 
system synthesis and cost estim ation o f  broadcasting-satellite systems including a step-by-step sequence o f  actions 
to be followed. The trade-offs involved and  the constrain ts that may operate, in  practice, in adop ting  unified  cost 
op tim ization  o f the space and  ground  segments when there is need to  procure hardw are from  d ifferent sources 
have been brought out.

2.3 A ppendix I sum m arizes the developm ents relevant to  the BSS in the U N  C om m ittee on Peaceful Uses o f 
O uter Space and  U N ESC O . Essential inform ation  concerning radio  regulatory aspects has been added. A ttention 
has also been draw n to the im portance o f the developm ent o f  hum an resources th rough  an adequate program m e
o f train ing. The roles o f the ITU  and  U N ESC O  in this regard have been brought out.

3. A ppendix II is reproduced from  the report o f IW P P L E N /2 .

Chairman  o f  the IW P P L E N /3  

T. V. S R IR A N G A N

Note fro m  the C C IR  Secretariat. — All references w ithin this report to  C C IR  R ecom m endations and  R eports 
refer to  the 1982 edition, unless otherw ise noted, i.e. only the basic num ber is shown.
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A N N E X  TO C H A IR M A N ’S IN T R O D U C T IO N

Res. 70

R E SO LU T IO N  70

UPDATING OF THE TEXTS OF THE SPECIAL REPORT 
ON POSSIBLE BROADCASTING-SATELLITE SYSTEM S  

AND THEIR RELATIVE ACCEPTABILITY

(1978)
The C C IR ,

C O NSIDER IN G

(a) tha t various aspects o f broadcasting-satellite systems (BSS) are being studied by the ITU  and other
institu tions o f the U nited N ations, each w ithin the lim its o f its own field o f com petence;

(b) th a t technical and econom ic factors influence the choice o f  systems;

(c) th a t these considerations continue to be o f im portance for all countries;

(d) tha t the outcom e o f the W ARC-BS-77 provided a firm  technical basis for the p lanning  o f BSS in the
12 G H z band ;

(e) th a t countries are already engaged actively in the p lanning  and im plem entation o f BSS for regular,
opera tional service for which, in som e cases, the G eneral Secretariat through the Technical C ooperation  
D epartm en t is providing advisory services;

( f )  tha t the IW P /P L E N /2 , established by the X llth  C C IR  Plenary Assembly subm itted the Special R eport on
“ Possible Broadcasting Satellite Systems and  their Relative A cceptability” to the X lV th Plenary Assembly;

(g) th a t various C C IR  Study G roups, particularly  Study G roup  11, will be conducting studies relating to
broadcasting-satellite systems during the next Study Period, which will have a considerable im pact on the technical 
m aterial in the Special R eport;

(h) th a t there is need for the m aterial contained in the Special R eport to  be kept up to date,

UN A N IM O U SLY  DECIDES

1. that a new Interim  W orking Party (IW P) P L E N /3  be established for updating  the texts o f the Special
R eport taking into account the experience o f A dm inistrations, developm ents in the field and  conclusions o f the
Study G roups o f C C IR , particularly  Study G roup  11;

2. tha t the Interim  W orking Party should be com posed o f Representatives appo in ted  by the A dm inistrations
o f G erm any (Federal R epublic of), Brazil, C anada, Spain, U nited States o f Am erica, France, India, Iran , Italy, 
Jap an , Panam a, U nited K ingdom , U.S.S.R., together with the chairm en o f the Study G roups concerned as well as 
an observer each from the G eneral Secretariat and  the IFR B ;

3. tha t the C hairm an o f the IW P shall be a representative o f the A dm inistration  o f Ind ia;

4. th a t the IW P shall conduct its work essentially by correspondence with the assistance o f the C C IR
Secretariat;

5. tha t A dm inistrations are urged to m ake available to the chairm an o f the IW P inform ation which will assist
in the task o f the IW P;

6 . tha t the C hairm an o f the IW P should subm it to the XVth C C IR  Plenary Assembly, the updated  texts o f
the Special R eport;

7. that this Resolution be brought to the atten tion  o f the interested organizations in the U nited N ations.



3

C H A PT E R  1

BROADCASTING-SATELLITE SYSTEM S (TELEVISION AND SO U N D )

1. Introduction

To achieve econom ic and technological growth, developing nations m ust face num erous problem s in m any 
fields; education, agriculture, com m unications, fam ily p lanning, etc. To tackle these problem s speedily, there is a 
prim e need to im prove m ethods o f com m unicating the inform ation to  those who need it most. O f the various 
m edia, such as films, new spapers, radio , etc., television has been found to be the m ost effective, as it substantially  
enhances the im pact as well as the capacity  to com prehend and retain the subject m aterial. In m ost developing 
nations television networks are under-developed and  in some cases, non-existent. Recent technological advances, 
however, indicate a new possibility o f  m aking television available over vast areas by m eans o f  broadcasting  
satellites.

W hen planning  the in troduction  o f broadcasting-satellite systems, it is also im portan t to evaluate 
alternatives o f im plem enting broadcasting  netw orks, nam ely, systems com prising broadcasting  satellites, com bined 
systems o f broadcasting  satellites and  terrestrial b roadcasting  networks, and so on. It is also essential to  com pare 
the above alternatives, and  the terrestrial netw ork, from  the view point o f technical feasibility, econom ics and  
acceptability.

2. Features of a broadcasting-satellite service

The m ain features which m ake satellite b roadcasting attractive are:

2.1 Rapid introduction o f  the service

A national terrestrial b roadcasting  system is a com plex undertak ing  and , depending on the extent o f the 
area to  be covered, involves a large num ber o f transm itters, an tennas and  an ten n a  towers, num erous studios and  
miles o f  intercom m unication radio-relay systems. Even in the m ost industrially  advanced areas o f the w orld, a 
considerable tim e was required before the service approached  nation-w ide coverage. It is difficult to  believe tha t 
the developing countries can attain  in the near future a rate o f grow th com parab le with th a t in developed areas. 
L im itations o f productive capacity, availability o f trained  personnel, the large investm ent involved and  the
necessity for sim ultaneous developm ent o f both  the broadcasting and  the com m unication  industries tend to
im pede the growth. In such parts o f the world, using terrestrial m eans, a period  o f 10 to  20 years to  attain  a 
nation-w ide service appears m ost probable.

In contrast, satellite broadcasting  offers a m ethod for quickly covering all parts o f the country. Some four 
to five years would be needed to produce the first operational satellite un it, if  adequate resources and  other 
facilities were available. Thereafter, add itional service areas could be provided a t a rate determ ined solely by the 
scheduled production o f receivers, suitable for reception o f program m es from  the satellite. N ation-w ide coverage 
o f such countries as Brazil, Indonesia, Ind ia  and N igeria would thus be possible in a relatively short time.

2.2 Potentially low cost o f  covering large areas

Terrestrial television service is usually in troduced first in the larger cities. F requently, the establishm ent o f 
a television service in an urban  area m ay cover a substantial p roportion  o f the population . The service usually 
expands progressively to cover the rest o f the country. After several years, when m ost o f the populated  areas have 
been covered, a stage is  reached when the installation  o f an additional transm itte r w ould only increase the 
coverage to a very low degree in respect o f  the num ber o f population  served. It is therefore clear tha t the cost o f 
provid ing  a service per receiver w ould continue to  increase exponentially  as coverages o f say, 90% and  over are 
approached . W hile this may be typical o f m ost situations, individual and  specific needs w ould, in practice, require 
a m ore detailed appraisal.

The cost considerations for satellite coverage differ considerably from  the above. A fter the initial large 
capital outlay, the satellite service would reach all receivers w ithin its foo tprin ts, provided they were equipped 
with suitable an tennas and adapters.

Variations in signal strength also have cost im plications. W eaker signals m ay be acceptable in suburban 
and  rural areas where m an-m ade noise and build ing absorption  are lower and  where m ounting an an tenna 
ou tdoors does no t present any problem . For such types o f  service a satellite m ay prove to be less expensive.
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2.3 Potentially more efficient use o f  frequency

The strength o f a rad io  signal decreases with distance from  the terrestrial transm itter and  eventually 
becom es so low as to be unusable. In a practical sense, for terrestrial television services in bands 8  and 9, this 
d istance is about 80 km, assum ing an average an tenna height o f 150 m and  an e.i.r.p. o f 50 kW  in the lower part 
o f  ban d  8 , 100 kW  in the higher p art o f band  8  and 1000 kW  in band  9. However, even at that distance, the 
signal can cause interference to stations operating  in the sam e channel. The geographical separation between 
sta tions operating in the sam e channel m ust be larger. To cite an exam ple, it is reported  that, in the U nited States, 
the curren t allocation p lan  for ban d  9 allows 30 to 40 stations per channel. This num ber takes into account 
co-channel and adjacent channel interference, the location o f cities, the need o f neighbouring countries and 
varia tions in propagation . Each station  has an effective coverage o f about 25 000 km 2 so tha t each channel covers 
approxim ately  770 000 km 2. To provide such a program m e to the entire U nited States, a m inim um  of ten 
television channels in band  9 are required, if a terrestrial system is used. In contrast to this, a single 
broadcasting-satellite system could provide the sam e coverage at a saving in frequency occupancy o f 1 0 / 1  if  the 
sam e type o f m odulation  is used. It is o f course true that satellite and the terrestrial services are no t exactly 
com parable. The ten-channel terrestrial service can carry any num ber o f independent program m es or a single 
program m e or any other com bination , but the single frequency available from  a satellite w ould be lim ited to a 
single program m e channel. However, if  national coverage is desired, it is clear that the satellite has an advantage 
in the use o f frequencies.

3. The pattern along which a broadcasting-satellite service may be planned

The lines along which the pattern  o f b roadcasting  should be p lanned  in any developing country cannot be 
evaluated w ithout reference to the national setting, the contours o f social, cultural and econom ic life, linguistic 
groups, levels o f receptivity and  em otional outlook, viewing habits and  time. The production  o f program m es on 
equitable bases to meet the diverse needs o f various segments o f society is indeed a com plex task.

The audience pattern  in each country  m ay be different. This is dependent on such considerations as living 
conditions, vocations, socio-econom ic factors, religious and  personal philosophies and  lastly, but m ost im portan t 
o f  all, d ifferent linguistic groups. Therefore, each country m ust evolve the system best suited to its needs in the 
context o f its cultural and  national life. The follow ing aspects m ust be taken into account:

— existing television services,
— size o f audience,
— coverage area,
— languages,
— num ber o f alternative program m es,
— num ber o f video and sound channels,
— facilities for program m e generation,
— location o f centres,
— links to earth stations,
— hours o f viewing,
— differences in tim e zones.

As can be foreseen today, satellite b roadcasting  should com plem ent terrestrial broadcasting. In program m e 
services, m ost countries m ust meet the needs o f a wide cross-section o f the population . If  the pattern  o f such 
services is exam ined, it will be found  that it m ust be adjusted to satisfy differences in social and  econom ic 
conditions, social structure, level o f receptivity, languages, educational infra-structure, including curricula, 
agro-crop patterns, etc. Hence, both from  the psychological and the practical points o f view, if a television 
program m e is to be effective, it m ust evolve directly from  its environm ent. The program m es should be based on 
regional needs. In geographically very small countries, a unified program m e m ay suffice, but in general m ost 
countries have to think in term s o f several program m es, for which originating centres for local program m es are 
necessary. The satellite system m ight not wholly respond to this need, but it could:

— be responsible for b roadcasting a com m on national program m e,
— m ake television signals available in areas where coverage by a terrestrial transm itter is precluded.

H ence, taking into account the program m e needs o f a country, a com bination  o f terrestrial and  satellite 
b roadcasting  m ust be evolved. Econom ic cross-over points will have to be studied to see the degree o f 
developm ent necessary in either direction. Some o f the im portan t aspects m entioned above, which are un ique to 
each country , are discussed in the follow ing:
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3.1 Languages

In  m any countries, m ore than  one language, in addition  to several d ialects, is spoken. Even if  a single 
language is taken to  be the national one, others m ay be prevalent w ith their ow n scrip t and  literature. Ind ia  is one 
o f the extrem e cases with 15 languages and  num erous dialects recognized by the C onstitu tion . In  Ind ia, rad io  
program m es are broadcast in 2 0  languages.

3.2 Num ber o f  alternative programmes

The purpose o f television p rogram m ing  in  general is to  inform , educate an d  entertain . The in form ative and  
educational parts might, however, be expanded into social and  educational influences covering several aspects, 
such as:

— dissem ination o f news and  inform ation  concerning local, national and  in te rna tiona l affairs;

— focusing atten tion  on national issues, social and  econom ic problem s and  those o f  national developm ent;

— aiding national cam paigns in p roblem  areas such as agricultural p roductiv ity , fam ily p lann ing , health  and  
hygiene, etc.;

— prom otion  o f functional literacy and  vocational skills;

— supplem entation  o f institu tionalized  education and  contributions to  school an d  adu lt education , if  necessary 
by expanding the existing curricula;

— train ing  o f  teachers and  provision o f refresher courses.

The list could be lengthened further, taking account o f the separate needs o f  u rban  and  ru ra l viewers, 
factory workers, cultivated persons, etc. In  a large netw ork, a national p rogram m e w ould be required , in add ition  
to  the local regional program m es. All these w ould call for num erous program m e channels and  each country  could 
then “cut its coat according to  the clo th” . This could be achieved, either on  a  tim e-sharing basis, o r w ith a 
separate transponder in the satellite.

3.3 Size o f  audience

In p lanning  a television service it is im portan t to  identify the audience in  term s o f  key considerations such 
as w ho is to  be served, where and  when, to  m ake precise program m e patterns. U rban  com m unities m ay be 
expected to possess a large num ber o f individual receivers, from  w hich revenue can be derived from  receiver 
licences. However, in m ost o f the developing countries a large m ajority  o f  the ru ra l popu la tion  canno t afford  to  
own television receivers, and  this em phasizes the role o f television as a social service. H ence, it is necessary to  
trea t such an audience as a special case and  to  provide a rura l em phasis to  as m any television program m es as 
possible; com m unity viewing may have to be arranged.

It does no t, however, follow  tha t the entire rural com m unity m ust be served im m ediately. In  m any 
countries, there are village com m unities so far beh ind  in overall developm ent th a t other avenues o f  progress 
canno t be supplan ted  by television: here infra-structure investm ents and  services such as roads, com m unications, 
m edical and  social services and  education  have priority . It m ust be evaluated  practically  w hether television w ould 
m ake a difference if  it were to take priority  over other essential developm ents. As a guideline, indices such as the 
num ber of post offices and  the num ber and quality  o f schools should  be considered in o rder to  m ake this 
evaluation in rural areas. Such an assessm ent is essential, particularly  in areas w here resources are lim ited.

3.4 Location o f  program m e centres

The location  o f program m e centres m ust be determ ined, tak ing  linguistic, cultural, social and  econom ic 
considerations into account. Each distinct group should be provided w ith a p rogram m ing  centre. O nly then could 
a p roper variety o f  program m es be available for d issem ination to  a large area by the satellite.

3.5 Linkages

The provision o f suitable links between the program m e orig inating  centres and  the earth  sta tion  
transm itting  the program m e to the satellite will require careful p lanning . These links w ould norm ally  be provided 
by coaxial cables or radio-relay systems. In m ost countries, such links are p rov ided  by the public te lecom m unica
tion  system. However, where the d istance between the program m e orig inating  centre and  the earth  station  is sm all 
(say up  to 50 km ) which can be spanned  by a single radio-relay system w ithout the need for in term ediate 
repeaters, the broadcasting  organization  could consider the establishm ent o f its ow n radio-relay  system.

3.6 Hours o f  viewing

The viewing hours for u rban  and rural popu lations m ust be considered separately. Since an u rb an  
p opu la tion  has widely different social and  educational needs, as well as environm ent, p rogram m e p lanners, given 
adequate resources, are presented w ith endless possibilities. In the in itial stage o f developm ent, m ost o f  the u rban  
requirem ents will nevertheless have to  be accom m odated in a single channel service.
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On the other hand , the hours o f viewing o f a rural audience are lim ited, since the m ajority o f the rural 
popu la tion  is engaged in agricultural activities from  very early in the m orning to late in the evening. It may be 
assum ed that rural com m unity viewing w ould be possible between 1800 and  2100 h. A later hour m ay not be 
to lerated , as the agricultural com m unity prefers to  retire early to p repare for the next day’s early start.

3.7 Differences in time zones

Since satellite b roadcasting  can encom pass very wide areas, the program m e p lanner m ust be well aware of 
the possible differences in tim e zone between the program m e originating  centre and  parts o f the target area.

Some regions are so wide that several tim e zones are involved, as in the case o f the USA, C anada, the 
U .S.S.R., and China. In these cases, the actual tim e prevalent in the zone o f reception m ust be taken into 
consideration  when p lanning  program m es. Similarly, for educational broadcasts, it m ust be ensured that 
program m es reach the zone o f reception during the appropria te  school hours.

4. Basic definitions in the broadcasting-satellite service

4.1 Broadcasting-satellite space station

A space station in the broadcasting-satellite service.

4.2 Broadcasting-satellite service (see No. 37 o f the R adio Regulations)

A radiocommunication service in which signals transm itted  or retransm itted  by space stations are intended 
for direct reception by the general public.

In the broadcasting-satellite service, the term  “direct recep tion” shall encom pass both individual reception 
and  community reception.

Individual reception (in the broadcasting-satellite service) (See No. 123 o f the R adio Regulations)

The reception o f emissions from  a space station  in the broadcasting-satellite service by sim ple dom estic 
installations and in particu lar those possessing small antennae.

Com m unity reception (in the broadcasting-satellite service) (See No. 124 o f the R adio Regulations)

The reception o f emissions from  a space station  in the broadcasting-satellite service by receiving equipm ent, 
which in some cases m ay be com plex and  have antennae larger than  those used for individual reception, and 
in tended  for use:

— by a group o f the general public at one location; or
— through a d istribution  system covering a lim ited area.

4.3 Reception quality

4.3.1 Primary grade o f  reception quality (in the broadcasting-satellite service)

A quality o f reception o f em issions from  a broadcasting-satellite space station which is subjectively 
com parable to tha t provided by a terrestrial b roadcasting  station in its coverage area *.

4.3.2 Secondary grade o f  reception quality (in the broadcasting-satellite service)

A quality o f reception o f emissions from  a broadcasting-satellite space station which is subjectively 
inferior to  the prim ary grade o f reception quality but is still acceptable (see R eport 409).

4.4 Power flux-densities

To perm it individual or com m unity reception with either grade o f reception quality, broadcasting-satellite 
space stations may provide a high, m edium  or low pow er flux-density at the receiving site (see Table 1-XV).

The coverage area o f a terrestrial sound broadcasting station is defined in Recommendation 499 for bands 5 (LF), 6 (M F), 
7 (HF) and 8 (VHF). The coverage area o f a terrestrial television broadcasting station is not defined but corresponds to a 
field strength somewhat higher than the minimum values quoted in Recommendation 417.
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4.4.1 High power flux-density  (in the broadcasting-satellite service)

A  pow er flux-density which enables signals radiated  by broadcasting-satellite space stations to  be 
received by sim ple receiving installations w ith a p rim ary grade o f  reception quality.

4.4.2 M edium  power flux-density  (in the broadcasting-satellite service)

A pow er flux-density which enables signals rad ia ted  by broadcasting-satellite space stations to  be 
received either by sim ple receiving installations w ith a secondary grade o f  reception  quality  o r by m ore 
sensitive receiving arrangem ents with a p rim ary  grade o f  reception quality.

4.4.3 Low power flux-density  (in the broadcasting-satellite service)

A pow er flux-density lower than  the m edium  pow er flux-density, w hich enables the necessary grade 
o f  reception quality  to  be ob ta ined  using m ore specialized transm ission and  reception techniques than  
those required under §§ 4.4.1 and  4.4.2.

4.5 Definitions o f  service area and  coverage area (Annex 8  to  A ppendix  30 o f  the R adio  R egulations)

4.5.1 Service area

The area on the surface o f  the E arth  in which the adm inistra tion  responsible fo r the service has the
right to  dem and th a t the agreed protection  conditions be .provided.

Note. — In  the definition o f service area, it is m ade clear tha t w ith in  the service area the agreed 
pro tection  conditions can be dem anded. This is the area where there should  be at least the w anted pow er 
flux-density and protection  against in terference based on the agreed pro tec tion  ra tio  fo r the agreed 
percentage o f  time.

4.5.2 Coverage area

The area on the surface o f the E arth  delineated by a con tour o f a  constan t given value o f pow er 
flux-density which w ould perm it the w anted quality  o f reception in  the absence o f interference.

N ote 1. — In  accordance with the provisions o f No. 2674 o f the R adio  R egulations, the coverage area 
m ust be the sm allest area which encom passes the service area.

Note 2. — The coverage area, which will norm ally  encom pass the entire service area, will result from  the
intersection o f the an tenna beam  (generally elliptical o r circular) w ith the surface o f  the E arth , and  will be 
defined by a given value o f pow er flux-density. F or exam ple, in  the case o f  a R egion 1 or 3 country  w ith a 
service p lanned  for individual reception a t 12 G H z, it w ould be the area delineated  by the con tour 
corresponding  to  a level o f —103 d B (W /m 2) for 99% of the w orst m onth. There will usually  be an  area 
outside the service area bu t w ithin the coverage area in w hich the pow er flux-density will be a t least 
equivalent to  the m inim um  specified value; however, p rotection  against interference will no t be provided 
in  this area.

5. Orbits for broadcasting-satellite systems

5.1 Factors affecting choice o f  orbit

A m ong the factors to  be considered in the selection o f preferred  orbits for satellite b roadcasting  are 
coverage, num ber o f daily broadcast hours desired an d  an tenna characteristics.

The satellite o rb it for a b roadcast service m ust provide coverage o f selected regions o f  the E arth  during
desired viewing or listening hours, which m ay vary from  several to tw enty-four hours per day. F or non-continuous
broadcast periods, it is desirable to have these intervals occur at the sam e local tim e each day. Regardless o f  the 
duration  o f  the broadcast period, it is desirable to  have an orbit tha t does no t require an ten n a  track ing  equipm ent 
o f b roadcast receiving installations.

A geostationary satellite (altitude 35 786 km  above the equator) w ould perm it a con tinuous broadcast 
service to  areas as small as individual countries or as large as continents, up  to  abou t one-th ird  o f  the surface o f 
the Earth . The lim itation im posed by the m inim um  usable angle o f elevation can be determ ined from  Fig. 1 o f 
R eport 206. A geostationary satellite also perm its the use, if  required, o f a fixed receiving an ten n a  o f  very high 
gain (and  hence directivity).

A satellite in a sub-synchronous circular equatorial o rb it can provide coverage at the sam e local tim e each 
day. The num ber o f un in terrup ted  broadcast hours possible from  such a satellite to  a given area  on the surface o f 
the E arth  is a function o f  the satellite altitude and  the latitude o f  the receiving point. R epresentative visibility 
tim es are shown in Table 1-1.
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Because the sub-synchronous satellites in circular orbits have a lower altitude than  a geostationary  satellite, 
a stronger signal is available for a given transm itter e.i.r.p. Such satellites m ay therefore have an  advantage when 
the m axim um  transm itting  an tenna gain is lim ited by size restrictions and  when the receiving an tenna can be 
nearly  om nidirectional.

In band  8 (VHF), o r a t higher frequencies, a satisfactory signal-to-noise ratio  can be achieved using 
frequency m odulation  w ith a geostationary  satellite o r o ther high-altitude satellite, so that the low er altitude 
satellites do  not appear to  present any advantage.

A satellite w ith a period  o f  12 hours, in an  elliptical o rb it having a p lane inclined a t abou t 63° to the 
equato rial p lane and an apogee o f  40 000 km well no rth  o f the equator, can provide a larger area o f coverage in 
the northern  hem isphere than  a geostationary  satellite. The use o f several satellites in such orbits can provide an 
u n in terrup ted  service. The tim es o f  visibility o f one satellite are given in Table 1 -II for a particu lar la titude (60° N) 
o f  the receiving point, and  a particu lar m inim um  angle o f elevation (20°). In  theory, because o f the non-spherical 
shape o f  the Earth , an inclination  o f the orbit o f 63.4° w ould ensure that the m ajor axis does no t drift in the 
p lane o f the orbit, and, therefore, tha t successive apogees will occur at the same terrestrial latitude.

In the exam ple o f  Table l- II , the m inor axis o f the orbital ellipse is assum ed to  be parallel to the 
equatorial plane. The m axim um  period  o f visibility from  a given p o in t on the E arth  at latitude 60° (10.6 hours) is 
then obta ined  w hen the apogee is a t the same longitude as the point.

In  selecting highly elliptical orbits, it is preferable to avoid passage through  the van Allen belt, o r to 
ensure tha t satellites pass rapidly  th rough the rad ia tion  region in order to  avoid dam age to com ponents.

F or the various orbits, un in terrup ted  reception is possible only when the satellite rem ains w ithin the beam  
o f the receiving antenna. Therefore, assum ing the an tenna  is fixed, it m ust have a sufficiently large beam w idth to 
ensure the desired service.

If  a sub-synchronous circular orbit is used, it w ould no t be possible to  em ploy m ost o f  the available 
period  o f visibility, using a fixed receiving antenna, unless the an tenna is o f low gain (e.g. a half-pow er 
beam w idth  o f 110° corresponding to  a m axim um  gain o f 6  dB).

If  a sub-synchronous highly elliptical orbit is used, a fixed an tenna o f higher gain could be used (e.g. a 
half-pow er beam w idth o f abou t 30° corresponding to  a m axim um  gain o f 15 dB).

I f  a geostationary satellite is used, the earth  station  an tenna  gain can be higher than  in the exam ples 
above, but the m axim um  an tenna gain m ight be lim ited (because o f the consequent small beam w idth) either by 
practical considerations o f the receiving installation  or by the lack o f stability o f the position o f  the satellite.

TABLE l - 1 -  Visibility times fo r  satellites in stationary and sub-synchronous circular equatorial (non-retrograde) orbits

Approximate
period

(h)

Altitude
(km)

Passes 
per day 
over a 
given 
point

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

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

24(') 35 786 Stationary Continuous Continuous Continuous Continuous
12 20 240 (2) 1 10.1 1 0 .0 9.9 9.3

8 13 9 4 0 0 2 4.8 4.7 4.6 4.2
6 10 390(2) 3 3.0 2.9 2 .8 2.5
3 4 190(2) 7 1 .0 1 .0 0.9 0 .6

(') Exactly: 23 h 56 min 4 s.
(2) Approximate values.
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TABLE 1 -  II — Visibility times o f  a satellite in a typical elliptical orbit inclined at about 63.4°

Approximate
period

(h)

Approximate
apogee

(km)

Approximate
perigee

(km)

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

of the receiving antenna greater than 2 0 °

Maximum Minimum

12 40 000 500 1 0 .6 4.5

5.2 Coverage area

The satellite orbit is an im portan t factor in determ ining coverage. A geostationary  satellite (altitude 
35 786 km above the equator) allows a continuous broadcasting  service, both to  areas as sm all as an individual 
country or as large as a continent, up  to about one-th ird  o f the surface o f  the Earth. Such satellites perm it the use 
o f fixed receiving an tennas with very high gain (and  hence directivity).

A ssum ing that the necessary e.i.r.p. to produce the requisite pow er flux-density on the surface o f  the Earth
will be provided by the satellite, the coverage area is a function o f the beam w idth o f the satellite an tenna. The 
coverage area is usually referred to as that which is lim ited by the pow er con tour which results in a flux density 
that is 3 dB below  tha t at the beam  centre, although about — 6  dB might also be considered as the lim it o f 
coverage area in certain circum stances.

The diam eter o f the coverage circle is abou t 650 km per degree o f the beam  at the sub-satellite point. 
Figure 1-1 shows the relationship  between the beam w idth o f the satellite an tenna , norm al coverage circle and  the 
e.i.r.p. o f the satellite transm itter. Figure 1-2 gives the curves relating beam w idth, an tenna  gain and  an tenna 
diam eter. An an tenna efficiency o f 55% and a conical beam  pattern  are assum ed. The coverage area is circular at 
the sub-satellite point and  the ground  distance is that m easured along the arc intersecting the circle and the 
sub-satellite point. Figure 1-3 also shows, in km 2, the coverage area at the sub-satellite point. I f  the beam  is 
positioned off the sub-satellite po in t to some chosen longitude and  latitude, the angle o f elevation differs from  90° 
and the coverage area is elliptical. Knowing the angle o f elevation (Fig. 1-4) and  the circle d iam eter (ground 
distance) at the sub-satellite point as obtained from  Fig. 1-3, the w idth and length o f the elliptical area can be
found in Fig. 1-5. Also Fig. 1-5 gives the relationship  between the tilt angle and  the elevation angle.

A satellite in an elliptical orbit could provide a larger area o f coverage than  a geostationary  satellite, but 
the service w ould not be available continuously for 24 hours, but only for periods up to 12 hours. However, an 
antenna with a com paratively lower gain and a w ider beam w idth w ould have to be used.

A satellite covering several countries in one Region offers a very econom ical solution for the provision of 
a broadcasting-satellite service, as the cost o f the space segm ent can be shared by two or m ore countries.

A detailed discussion o f some econom ic aspects o f b roadcasting  satellite systems will be found in 
C hapter 4.

5.3 Coverage area, frequency and size o f  the satellite antenna

A satellite an tenna is required to illum inate a given area which will depend  upon  the an tenna  beam w idth.
The procedures for determ ining the coverage area and  related factors have already been discussed in § 5.2. For the 
sam e coverage area and  hence the sam e beam w idth, the size o f the satellite an tenna  is inversely p roportional to 
the frequency; this will be reflected in the size o f the satellite and the cost o f launching.

5.4 Orbital spacing considerations

O rbit p lanning  is treated in more detail in § 7, while technology that can im prove orbit utilization is
discussed in C hap ter 2.

6. Allocation of frequency bands

6.1 Frequency bands fo r  the broadcasting-satellite service

The W ARC-79 revised the Radio Regulations and  opened up  the follow ing frequency bands (Table l-III)  
for use by the broadcasting-satellite service:
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TABLE l-III -  Frequency bands fo r  BSS

Frequency band Shared with Power flux-density (pfd) 
and other constraints

620-790 MHz Fixed, mobile and terrestrial broadcasting 
services (and radionavigation service 
in Region 3, for part of the band)

From -  129 to -  113 dB(W /m 2) depending 
upon the angle of arrival. (See Rec. No. 705 
to the RR)

2.5 GHz

Region 1 
2500-2655 MHz 
2655-2690 MHz

Fixed and mobile*, services 
Fixed, mobile*, earth exploration 
satellite (passive), radioastronomy and 
space research (passive) services

Region 2 
2500-2655 MHz

2655-2690 MHz

Fixed, mobile* and FSS (down link) 
services
Fixed, mobile*, FSS (up link and 
down link) earth exploration satellite 
(passive), space research (passive) and 
radioastronomy services

Limited to national and regional 
systems for community reception 
pfd limits as per RR 2561 through 2564 
( -1 5 2  to -1 3 7  dB(W /(m2-4 kHz)) 
depending upon the angle of arrival)

Region 3 
2500-2535 MHz

2535-2655 MHz 
2655-2690 MHz

Fixed, mobile* and FSS (down link) 
services
Fixed and mobile* services 
Fixed, mobile*, FSS (up link), 
earth exploration satellite (passive), 
radioastronomy and space 
research (passive) services

12 GHz
Region 1 
11.7-12.5 GHz Fixed, mobile* and terrestrial 

broadcasting services
Frequency/orbit assignment plan and pfd 
constraints as per App. 30 to the RR

Region 2 
11.7-12.2 GHz Fixed, mobile* and FSS (down link) 

services
1. Principally allocated for FSS, 
may be used additionally for BSS 
with max. e.i.r.p. not to exceed 
53 dBW per TV channel (RR 836)
2. Limited to national and 
sub-regional systems

12.2-12.7 GHz Fixed, mobile* and terrestrial 
broadcasting services

Limited to national and 
sub-regional systems

Region 3 
11.7-12.2 GHz

12.5-12.75 GHz

Fixed, mobile* and terrestrial 
broadcasting services 
Fixed, mobile* and FSS (down link) 
services

Frequency/orbit assignment plan and pfd 
constraints as per App. 30 to the RR 
Limited to community reception; 
pfd not to exceed -  111 dB(W /m 2) 
as per Annex 8 of APP. 30 (RR 847)

22 GHz

Region 1 

Regions 2 and 3 
22.5-22.55 GHz 
22.55-23 GHz

No Allocation

Fixed, mobile services
Fixed, mobile and inter-satellite
services

—

40.5-42.5 GHz Fixed, mobile and terrestrial 
broadcasting services —

84-86 GHz Fixed, mobile and terrestrial broadcasting 
services —

♦Allocated to mobile services except aeronautical mobile services.
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FIGURE 1-1 -  E.i.r.p. o f  satellite as a function o f  the radiated power and the beamwidth o f  the antenna 

* The e.i.r.p. is shown in dBW, as the parameter of the diagram.
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Diameter of antenna (m) 

a) Antenna gain, with frequency as a parameter

0.03 0.05 0.1 0,2 0.5 1 2 5

Diameter of antenna (m) 

b) Antenna beamwidth, with frequency as a parameter

FIGURE 1-2 -  Antenna gain and beamwidth as function o f  diameter

Curves A: 12 GHz 
B: 2.6 GHz 
C: 700 MHz

10

The bands 620-790, 2500-2690 M H z and  11.7-12.5 G H z are already feasible for use with curren t
techniques, and  are now  being used for experim ental systems.

The bands allocated to  the broadcasting-satellite service are shared with o ther services. Sharing aspects are
discussed in detail in C hap ter 3 on the feasibility o f broadcasting-satellite systems.

6.2 Frequency bands fo r  the broadcasting-satellite service (sound)

The W ARC-79 considered the allocation  o f  a frequency band  for broadcasting-satellite services (sound). It 
did  n o t decide in favour o f a specific allocation. However, the Conference adop ted  R esolution No. 505 (relating to  
BSS (sound)) which provides that adm inistrations shall be encouraged to  carry out experim ents with BSS (sound) 
w ithin the b and  0.5-2 G H z in appropriately  placed narrow  sub-bands subject to  the agreem ent o f adm in istra tions 
concerned. The frequency band  1429-1525 M H z was particularly  m entioned for consideration  for such experi
ments.
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Ground coverage area at sub-satellite point (thousands o f km2)

10 2 5 102 2 5 103 2 5 104 2 5 105

Distance over ground across coverage area 
at sub-satellite point (km)

FIGURE 1-3 -  Guide to selection o f  antenna gain as a function o f  
ground distance and coverage area

Curves A: coverage area 
B: ground distance

Latitude

FIGURE 1-4 -  Earth station elevation angle fo r  a given geographical position
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FIGURE 1-5 -  Correction factors fo r  the ground distances o f  Fig. 1-3 
as a function o f  the angle o f  elevation

Curves A: angle of tilt subtended at the satellite 
B: length of the elliptical area 
C: width of the elliptical area

6.3 Frequency bands fo r  B S S  feed er links

Table 1-IV gives suitable feeder-link frequency bands for the three m ain BSS bands.

7. Orbit and frequency planning

7.1 Introduction

The provision o f broadcasting-satellite services to  countries w ithin a Region entails careful p lann ing  o f 
frequency allotm ent and satellite location  to  reduce interference to an  acceptable level.

The following features o f  p lanning  are m entioned initially as they are o f  a general nature, and  apply  to  
services in all relevant bands:

— it is assum ed that all broadcasting-satellite services o f the sam e kind, to  the same service area, w ould be 
p rovided  from  the sam e geostationary  orbital position to perm it the use o f fixed receiving an tennas; 
(however, services designed for d ifferent audiences (e.g., program m es for individual reception  and  
program m es for com m unity reception) m ay well be provided from  different orbital positions);

— fo r the purpose o f calculating the w anted-to-interfering signal ratio  in the case o f several in terfering  signals, 
the to tal interfering signal m ay be calculated on the basis o f adding the com ponent interfering signal pow ers 
received by the an tenna;

— w henever possible, the coverage area should be the m inim um  necessary to  provide the required  coverage;

— if  a p lan  is agreed on that is based on certain  technical param eters (e.g., channel bandw idth  and  channel 
spacing), an adm inistration m ay nevertheless im plem ent systems with param eters d ifferent from  those 
adop ted , provided th a t it does no t cause m ore interference than  it w ould cause, no r dem and  greater 
p ro tection  from  interference than  it could dem and, if  it adhered to the adop ted  param eters;
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TABLE 1 -IV -  Feeder-link frequency bands fo r the main BSS bands

BSS band and bandwidth Possible feeder-link band(s) Remarks

700 MHz band 
(170 MHz) and 
2600 M Hz band 
(190 MHz)

12 GHz band 

Region 1
800 MHz spectrum width as per BSS 
Plan (App. 30 to the RR)

Region 2
500 MHz spectrum width

Orbit/frequency planning done 
by RARC SAT-83 
(Resolution No. 701 of the RR)*

Region 3
500 MHz spectrum width as per BSS 
Plan (App. 30 to the RR), 
plus 250 MHz limited to community 
reception.

Region 1 only 
5725-5850 MHz (125 MHz)

Regions 2 and 3 only 
2655-2690 MHz (35 MHz)

All Regions
5850-7075 MHz (1225 MHz) and 
7900-8400 MHz (500 MHz)

10.7-11.7 GHz

14.0-14.5 GHz

14.5-14.8 GHz

17.3-18.1 GHz

14.0-14.5 GHz

14.5-14.8 GHz

17.3-18.1 GHz

14.0-14.5 GHz

14.5-14.8 GHz

17.3-18.1 GHz

Bidirectional allocation 

Subject to coordination. May be used 
for feeder links of BSS (reserved for 
countries outside Europe and for Malta) 
(RR 858)
Use by FSS limited to feeder links 
of BSS (reserved for countries outside 
Europe and for Malta) (RR 863)

Use by FSS limited to feeder links 
of BSS (RR 869)

Subject to coordination. May be used 
for feeder links of BSS (RR 858)

Use by FSS limited to feeder links 
of BSS (RR 863)

Use by FSS limited to feeder links 
of BSS (RR 869)

Subject to coordination. May be used 
for feeder links of BSS (RR 858)

Use by FSS limited to feeder links 
of BSS (RR 863)

Use by FSS limited to feeder links 
of BSS (RR 869)

* RARC SAT-83 prepared Plans for the BSS in Region 2 in the band 12.2-12.7 GHz and associated feeder links in the band 17.3-17.8 GHz.

— if it is p roposed initially to operate a broadcasting-satellite service for com m unity  reception , and  at a later
d ate to  operate broadcasting-satellite services for individual reception in  the sam e frequency band , bo th
services should em ploy the sam e m odulation  system to facilitate com patibility . U nder such circum stances, it 
w ould also be necessary to  assum e sharing criteria that w ould allow  for the b roadcasting  services ultim ately  
required. However, if  a system is designed for com m unity reception on a perm anen t basis w ith no p lans for 
la ter use o f the sam e frequency band  for individual reception, the assum ption  o f  sharing criteria  m ore 
stringent than  those required for the p lanned  system could be w asteful;

— all the signals transm itted  from  the sam e orbital position and  m eant for the sam e audience should  generally 
be o f the sam e polarization.

7.2 Planning approaches

The follow ing are possible approaches to p lanning  which are, in general, applicab le to  bo th  feeder links 
and  dow n links in the BSS. N ot all these approaches are necessarily applicab le to  all allocated  broadcasting  
satellite frequency bands.
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7.2.1 Detailed orbital position and channel allotment plan

In such a p lan , specific values o f satellite orbit location , frequencies, and service areas are specified 
for each adm inistration , along with a specific satellite e.i.r.p. and  sense o f polarization. The orbital spacing 
and  service area separations required for co- and  adjacent channel operation  in the p lan  are based on 
specific values assum ed for a num ber o f additional system characteristics, which include:

— noise and pfd objectives;
— receiver figure-of-m erit;
— station-keeping tolerances;
— interference objectives;
— antenna characteristics;
— m odulation m ethod and  necessary bandw idth ;
— eclipse protection  and m inim um  angle o f  elevation requirem ents.

It is convenient to distinguish between three types o f detailed allotm ent plans.

Type 1: Long-term plan (15-20 years)

A long-range detailed frequency /o rb it plan where technical criteria, frequencies and  orbital 
positions are fixed and  changes are lim ited to special circum stances to the extent that they do not 
in troduce additional interference or require additional protection. The plan would be reviewed after the 
specified term at a com petent adm inistrative rad io  conference.

Type 2: M edium-term plan (7-15 years)

A detailed frequency /o rb it p lan , with assignm ents o f  orbital positions and  channels to each 
adm inistration coupled with a m odification procedure tha t w ould allow as much flexibility as possible 
while retaining the integrity o f the plan. New requirem ents and  criteria may be accom m odated by 
agreem ent o f  affected adm inistra tions during the lifetim e o f the plan. A regional o r w orld adm inistrative 
rad io  conference w ould be held at the end o f  the period to  update the plan , taking into consideration  
technological changes and new requirem ents.

Type 3: Short-term plan (3-6 years)

A short-term  plan with orbital positions and  channels assigned to each country  for a period o f 
3-6 years. Conferences w ould be held before the end o f the period (say every 5 years) to am end the plan to 
include new requirem ents and  reflect new technology. O f course, the integrity o f all systems notified or 
operating  according to the curren t plan w ould be respected.

Typically, all p lans m ust include orbit positions and  a m inim um  num ber o f channels for each 
adm inistration  in the plan so that it can develop its system or concepts w ithin a defined fram ew ork.

7.2.2 Detailed orbital position and  block frequency allotment plan

In this p lanning  approach  adm inistra tions are assigned blocks o f spectrum  at certain  orbital 
positions. These blocks o f spectrum  w ould be associated with certain service areas, but neither specific 
frequencies nor po larizations w ould be allotted. The nature o f the channel bandw idth  w ould be determ ined 
by the adm inistration(s) concerned. In effect, this scheme leaves to the adm inistra tions concerned the 
flexibility to choose the type o f m icroscopic p lanning  schemes best suited to  their requirem ents and  needs. 
Specific channel and  polarization  assignm ents w ould be m ade at the tim e an adm inistra tion  was ready to 
im plem ent a system for that service area. The key to accom plishing such an approach  is arranging  orbital 
locations so as to obtain the necessary isolation between the service areas concerned.

7.2.3 Detailed frequency assignment and  orbital arc allotment plan

U nder this scheme, individual adm inistra tions w ould be allotted a num ber o f specific channels per 
service area, but w ould not have specific orbital locations associated with them . However, adm in istra tions 
w ould be allotted specified geostationary  orbital arcs tha t could be used to provide service to the 
concerned service areas. Specific assignm ents o f orbital position to a service area w ould be m ade at the 
tim e an adm inistration  was ready to im plem ent a system for that service area.
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This p lanning approach  could provide flexibility in som e aspects o f  system design. However, in 
o rder to assure the required num bers o f channels per service area, certain  technical p lanning  constra in ts 
m ust be assum ed, including channel bandw idth.

7.2.4 Guaranteed access by means o f  multilateral coordination

A form al plan w ould not be established, but there w ould be procedures for guaran teed  frequency / 
orbit access for requirem ents as they arise. N orm ally, frequency /o rb it access w ould be coord ina ted  in 
accordance with the procedures contained in the m ethod described in § 7.2.5. W hen a new requirem ent 
could no t readily be accom m odated a special m eeting w ould be called o f those adm inistra tions that m ight 
be affected and a m eans w ould be found to accom m odate the new requirem ent, including adjustm ents to 
existing systems, in order to accom m odate new systems o f adm inistrations.

7.2.5 Coordination procedures and technical factors that are revised periodically

This approach  to p lanning  is a phased revision o f the existing regulatory procedures, regulations 
and  C C IR  R ecom m endations as well as the developm ent o f new procedures, regulations and  R ecom m en
dations (sim plified to the extent possible) leading to m ore efficient use o f the geostationary-satellite 
o rb it/spectrum  resource.

7.3 Planning o f  the 12 GHz band

The W ARC-BS-77 adopted two different approaches to p lanning  the broadcasting-satellite services in the 
12 G H z band. Regions 1 and  3 adopted  a detailed a priori orbital position  and frequency assignm ent p lan  which 
becam e effective on 1 January  1979 (see A ppendix 30 o f the R adio Regulations). Region 2 adop ted  a set o f 
provisions to govern the use o f the 12 G H z band  pending the establishm ent o f a detailed plan. The W ARC-79 
adopted  significantly d ifferent regulations governing the use o f the ban d  11.7 to 12.7 G H z in Region 2, including 
a significantly different allocation  o f frequencies and  associated footnotes, and  R esolution No. 701 which relates 
to the convening o f a Region 2 A dm inistrative R adio C onference for the detailed p lann ing  o f the broadcasting- 
satellite service in the band  12.3 to 12.7 G H z, a portion  o f the band  12.1 to 12.3 G H z, and o f the associated feeder 
links in the lower part o f the band  17.3 to 18.1 GH z. This C onference should be held not later than 1983.

M ethod o f  planning in Region 2

The m ethod o f p lanning the broadcasting-satellite services in Region 2 will p robably  include som e o f the 
sam e concepts as were used in Regions 1 and 3 in 1977. However, there are significant differences which will 
affect the work and outcom e o f the 1983 Regional Conference. The m ost im portan t are the follow ing:

— the Conference will sub-allocate the band  12.1 to 12.3 G H z into two sub-bands, allocating  the fixed-satellite 
service to the lower sub-band and  the broadcasting-satellite service to the upper sub-band, and  will plan the 
broadcasting-satellite service in tha t upper portion  and  in the band  12.3 to 12.7 G H z;

— a detailed o rb it/spectrum  plan for the broadcasting-satellite service in Region 2 will be draw n up in 1983. 
Thus, technological advances and  better defin ition  o f requirem ents may be included in the plan at the tim e o f 
the Regional C onference;

— in some countries o f Region 2, m any systems in the fixed service are already operating  in the 12 G H z band  
which they share with the broadcasting-satellite service. However, while terrestrial systems m ust not im pose 
restrictions on the elaboration  o f such a plan, some adm inistra tions may w ant to consider the possibility o f 
re-assigning frequencies to the terrestrial systems within their own service area;

— there are indications that a greater variety o f different kinds o f broadcasting-satellite services, particu larly  for 
com m unity reception, will be p lanned in at least som e countries o f Region 2, than  were provided for in the 
Plan for Regions 1 and  3;

— feeder links will be p lanned  in the band  17.3 to 18.1 G H z at the sam e tim e as the 12 G H z band  is being 
p lanned. This will allow overall protection ratios, noise levels and  m ethods o f providing energy dispersal to 
be traded o ff between the feeder links and  dow n links o f each p lanned  netw ork;

— significant geographical characteristics o f Region 2 can be taken advantage o f in the developm ent o f a Plan. 
These include the fact that the severity o f the inter-netw ork interference problem  between som e systems o f 
Region 2 and some o f Regions 1 and 3 is reduced because of the presence o f the A tlantic and  Pacific Oceans. 
This and other special features are discussed in § 10.2 and 10.3 o f R eport 633;

— the plan will incorporate sufficient flexibility to allow for fu ture technical developm ents, various system 
design approaches and  other uncertainties (see § 5, Annex 6  o f A ppendix 30 to the R adio Regulations).
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M ore detailed in form ation  on a possible p lanning  m ethod is given in § 10.3 o f R eport 633.

7.4 Planning considerations fo r  other bands in which the broadcasting-satellite service has an allocation

7.4.1 Introduction

The other bands in which the broadcasting-satellite service has an  allocation are from  620 to 
790 M Hz, from  2500 to  2690 M H z, from  22.5 to 23 G H z, from  40.5 to 42.5 G H z, and  from  84 to  8 6  GHz. 
Very little is know n abou t p lann ing  for the 23, 42, and  85 G H z bands except tha t phenom ena associated 
w ith propagation  th rough  the atm osphere will be o f m ajor im portance.

7.4.2 2.6 GHz system s *

U nder the provisions o f the R adio R egulations, the use o f the 2.6 G H z ban d  fo r satellite 
broadcasting  is lim ited to  national and  regional systems for com m unity reception. (See No. 757 o f the 
R adio  Regulations.)

The results o f a study for com m unity reception (R eport 633) are included in  Table 1-V.

TABLI-: I V

Protection Satellite
System Frequency Bandwidth ratio spacing Receiving

(GHz) (MHz) (dB) (degrees) pattern

1 2 .6 2 2 30 4 A
2 2 .6 22 33 2 .8 B

Pattern A: AG =  10.5 +  25 log (<p/<p0) dB
Pattern B: AG = the smaller of: 10 log [1 +  (2<p/<p0)6N-9] or

3 +  10 log 180V + (2 9 /90)*] dB 
where: AG is the on-axis gain minus the gain at angle 9 .

AG <40 dB for both patterns,
and N is the exponential rate of decay as a function of the angle of the envelope of the side lobe; 
for example N — 2 for individual reception and N = 2.5 for community reception.

7.4.3 700 M H z system s *

W ith regard to  the efficient utilization o f the geostationary-satellite orbit, studies indicate tha t for 
the broadcasting-satellite television service operating  at frequencies around 700 M H z, the follow ing criteria 
are appropriate  for frequency m odulation , assum ing a peak-to-peak deviation o f 8  to  16 M H z:

For frequency sharing between areas which do no t overlap and which are served from  the sam e 
geostationary orbital position, the to tal discrim ination  necessary to  provide the required pro tection  ratio  
m ust be achieved by side-lobe reduction o f the transm itting  antennas. In  general, th is w ould require a 
m inim um  separation  o f the service areas approxim ately  as great as tha t corresponding to  the first 
m inim um  o f the transm itting  an tenna pattern . The use o f o rthogonal circular po larizations could help in 
the case of m ore-closely spaced service areas.

For transm itters w hich share the sam e frequency channel and  are located at d ifferent o rbital 
positions, a useful m inim um  separation m ay be approxim ately  that which corresponds to  the angle 
between the axis o f the m ain beam  and  the first m inim um  o f the receiving an tenna p a tte rn ; assum ed to  be 
the same for all receiving installations. The transm itting  and  receiving an tennas m ust together provide 
sufficient discrim ination to achieve the required  protection ratio.

As this band is shared with other services, many of which are already implemented in the countries of some 
administrations, attempts to plan these bands may encounter substantial practical difficulty involving the sharing with 
existing equipment operating in accordance with their assignments.
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To keep p ropagation  effects sm all and  to  conserve the geostationary  orbital positions available, a 
broadcasting-satellite longitude should b e  w ithin abou t 45° o f the m id-longitude o f its service area. 
C onsideration  should also be given to  the sharing conditions w ith terrestrial television broadcasting  
services w hen determ ining the actual satellite position  relative to  the service area m id-longitude.

A study o f the num ber o f frequency channels required to  prov ide services to  each o f  about th irty  
countries has been m ade (R eport 633) and  the results are show n in Fig. 1-6. A receiving an tenna for 
com m unity reception was assum ed. These are p rovisional results for a single exam ple and  further study is 
required.

1 IG U RI 1 6 -  Number o f  radio-frequency channels required to provide one national programm e
to about thirty countries o f  a continent as a function o f  the carrier-to-interference ratio

(Example for a region typical of the East Asian area) 

Frequency: 700 MHz, community reception
Diameter of ground receiving antenna: approx. 3.5 m (beamwidth, 8°) 
Satellite at longitude of target area 
Beamwidth of satellite antenna <p: 7° >  <p ^  3°

D etailed discussion o f the elem ents and  m ethods for p lann ing  a b roadcast satellite system m ay be 
found in [M ertens et al., 1976; R einhart, 1974] and in R eports 633, 811 and  812.

8. Picture quality

8.1 General considerations

The satellite com m unication system can m ake television program m es available to  viewers either by 
rebroadcast th rough conventional television stations or th rough direct reception on augm ented dom estic television 
receivers.



20 Chapter 1

The rebroadcast type o f link  is com parable with a long distance television netw ork and the rebroadcast 
sta tions should m eet the perform ance standards laid  dow n in R ecom m endation 567.

The quality o f the television im age on the receiving screen depends on the signal-to-noise ratio , the level 
and  natu re  o f any interference and  on the various distortions occurring in the transm ission chain (studio, 
terrestrial link, feeder link, satellite transm itter, signal path , receiver). Various m ethods o f m aking subjective 
assessm ents o f the quality  o f television pictures and the param eters involved are given in the references o f 
R eport 313. Scales for assessing the quality  o f television pictures are considered in R eport 405. The signal-to-noise 
ratio  is a very im portan t param eter in calculating television systems and  p lanning  transm ission networks and for 
this reason  attention  is focused on this particu lar param eter. In  selecting the required  value o f the signal-to-noise 
ratio , account m ust in m any cases also be taken o f o ther television signal distortions. In television, the 
signal-to-noise ratio  at video frequencies is defined as the ratio , expressed in decibels, o f the nom inal peak-to-peak 
am plitude o f the picture-lum inance signal to  the r.m.s. value o f  the noise in the w orking video frequency band  
(R ecom m endation 567).

The quality  o f service provided  by a broadcasting-satellite system (which will be substantially  uniform  over 
the w hole service area) should be higher than  tha t recom m ended for the edge o f a terrestrial broadcasting  service 
area (in  which the quality is very m uch better at the centre than  a t the edge). Two grades o f reception quality 
(prim ary  and  secondary) are defined in R ecom m endation 566.

The objectives to be aim ed at fo r reception quality  for com m unity reception should be good, to  meet the 
special requirem ents o f educational program m es in television transm ission and  should certainly no t be lower than 
those considered appropria te  to  a terrestrial b roadcasting  system in tended for individual viewing.

The subjective effect o f  noise depends upon  the spectral d istribution  o f the noise energy w ithin the 
v ideo-frequency band. W hen m easuring noise pow er, it is com m on practice to  use weighting netw orks which take 
accoun t o f  this fact, w ith the result tha t the weighted noise pow er at video frequencies is lower than  the to tal noise 
pow er by a factor depending on the spectral d istribution. F or m ost television systems, the available weighting 
netw orks are designed so that, fo r various spectral distributions o f the noise, the m easurem ents m ore closely 
represen t the subjective im pression on m onochrom e pictures than  do unw eighted noise m easurem ents; for colour 
television, the subjective effect needs special consideration.

TABLE 1 -V I -  Video-frequency noise weighting-network reduction factor fo r  monochrome television

Weighting (dB) Weighting including 
de-emphasis, k w (dB)

System Triangular
noiseWhite noise Triangular noise

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

D, K, L 9.3 17.8 18.1

1 6.5 12.3 12.9

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

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

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

The weighting factors shown in Table 1-VI are no t valid when a frequency-m odulation  system is w orking 
near the threshold, where the noise loses its G aussian  characteristics and  becom es impulsive. In this connection , 
tests have been carried out with a frequency-m odulation  system w orking near the threshold, in o rder to  investigate 
the influence o f the different types o f noise on the p icture quality. Such tests have shown th a t the im pairm ent o f 
the p ic ture quality  due to  im pulsive noise is greater than  th a t due to G aussian  noise, when the value o f the 
unw eighted signal-to-noise ratio  is the sam e in bo th  cases.

8.2 Values o f  signal-to-noise ratio fo r  various systems

A m ethod o f calculation o f signal-to-noise ratio  at the inpu t o f a receiver for frequency-m odulation  
television signals is given as follows:
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In  a frequency-m odulation system:

S / N  = C / N  +  FdB +  k w

where:

S / N : ratio  o f peak-to-peak lum inance am plitude to  weighted r.m.s. noise (dB)

C / N : pre-detection carrier-to-noise ratio  in the radio-frequency bandw id th  (dB)

F: 3(Dp.p/ f , ) 2 • (b / 2 f v) (pow er ratio  which equals .FdB, when expressed in  dB)

Dp.p : peak-to-peak deviation by video signal (including synchronization  pulses)

/ „ :  highest video frequency; (e.g. 4.2 M H z in the case o f System M)

b : radio-frequency bandw idth  (usually taken  as Dp.p +  2 /v)

k w: com bined de-em phasis and  weighting im provem ent factor in frequency m odula tion  systems (dB)
(see Table 1-VI).

U tilization o f am plitude-m odulation  vestigial-sideband techniques in the broadcasting-satellite service a t 
the present tim e is very unlikely because o f the excessively high level o f  transm itte r pow er necessary on  board  the 
satellite and  because o f  the high pro tection  ratio  required between such systems w ith its consequent requirem ent 
for w ider orbital spacings than  for satellites w ith frequency-m odulation  systems.

A broadcasting-satellite system will norm ally be a com ponent p a rt o f an  overall television system, from  the 
studio to  the dom estic receiver. Therefore the received picture quality  will depend  no t only upon  the characteristics 
o f the satellite system bu t upon  those o f  each com ponent part o f  the overall system. F urtherm ore the p ic ture 
quality  depends no t only on the signal-to-noise ratio  bu t also on the presence o f  d istortions.

Therefore, the quality  standards should be established considering the satellite circuit as a part o f  a 
com plete transm ission system, giving the value o f  all param eters having an  influence on the resulting p ic ture 
quality.

Exam ples o f picture quality as a function  o f  som e im portan t param eters for various systems are given in  
Table 1-VII which is the same as Table 4-1.

TABLE 1 VII

Grade 
(See Note 7 

o f Report 405)

Radio-frequency signal-to-noise 
ratio for the percentage of 
viewers indicated (dB) (')

50% 75%

1.5 half-way between 
excellent and fine 39.5 42.5

2  fine 35.2 38.2

3 passable 30.0 33.0

4 marginal 25.6 28.6

5 inferior 20.4 23.4

(') Radio-frequency r.m.s. signal during sync, peaks, no weighting, 
over 6  MHz bandwidth, amplitude-modulation vestigial-sideband.

8.2.1 525-line sy s te m /N T S C  (System  M : USA and  Canada)

E quivalent rectangular bandw idth  in  transm ission:

— Frequency-m odulation: 18 M Hz
— A m plitude-m odulation , vestigial-sideband: 4 M Hz

R atio o f lum inance signal to  w eighted r.m.s. noise value is 43 dB (approxim ately  46 dB for 
System M: Japan ) (rated “excellent” by 50% o f the viewers).
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8.2.2 625-line system. Colour television signal (B, G, I  and  L  system)

Effective video bandw idth  5 M Hz, frequency m ultiplexing o f frequency-m odulated sub-carrier 
transm itting  sound at approxim ately  5.7 MHz.
— 45 dB weighted in the lum inance (weighting in accordance with R ecom m endation 567);
— 33 dB in the chrom inance (filter in  accordance w ith R ecom m endation 567);
— 50 dB in the sound channel (40 to  15 000 Hz).

8.2.3 625-line system  (System  K)

E quivalent noise b and  o f am plitude-m odulation  receiver: 4.6 M Hz.

Three m ain classes o f  p icture quality  are considered:

I: p icture o f excellent quality (on a p icture tube o f  any screen size). W hen the picture is viewed
from  a distance equal to  5 to 6  tim es the height o f the screen, the noise is on the threshold o f  
perception.

II: p icture o f very satisfactory quality  (on picture tube o f m edium  and small screen size). The
noise is perceptible, bu t causes no in terference to  the p icture and  is no t objectionable to  the 
viewer.

I l l :  p icture still acceptable on inexpensive television receivers w ith small screens. The noise is quite
noticeable and  causes interference to  a degree which can be accepted.

A ppropria te  values for the signal-to-noise ratio  are given in Table 1-VIII.

TABLE 1 -V I I I

Class of picture quality I II III

Ratio of picture signal-to-weighted r.m.s. noise value at the picture 
tube control electrode (dB) 46 39 32

Carrier-to-noise ratio at receiver input (dB) 44 37 30

8.2.4 625-line system. Colour television signal (P A L  system)

Assum ing a chain consisting o f a studio, a terrestrial radio-relay link, a broadcasting-satellite 
system and  a dom estic receiver, and when all the im pairm ents have values quoted in Table 1-IX, the 
overall subjective quality  grade will be 2.6 (on the 5-point scale; see R ecom m endation 500). The overall 
g rade would be 2.9 if the signal-to-noise ratio  o f the dow n link were increased by 3 dB, the o ther 
im pairm ents rem aining at the sam e value.

9. Influence o f the atmosphere

The influence o f the atm osphere (attenuation  o f signals due to  atm ospheric attenuation  and depolarization  
from  precip ita tion) depends on frequency.

9.1 Down link (12 G Hz region)

9.1.1 A ttenuation

Extensive m easurem ents o f sky noise tem perature at 11.5 G H z covering the E uropean  region have 
been carried out by the E uropean  Space Agency for a num ber o f years. A tm ospheric attenuation  was 
expected to  vary with the angle o f elevation and w ith the local climate. However, in  the E uropean  region 
and  for the range o f angles o f elevation (from  20° to  45°) covered by the experim ent, these dependencies 
are so small tha t they need no t be taken in to  account when com pared with the random  year-to-year 
variations in attenuation  values. The values o f the w orst-m onth  attenuation  ob ta ined  from  the m easure
m ents are listed in Table 1-X. For system planning , it is p roposed to use the m edian values, corresponding  
to  the w orst m onth  in an average year.

Further in form ation  is contained in R eports 564 and  565, and  a m ethod for calculating rain  
attenuation  can be found  in R eport 563.

For any frequency /(G H z ) , other than  11.5 G H z, the atm ospheric attenuation  Af may  be calculated 
from  the values for 11.5 G H z, A u s , by m eans o f the follow ing form ula which is valid from  11.0 to
14.5 G H z:

Class

Class

Class

^ i ,.5 [1 +  0.2 ( f -  11.5)] dB
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TABLE I IX — Parameter values

Component of the chain

Parameter

Differential
phase

(degrees)

Differential
gain

(%)

Chrominance/ 
luminance 

gain inequality 
(%)

Chrominance/ 
luminance 

delay inequality 
(ns)

Signal-to-noise
ratio

(weighted)
(dB)

Studio ± 5(') ± 5 0 ± 5 0 ± 10 48
Terrestrial circuit ± 5 0 ± 1 0 (') ± i o o ± 50 5 6 0
Satellite system ± 5 0 ± 1 0 0 ± i o o 1+ o

Domestic receiver ± 1 0 O ± 1 5 0 O ± 1 0 0 46(4)

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

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

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

FABLE 1 -X  — Worst-month attenuation at 11.5 GHz (Europe)

Time fraction 
(%)

Attenuation not exceeded during 
worst months (dB)

90% value median value 10% value

2 0 0.3 0.4 0 .6
5 0.4 0 .6 0.9
1 0.9 1.1 1.4

0.3 1 .2 1 .8 2.4
0 .1 1.5 3.3 6 .0
0.03 3.1 7.3 1 1 .0

For Region 3, m easurem ents o f atm ospheric attenuation  in the 12 G H z band  have been carried out 
using the broadcasting  satellite for experim ental purposes (BSE) in Jap an  and using a radiom eter in 
M alaysia, which are situated respectively in the m oderate and  tropical clim ate areas in Asia. The results 
are sum m arized in Table 1-XI (see also Table 4-IV). W hile the data presented should  be regarded as 
provisional, they m ay be considered useful until m ore precise da ta  becom e available.

The values in Jap an  in Table 1-XI are m edians o f the data in the w orst m onths for 12 to 
14 m onths in 12 locations, which have been distributed all over Jap an , angles o f elevations ranging from  
about 30° to 60°. M easurem ents in M alaysia were corrected with respect to  an elevation angle o f 45° by 
using the cosecant law (R eport 215).

M easurem ents o f rain attenuation  at 11.7 G H z were carried out at G reenbelt, M ary land  and  
R osm an, N orth  C aro lina in the U nited States by the N A S A /G o d d ard  Space Flight C enter by m onitoring 
the beacon on the C om m unications Technology Satellite (CTS). M easurem ents com m enced at G reenbelt, 
M aryland in June 1976 and  were com pleted in autum n o f 1979. The elevation angles to CTS from  
G reenbelt and R osm an are 29.5° and 36° respectively.
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TABLE 1 - X I  -  Worst month attenuation observed at 12 GHz in Japan and Malaysia

Location of 
measurement

Attenuation not exceeded during 
the worst month (dB)

Period 99% of the 
worst month in 
an average year

99.9% of the 
worst month in 
an average year

12 locations in Japan
August 1978 to 
December 1979 2.4 6.9

Klang in Malaysia
October 1970 to 
November 1972 1.7 8.7

M easurem ents o f rain  attenuation  at 20 G H z and  30 G H z were also carried out at R osm an using 
the ATS - 6  satellite [Ippolito , 1975].

Table 1-XII sum m arizes the results o f these m easurem ents fo r the two worst m onths o f the 
m easurem ent period.

TABLE 1 -X I I  — Rain attenuation observed at 11.7 GHz (CTS) and 20 and 30 GHz (A TS-6)
in Maryland and North Carolina, USA

Location
Frequency

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

not exceeded during month 
for given percentage of the time

99% 99.9% 99.99%

Greenbelt 11.7 June, 1976 < 1 1 .6 9.2
(Maryland) August, 1976 < 1 5.4 15.6

Rosman 11.7 July, 1976 1 1 .8 8.3
(North Carolina) 2 0 July, 1974 1.5 1 1 .0 > 2 0

30 July, 1974 2.4 19.5 >35

In 1978-1980 attenuation  and  cross-polarization  m easurem ents were carried out by C N E S -T D F  
(France) in B rittany (11 700 hours) and  near Paris (3500 hours) receiving 11.8 G H z circularly polarized and
11.6 G H z linearly polarized beacon signals respectively from  the OTS satellite (R eport 215). A ttenuation  
values no t exceeded for 99% and 99.9% o f  the w orst m onth  were 1.8 and  4 dB respectively for Paris and
1.5 and  3 dB respectively for Brittany. Polarization isolation o f the circularly  polarized beacon was only 
above 20 dB for 99.9% o f the worst m onth  and  99.99% o f the entire m easurem ent period, and  was never 
less than  30 dB fo r the linearly polarized beacon.

C C IR  Interim  W orking Party 5 /4  has considered app rop ria te  percentage-of-tim e availability  
criteria for bo th  terrestrial and  satellite systems when used for dom estic (for exam ple, rural) app lica tions in 
developing countries. The po in t was m ade tha t the econom ic difference between 99.9% and  99% o f  the tim e 
fo r the sam e signal-to-noise ratio  is considerable, while actual system availabilities very often do n o t 
approach  these figures in any case. The use o f  a m ore app rop ria te  figure than  99.9% o f the tim e, say 99%, 
w ould greatly reduce the effect o f rainfall factors to  be allow ed for in p lann ing  both  terrestrial and  satellite 
applications in trop ical clim ates and thus w ould lead directly to substantial econom ies in site engineering 
and  hardw are. A w orthwhile step tow ards the solving o f the problem s encountered  by the developing 
countries in the provision o f  radiocom m unications to rem ote or rural areas o f low traffic density could  
perhaps be achieved in this way.



Chapter 1 25

9.1.2 Depolarization

In  addition  to  their effects on attenuation , clouds and rain  can cause depo lariza tion  o f  the signal. 
Statistical analysis o f m easured results w ith circular polarization  in R egion 1 suggests th a t the level o f  the 
depolarized com ponent (relative to the level o f  the co-polar com ponent after a ttenuation) can be expressed 
approxim ately  in term s o f the a ttenuation  caused by the atm osphere, according to  the follow ing equation :

Relative level o f depolarized com ponent (for circular po larization):

w -  [30 -  20 log A] dB

where A  is the atm ospheric attenuation , in decibels. If, for purposes o f p lann ing , it w ere desired to  ad o p t a 
single figure for the level o f the depolarized com ponent, it w ould be necessary to  choose the fraction  o f 
the tim e for which the figure is to  apply. I f  this were taken as 1% o f the w orst m onth , then on  the basis o f  
the m edian values given in Table 1-X, — 30 dB w ould be an  ap p rop ria te  value. If, how ever, it were 
necessary to  take the case o f 0.1% o f the w orst m onth , the value w ould becom e approxim ately  —20 dB. 
(These values apply  to 11.5 GHz.)

Also, depolarization  m easurem ents were taken with the CTS satellite launched  in 1976 in the
12 G H z region, using both  circular and  vertical polarization . Actual m easurem ents statistics from  this
program m e have been analyzed in R eport 564.

R eport 564 shows th a t the cross-polarization d iscrim ination  (X P D ) due to ra in  m ay be predicted 
from  the co-polar attenuation  (CPA)  by an  equation  o f the form :

XPDdB = - [ U -  F lo g  (CPAdB)\

w here param eters U  and  V  are functions o f  frequency, po larization  tilt angle, elevation angle, canting  
angle, d istribu tion  o f  the rain  drops, and  to  a m uch lesser extent, on  drop-size d istribution .

F or circular polarization  over slanted  paths, reasonable approx im ations for U  and  V  result in  the 
follow ing equation:

XPDdB -  -  [(30 log / GHz -  40 log (cos e)) -  20 log ( CPAdB)]

where:

/ :  frequency (GH z) 
e : elevation angle (degrees).

This provisional equation  appears to  be valid over the follow ing param eter ranges:

1 0 ° <  e <  60°
8  G H z <  /  <  40 G H z 
1 dB <  CPA <  15 dB 
10 dB <  | XPD  | <  40 dB.

Thus for 12 G H z circularly  polarized transm issions, the cross-polarization  d iscrim ination  due to  
ra in  can be expressed by:

XPDdB = -  [32.4 -  40 log (cos e) -  20 log ( CPAdB)]

(A m ore detailed discussion o f  depolarization  effects due to  prec ip ita tion  can be found  in 
R eport 814.)

9.2 Feeder links

W ith reference to  § 6.3, W ARC-79 considered the problem  o f frequency allocations fo r the feeder links to 
the broadcasting  satellites operating  in the 12 G H z band. C ertain frequency bands were allocated  fo r this purpose 
to the fixed-satellite service (Earth-to-space), bu t lim ited for the feeder links to  the b roadcasting  satellites. The 
influence o f the atm osphere on feeder links is considered in C hapter 3. Also R eport 215, § 4.4 gives a m ethod for 
partition ing  o f noise contribu tion  between feeder and  dow n links.

10. Modulation and bandwidth considerations

10.1 Technically suitable methods o f  modulation

There are a large num ber o f possible m ethods o f m odulation  for the broadcasting-satellite service, the 
choice depending on several factors. This section discusses different technically  suitable m ethods for the 
broadcasting-satellite service in all the frequency bands allocated to  this service.
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As regards the broadcasting-satellite service in the 12 G H z band , it should be borne in m ind  that the 
p lann ing  at the W ARC-BS-77 was carried out on the assum ption tha t a television program m e w ould have only 
one sound channel, transm itted  using a frequency-m odulation sub-carrier positioned at the inter-carrier spacing o f 
the television system used in the service area under consideration. N evertheless, the W ARC-BS-77 did  no t exclude 
the use o f m odulation  signals having different characteristics, p rovided that the use o f those d ifferent characteris
tics d id  no t result in greater interference than  th a t caused by the system considered in the Plan.

10.1.1 Analogue television with an associated sound channel

This section relates to  the broadcasting  o f an  analogue picture signal associated w ith a sub-carrier 
for one analogue sound channel.

The two types o f analogue m odulation  best suited to  satellite television broadcasting  seem to be 
vestigial side-band am plitude m o d u la tio n 'an d  frequency m odulation .

F or a given quality o f  service and  a given figure o f m erit o f the receiving installation , frequency 
m odulation  perm its a m uch low er satellite transm itter pow er than am plitude m odulation. However, in 
frequency bands for which there are existing terrestrial television receivers, am plitude m odulation  w ould 
allow  these receivers to  be used w ithout m odification. F rom  the po in t o f view o f  p lanning , frequency 
m odulation  requires w ider channels, but the pro tection  ratios are lower than  for am plitude m odulation , so 
either type o f m odulation  m ay be advantageous, depending on the circum stances.

W hen frequency m odulation  is used, it is desirable that, after dem odulation , the com posite vision 
and  sound signals should be the sam e as in the terrestrial service in the given geographical area; this 
w ould sim plify the design o f  com patible receivers. This im plies the use o f a sub-carrier fo r the sound 
signal at a frequency equal to  the spacing between the vision and  sound carriers used for the terrestrial 
service. H ow ever a sub-carrier o f high am plitude can cause a visible beat pattern  w ith the colour 
sub-carrier, and  a buzz o f the sound. Experim ents by EBU  m em bers have shown tha t the receiver 
bandw idth  need no t be w ider than  is necessary to achieve a good quality  o f the picture alone, when the 
sound sub-carrier has an  am plitude giving about 30% o f the to tal peak-to-peak deviation o f  the carrier. 
N evertheless, in som e o f these experim ents the best signal-to-weighted-noise ratio  which was achieved for 
the sound was 50 dB, as a result o f buzz caused by varia tions in g roup  delay o f the receiver filter 
characteristics. I f  better sound quality is required (for exam ple, w ith a signal-to-weighted-noise ratio  o f 
60 dB), it m ay be necessary to  abandon  the analogue sub-carrier princip le, and  to transm it the sound by 
other m ethods. O ne suitable m ethod could consist o f using a separate R F  carrier w ith the sam e m odulation  
characteristics as those which m ay be used for sound broadcasting  from  satellites.

In frequency-m odulation  television, the signal bandw idth  lim itation  arising from  radio-frequency 
and  interm ediate-frequency filtering causes d istortion  w hich m ay significantly im pair the picture quality. 
The m ost critical p a rt o f the system in this respect is the receiver; this m ust have cheap and  sim ple filters, 
which m ay not be phase-corrected. In the absence o f sub-carriers for the sound signals, the m ost critical 
d istortions for a colour picture are the d ifferential phase and  gain o f  the colour sub-carrier. These 
d istortions should be taken in to  account when deriving the relationship  between the frequency deviation  
and  the equivalent rectangular bandw idth  o f the receiver. Studies m ade by EBU m em bers have show n th a t 
it is possible to  obtain  reasonable values o f the distortions, as m entioned in Table 1-IX with a 
peak-to-peak frequency deviation o f approxim ately  14 M H z/V  at the reference frequency o f the p re 
em phasis characteristic, and  a receiver bandw idth  o f 27 M Hz. Studies carried  out in Jap an  (R eport 632) 
w ith the 525-line M /N T S C  system have show n tha t there are suitable com binations o f carrier frequency 
deviations due to a video and  a sound sub-carrier signal and  the sub-carrier frequency deviation  due to  a 
sound signal which m ake it possible to  obtain  the required signal-to-noise ratios w ithout producing  a 
visible beat pattern  and  trunca tion  noise.

10.1.2 Analogue television with several sound channels

This section describes the m odulation  m ethods which enable several sound channels and  an  
analogue picture signal to  be broadcast in the same radio  frequency channel.

10.1.2.1 Objectives

There will p robably  be a need in the future for a capability  w ithin the satellite b roadcasting  
channel for a num ber o f sound channels beside the picture and, if  possible, for using th a t capability  
flexibly for the em ission o f high quality sound (including stereophony), m ultilingual com m entaries an d  
even d a ta  o r sound not directly related to  the picture.
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The systems used for this purpose in the 12 G H z ban d  in Regions 1 and  3 will have to  meet the 
requirem ents laid dow n by W ARC-BS-77 relating, inter alia, to  the occupied  bandw id th  and  interference 
w ith o ther services; sim ilarly, the decisions o f the 12 G H z broadcasting  satellite p lann ing  conference for 
Region 2 (R A R C  SAT-R2) will have to be followed. Furtherm ore, it is desirable th a t the standards for the 
sound accom panim ent in b roadcasting  by satellite and  terrestrial transm itters in the long term  be brought 
in to  line. In  the short term , however, com patib ility  w ith existing receivers is a less critical p roblem  in 
satellite broadcasting  in so far as inexpensive signal processing circuits can be bu ilt in to  the m odulation  
converter needed for satellite reception.

The sound quality  should be at least as good as th a t attained under the single FM  sub-carrier 
system m entioned in § 10.1.1 above. The follow ing objectives m ay be considered for high quality  
m onophon ic  sound:

— audio  bandw idth : 15 kH z;

— for analogue systems, a signal-to-noise ratio  for 99% o f the tim e o f a t least 50 dB, and , if  possible, 
60 dB as quasi-peak value with the w eighting netw ork described in R ecom m endation  468;

— for digital systems using com panding to  reduce the to ta l bit rate, a dynam ic range equivalent, for 
exam ple, to tha t provided by a basic analogue to digital conversion a t 14 bits per sam ple.

It w ould also be useful to envisage replacing one high quality sound  channel by two or three 
com m entary  channels having the same signal-to-noise ratio  bu t a sm aller bandw idth .

A nother im portan t objective in  designing broadcasting  systems fo r the pub lic  is the cost o f  
receiving equipm ent, which should be kept as low  as possible. The sam e applies to  any changes th a t m ay 
be required in cable d istribution  networks.

10.1.2.2 Frequency multiplexing (see R eport 632)

a) Use o f  several analogue sub-carriers

Frequency-m ultiplexing o f several sub-carriers m odulated  by the sound signals results in  a 
particularly  econom ical arrangem ent for the receiver, at the sam e tim e needing only a m oderate increase in 
the w idth o f the radio-frequency channel. However, in term odulation  between the p ic ture and  sound 
signals, and  between the various sound signals, m ay significantly im pair the quality.

Studies carried out in France and  the Federal R epublic o f G erm any using the video characteristics 
o f  L-SECAM  and G -PA L systems’ have show n tha t if the frequency separation  between the sub-carriers is 
subject to  a tight to lerance, the in term odulation  products fall between the spectral lines o f  the picture 
signal.

I f  a tw o-carrier sound system were adop ted  in terrestrial television, it w ould be desirable th a t the
sub-carrier frequencies in the satellite television system should  be equal to  the spacings betw een the vision
carrier and  the sound carriers in terrestrial television.

Studies carried out in Japan  have show n th a t a second frequency m odulated  sub-carrier and  pulse 
tim e m ultiplexing m ay be used to transm it up  to six additional sound channels w ithout increasing the 
bandw idth  o f the receiver.

b) Use o f  a digitally m odulated sub-carrier

From  the m any possibilities, one tha t is o f special in terest is th a t in which a single sub-carrier is 
m odulated  by a digital m ultiplex having a b it rate o f approxim ately  700 k b it/s , 1400 k b it/s  o r 2100 k b it/s  
(i.e. the equivalent o f two, four o r possibly six high-quality m onophon ic  sound channels).

c) Use o f  a digitally m odulated sub-carrier plus a sub-carrier with analogue F M  modulation

The possibility o f b roadcasting  sim ultaneously an analogue sub-carrier and  a digitally m odulated  
sub-carrier w ould m ake it possible, depending upon  the natu re o f  the receiver used, to  offer two 
possibilities, nam ely:

— the possibility, which w ould lead to  very econom ical receivers, o f  the reception  o f a television 
program m e having a good quality m onophon ic sound channel, and

— the possibility o f access, in add ition , to  several com plem entary  services, such as h igh-quality  
stereophonic o r m onophonic sound channels, com m entaries, sub-titles, teletext and  add itiona l sound 
program m es. The bit rate w ould have to  be chosen so as to  m ake possible at least the equivalen t o f 
four high-quality sound channels.

In  order to  attain  those objectives, the analogue sound sub-carrier m ust m ake it possible to  ob ta in  
good sound quality, while the bit rate o f  the digital sub-carrier m ust be at least 1.4 M b it/s  w ith a bit erro r 
ratio  o f less than  10 - 4  for a C / N  ratio  greater than  10 dB.
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In  the case o f  an analogue sub-carrier and  a digital sub-carrier, supplem entary constrain ts become 
evident at the level o f the digital sub-carrier filters at the sending and  receiving ends. In  effect, the 
sending-end filter has, in this case, to  ensure the adequate protection  o f the analogue sub-carrier, which 
necessitates a greater reduction  o f  the spectrum  o f  the digital sub-carrier. Similarly, the digital dem odulator 
filter has to be narrow  enough to  ensure good separation  betw een the digital sub-carrier and  the analogue 
sub-carrier. F or a given b it rate, these constrain ts render the search for a satisfactory com prom ise between 
the characteristics o f  the sending-end and  receiving-end filters m ore difficult than in the case o f  a single 
digital sub-carrier.

10.1.2.3 Time-division multiplexing

The procedures fo r setting up a digital m ultiplex m ay be sim ilar to those described in  R eport 954.

a) Baseband insertion o f  digital audio signals in the line-blanking interval

The insertion o f digital audio  signals in the line-blanking interval is an  attractive technique because 
it enables high-quality signals to  be transm itted  w ithout increasing the w idth o f the baseband or the 
R F  channel.

This technique m ay also be used in  satellite b roadcasting , with sim ilar constrain ts as fo r terrestrial 
television (see R eport 958). However, d isregarding the receiver cost, which is no t so im portan t in the case 
o f  com m unity reception, com patib ility  w ith existing receivers w ould be less critical in the case o f satellite 
television. This is because the signal processing including the regeneration o f the synchronizing pulses, 
could  be perform ed in the converter which m ust in any case be added to  television receivers. Furtherm ore, 
m ulti-path  propagation , w hich m ight cause im pairm ent to  the received picture w hen this system is used 
w ith terrestrial television, should  no t occur in the case o f  satellite broadcasting.

b) Radio-frequency time-division multiplex using the line-blanking interval

The carrier m odulation  is analogue FM  during the active period o f the lines and  digital during the 
line-blanking interval. These systems have a higher po ten tia l capacity  than  those using baseband  insertion, 
b u t require additional equipm ent to  be installed in the receiver. Furtherm ore, it is no t possible to  introduce 
systems o f  this type u ltim ately into terrestrial television, even by m eans o f a transito ry  phase, during  which 
the new system and  the present system w ould have to  co-exist. 1 These systems can thus be used only in 
satellite broadcasting.

10.1.2.4 Combinations o f  the above techniques

In order to  increase the num ber o f sound channels (in satellite broadcasting) it is possible to  
envisage com binations o f systems w ith sub-carriers and  systems using baseband insertion  into the 
line-blanking interval.

10.1.3 Digital television

This section discusses digital m odulation  as a candidate technique fo r the transm ission o f  television
signals.

D igital encoding o f television signals, as well as data-com pression techniques for p icture in fo rm a
tion  redundancy reduction are currently  under intensive study and investigation (R eport 629). A 
broadcasting  link using d irect carrier m odulation  by the digitized video represents another alternative to 
an a lo g u e /F M  m odulation.

A nnex I com pares the pow er and  bandw idth  requirem ents o f an a lo g u e /F M  and  digital m odulation  
fo r 525-line system M /N T S C  (USA, C anada) as a function  o f system param eters such as signal-to-noise 
ratio , data  rate and  digital m odulation  techniques.

Digital m odulation  has po tential advantages over an a lo g u e /F M , including the possibility o f low er 
satellite transm itter pow er and  narrow er channel bandw idth  requirem ents if  a sufficiently low b it rate  can 
be achieved.

W hile this approach  w ould be currently  too  expensive to  im plem ent for individual reception , the 
cost m ay no t be prohibitive fo r com m unity reception (R eport 632). It is also likely tha t decoder hardw are, 
once standardized, will show the same dram atic  decrease in cost as has occurred with o ther digital 
hardw are such as com puters and  calculators.

For further inform ation  about digital m odulation  techniques see § 6  o f  R eport 632.



Chapter 1 29

10.1.4 Analogue component television signals

Future television receivers are expected to have an inpu t socket for com ponen t signals ( Y U V  or
R G B ) and  it m ay be possible to exploit this feature by transm itting  the signal in com ponen t form. This
could have im portan t advantages in the future developm ent o f  systems. They are:

— reduction o f chrom inance noise by shifting the chrom inance in fo rm ation  away from  high video 
frequencies where the noise levels are greatest;

— im provem ent in quality arising from  direct com patibility  w ith program m e source m aterial generated as 
co lour com ponents;

— m ore efficient use o f  the bandw idth , by em ploying receiver processing, offers a com patib le m ethod o f 
ob tain ing an extended definition system (R eport 801);

— reduction o f the im pairm ents which arise from  present in -band  co lour systems (e.g. cross co lour, cross 
lum inance, etc.).

O ne form  o f com ponent transm ission is under study. It em ploys a tim e-division m ultiplex o f the
lum inance and chrom inance analogue com ponents which are com pressed in time.

10.2 Required bandwidth fo r  frequency modulation television

D etailed in form ation for bandw idth  requirem ents for different system types for frequency bands o f 
700 M Hz, 2.6 G H z and 12 G H z is given in R eport 215.

10.3 Energy dispersal in feed er and  down links

Energy dispersal is used in connection with FM -TV transm issions via FSS satellites in o rder to reduce 
interference to  other systems which share the sam e frequency bands. In the case o f b roadcasting-satellite 
transm issions, energy dispersal m ay be required on the dow n link in order to protect terrestrial radio-relay  links 
while, on the feeder link, it may be required in order to protect transm issions to fixed-service satellites at 
neighbouring orb it locations, sharing the same frequency bands (e.g. 14 to 14.5 G H z). {Note.  — The E arth-space 
allocations o f the follow ing bands are lim ited to  feeder links for the BSS: 10.7 to  11.7 G H z in Region 1, 14.5 to
14.8 G H z for countries outside Europe and for M alta and  17.3 to  18.1 G H z (worldwide)).

In general, the required energy dispersal bandw idth  is different in the two directions o f transm ission, 
typically being greater on the feeder link. O n the other hand , it is desirable to use the sm allest possible dispersal 
bandw idth  on the down link so that the cost o f  rem oving the dispersal signal in hom e television receivers can be 
minim ized. Sim ilarly, dispersal at the television line frequency m ay be m ost effective in the feeder link for 
protecting fixed-satellite transm issions, while a television fram e frequency dispersal signal m ay be less expensive to 
rem ove on the dow n link. If  such a conflict arises between the requirem ents for the feeder and  dow n links, 
consideration  should be given to energy-dispersal m odulation  conversion in the b roadcasting  satellite as one 
possible m eans o f im proving orbit conservation. Further study is required  on the need for and  practicability  o f 
this technique (R eport 215).

11. Characteristics of ground receiving equipment (see also § 4 of C hap ter 2)

The characteristics to be adopted  for ground  receiving equipm ent for broadcasting-satellite systems offer a 
wide range o f choice. These characteristics influence the size, mass and  com plexity o f the satellite required  to 
provide a given quality o f service because o f the com prom ise that m ust be m ade betw een receiver sensitivity and  
the pow er radiated  by the satellite. They themselves are affected by the broadcasting  standards selected. In 
particu lar, the characteristics o f the ground receiving equipm ent will depend on w hether it is required  to receive 
only television signals (with only one or with m ore than  one, accom panying sound signal), o r only sound signals, 
or both.

It appears that signals b roadcast from  satellites could be received, not only by equipm ents o f  new design, 
but in some cases by existing receivers fitted with adaptive devices, provided tha t suitable standards were adopted  
for the satellite transm ission.

A distinction should be m ade between installations intended for com m unity reception and  for individual 
reception.

11.1 Individual and community reception

Possible receiving systems m ust cater for one o f two types o f reception, nam ely “ individual recep tion” or 
“com m unity reception”. R eport 215 presents typical values o f the pow er flux-density required for individual and  
com m unity reception systems for the three frequency bands (700, 2500 and  12 000 M Hz) o f prim ary interest to 
satellite broadcasting.
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The signal-to-noise ratio  for com m unity reception should be 3 to 5 dB higher than the value given for 
ind iv idual reception. This is justified  to com pensate for the degradation  introduced by the d istribution  network, 
e.g., cable or re-broadcasting, and to  provide a sufficient quality for collective viewing on large screens.

11.2 Receiving equipment

The overall characteristics o f  the receiving term inal are specified by the figure o f m erit, G / T  (see 
R eport 473). The d ifferent sub-system s o f  the receiving term inal m ay be chosen so tha t the overall value o f G / T  is 
a tta ined  and  the system will be the m ost econom ical.

A typical receiving term inal consists o f the follow ing sub-systems:

— an tenna ,
— inpu t stage,
— interm ediate-frequency stage,
— dem odulator a n d /o r  m ode adapter.

Exam ples o f com m unity reception systems are given in Table 1-XIII.

T A B L F 1 -X I I I  -  Experimental ground receiving equipment characteristics
(Community reception)

System ATS-6 ATS-6 CTS BSE-Japan Anik-B

Frequency (GHz) 0.860 2.5 12 12 12

G /rO M dB flC -1)) - 6 + 8 + 15 + 16 + 13 and +16.5

Antenna

Dia. (m) 3 3 1.8 1.6 1.2 and 1.8

Material
Expanded 

aluminium mesh
Epoxy

fibreglass
Epoxy

fibreglass
Aluminium 

press-stretch (2) Aluminium

Tracking None
Limited
manual

Limited 
step track None None

Input stage
Bipolar silicon 

transistor
Bipolar silicon 

transistor Image enhanced diode mixer
GaAsFET
amplifier

Noise figure (dB) 6.5 4 6 4.5 4.5

Number o f channels 1 1 1 2
Continuously 
tunable over 

500 MHz

Number of frequency 
changes 1 None 1 1 1

Intermediate frequency 
(MHz) 70 None 70 400 900 to 1400

(0  Not taking into account pointing and polarization losses and ageing degradation (0 ).  

(2) An example.

12. Examples of television system parameters

Tables 1-XIVa and  UXIVb present exam ples o f com m unity reception and  individual reception  television 
systems respectively with different frequencies, operating  and  quality  conditions. C olum ns 1 to 7, 9, 12 and  14 
to  18 refer to television system M, C olum ns 1 to  7 and 9 for com m unity reception and  C olum ns 12 and  14 to  18 
for ind iv idual reception.
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C olum n 13 relates to  individual reception with systems G, I o r L; the calculations are based on angles o f 
elevation from  20° to 45° using a value for the peak-to-peak deviation o f 13.3 M H z for 1 V o f video signal at the 
reference frequency o f the pre-em phasis curve in R ecom m endation 405. In the exam ple described by th is colum n, 
the sound channel is constitu ted  by the sub-carrier at a frequency o f 6  M H z, m odulated  with a 50 kH z 
peak-to-peak deviation, which produces a carrier deviation o f ±  2.8 M Hz.

For the exam ples relating to system M (USA, C anada) a value o f 43.3 dB is assum ed for the lum inance 
signal-to-weighted r.m.s. noise ratio  at the edge o f beam , this value being representative o f the prim ary  reception 
quality; for secondary quality , a value o f 36.3 dB could be adopted , which w ould require an e.i.r.p. only 1.5 dB 
below the value for prim ary quality.

For the exam ple relating to systems G , I and L, and  with the figure o f m erit given in R eport 473, the 
signal-to-noise ratios rem ain respectively above the values o f 33 dB (unweighted) for lum inance and  50 dB 
(weighted) for sound for 99% o f the m ost unfavourab le m onth (in European clim atic conditions) th roughou t the 
entire service area during the entire useful life o f the satellite and the receiving installation  and  with the angle o f 
elevation giving the least favourable result. U nder the same conditions, the carrier-to-noise ratio  at the receiver 
input rem ains above 10 dB for 99.9% o f the m ost unfavourable m onth  with the atm ospheric m argin defined in 
§ 2.4 o f R eport 215.

Colum n 8 o f Table 1-XIVa refers to a com m unity reception system which m ay be considered practical and  
econom ical in the use o f space and  Earth segments, although the grade o f service (S / N  and  m argin above 
threshold) is lower than that in Colum n 4. For some applications, such reception m ay be subjectively satisfactory, 
and, where lim ited num bers o f receiving term inals are expected, such a system could be used for individual 
reception although the receiver G / T  is higher than  for typical individual receivers (R eport 215).

C olum n 9 o f Table 1-XIVa relates to the p re-operational use o f the 14/12 G H z portion  o f the C anad ian  
Anik-B satellite, located at 109° W longitude. The 14/12 G H z portion  o f Anik-B is a m ulti-function  system, being 
used for voice and data  transm ission, audio and  video teleconferencing for tele-health and  tele-education 
applications, as well as for television broadcasting  to individual and  com m unity term inals. F or this reason the 
values in the “required” e.i.r.p. and satellite transm itter pow er rows o f C olum n 9 refer to  the actual spacecraft 
values, not necessarily to  values which would have been used if the system were designed and  operated  solely as a 
d irect-broadcasting satellite. In its BSS m ode o f operation , the satellite is being used in a Field trial o f  netw ork 
television program m e delivery to approxim ately 100 locations in two parts o f C anada: no rthern  O ntario  and  
British Colom bia. Some Fifty 1.2 m term inals are being used in the central p art o f the O ntario  beam  for bo th  
individual and com m unity reception. A sim ilar num ber o f 1.8 m term inals are being used, som e in the fringe areas 
o f the O ntario  beam  and  some in the central part o f the British C olum bia beam  to receive two netw ork television 
signals being transm itted  through the same 20 W transponder. The results ob ta ined  to date  in the field trials 
indicate that fully-operational dedicated 12 G H z broadcasting-satellite systems w ith received m axim um  pow er 
flux-density values in the —105 d B (W /m 2) to — 1 1 0 d B (W /m 2) range m ight be used (R eport 215). These pfd 
values can be achieved in clear air by e.i.r.p. values o f 58 and 53 dBW  respectively. Assum ing the gain o f an 
an tenna with a 2° circular beam , this w ould require satellite pow er ampliFiers o f  140 W and 45 W respectively per 
channel (R eport 215).

The system exam ples at 23, 42 and  85 G H z are shown in C olum ns 5, 6 , 7 and  18 o f Table 1-XIVa and 
1-XIVb. This is done for purposes o f com parison with 12 G H z systems, assum ing tha t all systems use the existing 
525-line television standard , though in some cases, these frequency bands m ight be used for d ifferent television 
standards not com patible with the existing systems (R eport 801). Therefore this is not to im ply that the param eter 
values shown represent an optim um  or even feasible system.

For com parison purposes, some param eters in Colum ns 5 and  6  contain som e o f the sam e assum ptions as 
the exam ple in C olum n 3 for 12 G H z, i.e., beam w idth o f the receiving an tenna and  lum inance signal-to-w eighted 
noise ratio. Thus the required satellite transm itter powers are 440 W, 1.7 kW and  43 kW , which are higher than  
those at 12 G H z, but this is not to say that these systems will not be im plem ented.

C olum ns 10 and 11 are for high-definition television systems (R eport 215). Exam ples at bands above 
12 G H z are prelim inary, e.g. it is not certain w hat the relative sizes o f com m unity and  individual earth  stations 
will be.

C olum n 16 refers to one possible individual reception system designed to  provide three channels o f 
television to all o f the contiguous U nited States (CO N U S). SigniFicant efforts were m ade to balance picture quality  
considerations and total system costs, including several m illion hom e receiving installations. F our operating  
satellites are used to provide C O N U S service, with each satellite serving (approxim ately) one o f four tim e zones in 
C O N U S from a location sufFiciently west so tha t eclipses do not start until after 0200 h local time. An orbital 
separation  o f 20° is provided between satellites to re-use the same three frequencies. The param eters listed in
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C olum n 16 under section 2 (receiving installation) are values used for a typical location. Locations w ith different 
p rec ip ita tion  attenuation  values have different e.i.r.p. requirem ents (between 55.3 and 58.2 dBW ). Receiving 
installations with 0.6 m and 0.9 m an tennas are also used to  further equalize the grade o f service. Feeder links at 
17 G H z for all satellites originate from  a com paratively sm all area (230 km  radius) inside the westernm ost 
b roadcast service area; accordingly, the feeder links for the three easternm ost satellites originate outside their 
b roadcast service areas. This sm all area can be covered from  the satellites w ith a spot beam  which is about 0.8° 
w ide an d  which results in  a high satellite G / T  (about + 8  d B (K _1). Because o f  the high satellite G / T  and  the fact 
tha t the station is in rain  clim atic zone 5 (least rain), the station can meet all system requirem ents under virtually 
all a tm ospheric a ttenuation  conditions. An 11 m an tenna (63.5 dB gain) and three 200 W  transm itters (one for 
each channel) are used to  feed program m ing to each o f the four satellites, w ith enough m argin to  overcom e rain  
attenua tion  for all but abou t 10 m inutes per year (R eport 215).

Some adm inistrations m ay find it necessary to  use the 40 and  80 G H z bands to  establish systems in the 
fu ture because o f  frequency congestion in  o ther bands, o r because o f  heavy terrestrial use o f low er bands, in 
particu la r 11.7 to 12.2 G Hz. In such cases, the use o f  low er values o f S / N ,  less m argin for atm ospheric 
a ttenuation , and sm aller satellite and  receiving installation  an tenna beam w idths m ay be acceptable. These savings, 
in  conjunction  with lower loss and  low er noise tem perature designs all have the effect o f reducing the required 
satellite transm itter pow er to  levels tha t m ay be technically  and econom ically feasible.

Table 1-XV is in tended to illustrate a sim plified form  o f  presen tation ; num erical values should, o f course, 
be revised if  necessary to  take into account any new system examples.

13. Satellite sound broadcasting

13.1 M ethods o f  modulation

W hen sound broadcasting  is the m ain  service on the carrier(s) considered, the follow ing m ethods o f 
m odu la tion  m ay be used.

13.1.1 Analogue methods o f  modulation

Am ong analogue m ethods o f  m odulation , it seems preferable to  use frequency m odulation  with the 
sam e standards as those used for terrestrial sound broadcasting (see R ecom m endations 412 and  450); bu t 
they could be different in certain  cases. In particu lar, it m ay be desirable to  use a higher deviation in order 
to  reduce the necessary satellite transm itter pow er, especially in the frequency bands where new  receivers 
o r additional equipm ent for existing receivers w ould in  any case be required.

F or stereophonic broadcasting  using a frequency-m odulation m ultiplex system (R ecom m enda
tion  450), it is necessary to  increase by abou t 20 dB the values o f field strength, pow er flux-density, and  
satellite e.i.r.p. or the figure o f m erit o f the receiving earth  station. S tereophony could also use two 
identical channels, carrying the left and  right signals, bu t there m ay be som e problem s for com patible 
m onophon ic reception.

13.1.2 Digital m ethods o f  modulation

F or the broadcasting o f a large num ber o f sound channels, it m ay be advantageous to  use T D M  
digital techniques.

The in form ation on digital coding characteristics o f high quality  sound signals with 15 kH z 
bandw idth  is given in R eport 953.

13.1.2.1 Organization o f  a digital multiplex

In  the case o f digital m odulation  systems, two kinds o f p rocedure m ay be used to  reassign the 
capacity  o f a m ultiplex to  sound channels o f different characteristics (or even to d a ta  channels) depending 
on the dem and. O ne is the organization  o f the m ultiplex for continuous transm ission and  the o ther packet 
transm ission. The latter consists o f grouping the d a ta  in to  packets consisting o f two parts:

— an area term ed the “p refix” which is used to  synchronize the receiver and  to  identify  the source o f the 
data,

— a useful d a ta  field.
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TABLE 1 -X I V a  -  Examples o f  community reception television system parameters

Param eter (’) 1 2 3 4 (’*) 5 6 7 8 9a 9b O 10 11

1. System

Frequency o f  carrier (MHz) 700 2600 12000 12000 22750 42000 85 000 12 500 12000 12000 22 750 41 500

Type o f  m odulation FM FM FM FM FM FM FM FM FM FM FM FM

Angle o f  elevation (degrees) 25-70 > 1 0 > 1 0

Approximate equivalent rectangular bandwidth 
(MHz) 19 20 17 25 40 40 44 17.5 18 18 125 125

Carrier-to-noise ratio  before demodulation 
(exceeded for 99% o f  the time) (dB) (2) 16 15 18 22 11 11 11 11 9 8.5 17 17

Num ber o f  lines in system 525 525 525 525 525 525 525 625 525 525 1125 1125

Corresponding luminance signal-to-weighted r.m .s. 
noise ratio (edge o f beam) (dB) (3) 43.3 43.3 43.3 50 43.3 43.3 46 O 46 (1“)

Luminance signal-to-unweighted noise ratio 
measured in a nominal bandwidth (edge o f 
beam) (dB) (4) 31.8 31.8 31.8 36.2 38 31.8 31.8 29.3 40 40

Audio-frequency signal-to-weighted noise ratio 
(weighting specified in Recommendation 468 pre
emphasis is 50 /is) m easured in a 15 kHz audio
frequency band (edge o f beam) (dB)

2. Receiving installation

Figure o f merit, C /7 ; (d B (K '1) ) ( ’J) 24 14 11 15

System noise factor (dB) (5) 5.6 5.6 5.6 4.4 4.5 4.5 4.5

System noise tem perature (K) 750 750 750 500 1100 670 970 970 1100 1100

Noise power in radio-frequency bandwidth for the 
above noise factor (dBW) (•) -1 2 7 -1 2 7 -1 2 8 -  127.6 -1 2 2 .2 -1 2 3 .7 -1 2 2 .7 -1 2 7 .9 -  126.2 —126.2 -1 1 7 -  117

Carrier power required (dBW) -111 -1 1 2 -1 1 0 -1 0 5 .6 -1 1 1 .2 -1 1 2 .7 -1 1 1 .7 -1 1 6 .9 -1 1 7 .2 -1 1 7 .7 -1 0 0 - 1 0 0

Antenna diam eter (m) (7) 3.4 3 1.5 3.66 0.8 0.5 0.254 1.4 1.2 1.8 0.8 0.5

Receiving antenna gain, relative to  an isotropic 
source (dB) (*) (*) 25 36 43 50.7 43 44 44 42.3 41.6 45.2 43 44

Effective area o f antenna, S (m2) 10 log S 7 6 0 7.6 - 5 .6 - 9 .6 - 1 5 .6 -1.34 2.19 5.6 - 9 .6

Required flux (edge o f beam) (99% o f the time) 
(dB(W /m 2)) -1 1 8 -1 1 8 -1 1 0 -1 1 3 .2 -  105.6 -103 .1 -9 6 .1 - 1 1 4 . 8 0 - 9 4 - 9 0

Equivalent field strength (edge o f  beam):

(dB(//V/m)) 28 28 36 32.6 42.9 49.9 31.2 51.4 55.4

(^V /m ) 25 25 63 42.7 140 310 372 589

Free-space attenuation between isotropic sources 
39 000 km apart (dB) 181 192 206 206 206 206 211 216

Total atm ospheric attenuation exceeded for less 
than 1 % o f the time (dB) (10) 0 0 1 1.6 1.6

Free-space attenuation between isotropic sources 
35 786 km apart (dB) 210.6 217 223 204.9 204.9

Additional free-space attenuation (dB) 2 0 2 0 2 0 2 2

Additional loss equivalent to up-path noise (pro
visional value) (dB) 0.4 0.5 0.5 0.5 0.1 0.1 0.5 0.5

Atmospheric attenuation for 99% o f  the most 
unfavourable m onth 1 4 8 15 4 8

Required e .i.r.p . from satellite at beam edge (dBW) 45 44 54 51.2 62.9 69.3 83.3 47 49.5 45 75 83

3. Satellite transmitter

Antenna beamwidth at - 3  dB points (degrees) 1.4 1.4 1.4 2.3 1.4 1.4 1.4 2.4 2 2 1 0.6 0.6

Antenna gain at the edge o f service area, relative to 
an isotropic source (dB )(12) 38 38 38 33 38 38 38 33.2 36.5 36.5 41 46 46

Loss in feeders, filters, joints, etc. (dB) 1 1 1 1 1 1 1 1 1 1 1 1 1

Required satellite transm itter power: (dBW) 8 7 17 19.2 26.4 32.3 46.3 14.8 13 8.5 35 30 39

(W) 6.3 5 50 83 440 1700 43 000 30 20 7 3200 1000 8000
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TABLE 1 -X I V b  -  Examples o f  individual reception television system parameters

Parameter (i) 12 13(H) 14 15(15) 16 17(20) 18

1. System

Frequency of carrier (MHz) 700 12000 12000 12000 12500 12000 22750

Type of modulation FM FM FM FM FM FM FM

Angle of elevation (degrees) 20 a 45 10 10-44 30-50

Approximate equivalent rectangular bandwidth 
(MHz) 19 27 23 18 16 27 40

Carrier-to-noise ratio before demodulation 
(exceeded for 99% of the time) (dB) (2) 16 14 13.5 17.7 16 14 11

Number of lines in system 525 625 525 525 525 525 525

Corresponding luminance signal-to-weighted r.m.s. 
noise ratio (edge of beam) (dB) (3) 43.3 43 44 44

Luminance signal-to-unweighted noise ratio 
measured in a nominal bandwidth (edge of 
beam) (dB) (4) 31.8 33.5 29.2 30.2 34 38 38

Audio-frequency signal-to-weighted noise ratio 
(weighting specified in Recommendation 468 pre
emphasis is 50 ps) measured in a 15 kHz audio
frequency band) (edge of beam) (dB) 50

2. Receiving installation

Figure o f merit, G/T, (dB(K-1)) (13) 6 12 8.8

System noise factor (dB) (5) 6 8 . 4.4 4.5

System noise temperature (K) 546 600 1100

Noise power in radio-frequency bandwidth for the 
above noise factor (dBW) (6) -1 2 5 -1 2 3 -  129 -  129.2 -1 2 6 .5 -  122.2

Carrier power required (dBW) -1 0 9 -1 09 .5 -  111.3 -1 1 0 .2 -112 .5 -1 1 1 .2

Antenna diameter (m) (7) 1.0 1.0 0.75 1.1(21) 0.5

Receiving antenna gain, relative to an isotropic 
source (dB) (8) (9) 16 39.4 39.4 36.8 40.6 39

Effective area of antenna, S (m2) 10 log S - 2 - 3 .6 - 3 .6 -6 .1 - 3 .6 - 9 .6

Required flux (edge of beam) (99% of the time) 
(dB(W/m2)) -1 0 7 -1 0 3 -  105.9 -  107.7 -  105.5 -1 0 8 .9 -  101.6

Equivalent field strength (edge of beam):
(dB(/iV/m)) 39 42.8 40.3 38.1 40

(/iV/m) 89 138 103.5 80.3 100

Free-space attenuation between isotropic sources 
39 000 km apart (dB) 181 205.6

Total atmospheric attenuation exceeded for less 
than 1% of the time (dB)(i0) 0

Free-space attenuation between isotropic sources 
35 786 km apart (dB) 205.1 205.9 205.9 210.6

Additional free-space attenuation (dB) 0.8 1.0 2(H)

Additional loss equivalent to up-path noise (pro
visional value) (dB) 0.5 1.0 0.4 0.2 0.2 0.5

Atmospheric attenuation for 99% of the most 
unfavourable month 2.5 2 2 (21) 4

Required e.i.r.p. from satellite at beam edge (dBW) 56 62.2 61 56.7 57 54.7 66.9

3. Satellite transmitter

Antenna beamwidth at - 3  dB points (degrees) 1.4 1 1.8 2.3 2.3(0.6)(19) 1.4

Antenna gain at the edge of service area, relative to 
an isotropic source (dB)(i2) 38 41 36 34 35.5 37 38

Loss in feeders, filters, joints, etc. (dB) 1 1.5 1.0 1.0 1.2 1.0

Required satellite transmitter power: (dBW) 19 24 26 23.7 22.7 20 30.4

(W) 80 251 400 235 185 100 1100
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N o te s  re la tive  to  Tables 1 - X I V a  and  1 - X I V b :

(1) In columns 1, 2, 3, 6, 7 and 12 no account was taken o f pre-emphasis. For columns 4, 14 and 15 the use o f pre-emphasis as specified in 
Recommendation 405 was assumed.

(2) The carrier level considered is the r.m.s. value o f the unmodulated carrier and the carrier-to-noise ratio at threshold is assumed to be 
11 dB in columns 1, 2, 3 and 12 and 10 dB in column 13. In columns 13 and 14, the threshold is assumed to be reached for 0.1<Vo of the 
most unfavourable month.

(3) These values will normally be degraded slightly (typically by 0.5 dB) by the noise contribution of the Earth-to-satellite path. The values 
are derived assuming weighting according to Recommendation 567, Annex II to Part C.

(4) The term equivalent to the noise on the Earth-to-sa:tellite part was explicitely introduced with a tentative value in column 13. In the 
same column the luminance signal-to-noise ratio is indicated as an unweighted value, particularly owing to the existence of different 
weighting networks in systems G, I and L. For the sound signal-to-noise ratio, the weighting is that specified in Recommendation 468.

(5) A pre-amplifier or frequency-changer near the antenna is assumed.

(6) The figure listed in columns 1, 2, 3 and 12 are valid for an antenna temperature of about 300 K. The antenna temperature assumed 
in column 14 is 100 K.

(7) For individual reception at 700 MHZ, the receiving antenna is assumed to be a crossed yagi or a helical array with a gain o f 16 dB: 
paraboloid antennas are assumed for the other cases. For community reception at 12 GHz, the choice o f a 1.5 m paraboloid antenna 
was to some extent dictated by beam pointing considerations and satellite positional errors. For column 14 other antenna sizes such 
as 75 cm may be used depending on the G / T  chosen.

(8) An antenna efficiency of 55% is assumed.

(9) Circularly polarized antennas are assumed at both the transmitting and receiving ends. Allowances for ellipticity losses due to 
imperfections in the antenna, movement of the supporting structures, etc., and perturbations in the position o f the satellite have been 
included in the margin above threshold.

(10) These examples apply to an angle of elevation of 30° and to temperate climates, where atmospheric attenuation is negligible at 700 MHz 
and 2600 MHz and small at 12 GHz. In other regions, especially tropical and sub-tropical areas, atmospheric attenuation will require 
a higher margin.

(11) These examples apply to European climatic conditions.

(12) In the example taken for columns 1, 2, 3 and 6, the beamwidth would cover an area about 1000 km in the east-west direction and 
about 1000 km or more (depending on the geographical latitude) in the north-south direction. The example taken for columns 7 and 12 
may correspond to the coverage of a European country of average size. In this example, a reduction o f AG0 equal to 3 dB o f the antenna 
gain at the edge of beam in relation to the maximum gain was assumed. For the same coverage area, the parameter AG0 may be chosen 
arbitrarily in a range from about 3 to 6 dB. This results in a variation of the maximum antenna gain, but the required satellite transmitter 
power remains practically unchanged. In the case of an elevation angle of 15°, if we take, for example, AG0 = 4.34 dB, which 
corresponds to the theoretically optimum value, the maximum antenna gain is 45.6 dB (instead of 44 dB) and the transmitter power 
is reduced by 0.3 dB.

(13) In accordance with the definition in the example shown in Annex I to Report 473.

(14) Imperfect polarization and antenna pointing loss.

(15) The examples shown in columns 4 and 15 reflect the US assessment of the anticipated state-of-the-art with regard to earth station 
sensitivity; the values given show more sensitive receiving systems than adopted at WARC-BS-77. For community reception (column 4) 
the assessment is based on systems where very large numbers o f earth stations are not required. It also reflects the possibility for 
establishing an improved environment for sharing with the fixed-satellite service in Region 2.

(16) The numbers in column 9b represent the case where two television programmes are transmitted through the same wideband satellite 
transponder. In this application the e.i.r.p. per television programme is 4.5 dB less than that in the case where one programme per 
transponder is transmitted.

(12) No allowance is made for rain attenuation, but receiver performance is assumed to be degraded 1 dB relative to the G / T  assumed 
(14 dB (K ~')) to take account of receiver variations in production, receiver ageing, maladjustment of receivers and antenna pointing errors.

(18) This value is equivalent to a mean subjective grade of 3.5, based on a laboratory test.

(19) This system uses a shaped beam satellite antenna. The first value represents the half-power beamwidth o f an equivalent circular beam
whose coverage area has the same size as that of the shaped beam. The second value (in brackets) is the half-power beamwidth o f the 
individual “beamlets” used to generate the shaped beam; satellite reflector size can be deduced from this value.

(20) The example in column 17 corresponds to a system, in which 27 MHz channel width is used for transmission of frequency-modulated 
television signals (525-line/NTSC System M: Japan).
The output power from satellite transmitter is 100 W, and use of shaped beam transmitting antenna and higher G / T  receiver 
than 6 dB(K_1) are assumed, based on the experiment of the BSE o f Japan.

(21) The diameter of receiving antennas, such as less than 1 m or up to 1.6 m would be selected, depending on the amount of rain attenuation
in each site.
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T A B L E  1 -  XV -  Power flux densities required at the edge o f  the beam on the basis o f  the examples given in Tables I - X I V a  and  
I - X I  Vb *  (System M: (USA, Canada), frequency-modulation television, primary service grade)

Category of power flux- 
density (i)

Power flux-density (dB(W/m2)) at frequency (MHz)

700 2600 12000

High -  101 (I, U) - 9 9  (I, U) 
-9 9 (1 ,  R)

Medium -  107 (I, R)

l 
l 

o 
©

n
o

Low -  114 (C, U) 
-1 1 8  (C ,R )

-  118 (C, U) 
-1 1 8  (C, R)

I: Individual U: Urban
C: Community R: Rural

* The values in dB(W/m2), are the total power flux-density as measured with an antenna that matches the polarization o f the transmitter. 
The required flux density is about 1 dB greater for 625-line systems. The required flux density is approximately 1.5 dB less for secondary 
service rather than primary service. Since the values are the minimum requirements at beam adge, it should be noted that the values will be 
greater in other areas and when propagation conditions are favourable.

(i) These power flux-densities represent an attempt to categorize levels in accordance with Recommendation 566.

F urther studies are necessary on the two possible ways o f organizing the m ultiplex. The packet 
arrangem ent seems m ore flexible as far as evolutive sharing o f  the resource is concerned, bu t care will 
have to  be taken to  avoid transm ission errors resulting in too  high a packet loss o r even desynchronization  
o f  the receiver, which w ould im pair the subjective sound quality  (see R eport 954).

13.1.2.2 M odulation

The m odulation  m ust be selected as a function o f  criteria such as spectrum  congestion, noise and 
interference im m unity. In the case o f individual reception, the choice m ust also take into account the 
sim plicity and cost o f the dem odulator. The m odulation  m ethods which appear to be suitable include two- 
o r four-phase PSK m odulation , continuous phase half-index frequency shift-keying and frequency shift- 
keying using the principles o f partial response coding. The last-nam ed offers the advantage o f a narrow  
pow er spectrum  associated with a constan t envelope (R eport 632, § 6 ).

13.2 Satellite sound broadcasting with portable receivers and  receivers installed in automobiles

The feasibility o f a sound broadcasting-satellite system depends upon  the technical characteristics o f the 
space station , the technical characteristics o f the terrestrial receiving stations, and the system cost.

13.2.1 Quality objectives and suitable m odulation m ethods

Studies perform ed by several adm inistra tions dem onstrate in p rincip le the technical feasibility o f  
sound broadcasting  from  geostationary  satellites using antennas large enough (e.g. 8  to  2 0  m  diam eter at 
1 G H z), providing national coverage, and  designed for reception w ith low-cost portab le dom estic receivers 
and  receivers installed in autom obiles.

For the studies conducted  to  date, the proposed  m odulation  characteristics o f such a system are the 
sam e as those used in the V H F sound broadcasting  band. Consequently , the receiver could be identical to  
those available on the current m arket, w ith a sim ple addition  (or exchange) o f the frequency converter at 
the inpu t stage. The receiving an tenna  w ould be small and  w ould have lim ited directivity.
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The service quality  objective to be chosen for satellite sound b roadcasting  m ay have a significant 
effect on  the overall broadcasting-satellite system design and  cost. In  R eport 955 a high quality  sound
channel was assum ed. F or the cases considered, the test-tone to  noise pow er ratio  a t the o u tpu t o f  the
receiver ranged between 40 and  57 dB in a 15 kH z baseband bandw idth . The need for sound  channels o f 
such quality  needs further study taking into account econom ic factors.

13.2.2 Suitable frequency bands

Such a system is feasible in a frequency band  in the vicinity o f  1 G H z. The low er and  upper 
frequency lim its are dictated by the follow ing considerations:

— for the lower lim it (around  500 M Hz):

— the m an-m ade noise increases p roportionally  with decreasing frequency;
— the diam eter o f the satellite transm it an tenna increases p ropo rtionally  with decreasing frequency;

— for the upper lim it (around  2 G H z):

— the effective area o f the receive an tenna which is necessary for such a system dim inishes w ith 
increasing frequency; this entails an  increase in satellite transm it power.

13.2.3 L in k  budget

C ontribu tions by the EBU and  the U nited States have given specific exam ples o f link  budgets for 
certain  angles o f elevation, conditions o f reception (urban or rural) an d  o ther param eters. Table 1-XVI 
gives a reference budget in which a range o f link m argins have been assum ed to allow  for various sources 
o f degradation , while certain  other param eters have been fixed. It can therefore serve to  illustrate  a range 
o f  perform ance for portab le receivers or reception in autom obiles under various conditions and  fo r various 
service qualities; in particu lar the follow ing param eters require further explanation .

13.2.3.1 Carrier-to-noise ratio

A value o f  C / N  o f  10 dB representing the FM  threshold  will give an audio  frequency signal-to- 
noise ratio , w ith the m odulation  param eters indicated, o f abou t 40 dB (C C IR  quasi peak), w eighted, in  the 
case o f 50 ps pre-em phasis, o r a slightly higher value for 75 ps pre-em phasis.

13.2.3.2 Receiving antenna gain

The use o f  a sim ple an tenna (e.g., crossed-dipole or cavity-backed dipoles) giving an effective gain 
o f  3 dB (isotropic) has been assumed. F or stationary  installations, higher receiver an tenna  gain (e.g., a 
helix) can be used thus provid ing  a higher service quality.

13.2.3.3 Carrier frequency

M ost o f the available d a ta  on  the link m argin (see below) has been determ ined for frequencies near 
1000 M H z which has been used for the reference budget o f Table 1-XVI. F o r a constan t receiver an tenna 
gain the required pow er flux-density and  hence e.i.r.p. w ould vary in p ro p o rtio n  to  the square o f the 
frequency in order to  m ain ta in  the sam e signal level in the receiver un d er line-of-sight cond itions; for 
exam ple at 1.5 G H z the required  pow er w ould be 3.5 dB greater. In add ition  to this the frequency also 
affects to  some extent the link m argin needed for a specific service quality. F urther details are given in 
A nnex IV o f R eport 955.

13.2.3.4 L ink margin

F our values o f link  m argin have been assum ed in  Table 1-XVI. These are estim ates o f the 
allow ances required in the various cases listed below. F urther discussion o f this p roblem  is given in 
A nnex IV o f R eport 955.

Case A :  In  this case a m argin o f 6  dB is used. This should give a C / N  o f  a t least 10 dB for 90% of 
receiving points in a rural area, and for an  angle o f elevation o f  the satellite exceeding 70°, corresponding  
to  a service in low -latitude areas. M obile reception  on roads in  these circum stances should  be satisfactory, 
i.e. above threshold, except when close to  tall obstructions tha t w ould be obvious to  the listener.

Case B :  The 15 dB m argin covers the case o f A nnex I o f  R eport 955, nam ely reception  in  an  u rban  area, 
for 2 0 ° angle o f elevation o f  the satellite (high-latitude country) and  to a service quality  corresponding  to  a 
C / N  > 10 dB at 90% o f sites.
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Case C: The 25 dB m argin covers the case o f  reception in u rban  areas where 90% o f areas are served in 
such a way tha t 90% o f receiving points w ithin the area receive a C / N  o f  at least 10 dB. (See § 3.1 o f 
A nnex IV o f R eport 955.)

Case D : As for Case C bu t w ith 95% o f areas having 90% o f points with a C / N  value o f at least 10 dB. 
(See A nnex II o f R eport 955.)

Some ind ication  m ay be given o f  the satellite pow ers required in  specific cases. Low -latitude rural 
coverage in a 2.5° beam  corresponding to  Case A requires a pow er into the satellite an tenna o f the order 
o f  200 W at 1000 M H z ( 8  m antenna) or 400 W  at 1500 M H z (5.5 m antenna). U rban  coverage in a 
1° beam  at m edium  latitude corresponding to  Case C requires pow ers o f the order o f 3 kW  at 1000 M Hz 
(20 m antenna) increasing to  7 kW  at 1500 M H z (13 m antenna).

13.2.4 Sharing considerations

Some studies o f sharing with services presently allocated in the 500 M Hz to 2000 M H z b and  are in 
progress (see R eport 955).

13.2.5 Bandwidth considerations

Based on the param eters with app rop ria te  m odification  used for the p lanning  o f the broadcasting- 
satellite services in  the 12 G H z band  in Region 1, one can conclude from  a study covering alm ost the 
w hole o f A frica and E urope tha t approxim ately  60 channels with a spacing o f 150 kH z and  thus a to tal 
bandw id th  o f about 9 M H z is necessary to  provide one b roadcast sound program m e per country. Sim ilar 
approaches should be possible for o ther Regions.

13.2.6 Feeder-link considerations

R egarding the feeder-link connection  to  the satellite, no  significant study has been m ade. It should, 
how ever, be technically feasible to  provide the audio bandw idth  links w ithin the bands allocated to  the 
fixed-satellite service or those used fo r feeder links to broadcasting satellites, principally  for television, 
possibly w ithout requiring additional spectrum .

T A B L F, 1 -X V I  -  Link budgets fo r  sound-broadcasting satellite systems

Standard of service

A B C D

Type of modulation FM

Type o f polarization circular

Carrier deviation (kHz) ±75

Noise bandwidth (kHz) 250

Carrier-to-noise ratio (dB) 10

Coupling loss (dB) 1

Receive antenna gain (dBi) 3

Receive system noise temperature (K) 2000

Carrier frequency (MHz) 1000

Link margin (dB) 6 15 25 33

Line-of-sight pfd at edge of beam ( - 3  dB), 
(dB(W /m2)) -1 0 6 .4 -9 7 .4 -8 7 .4 -7 9 .4

Equivalent field strength (dB(/iV/m)) 39.4 48.4 58.4 66.4

Maximum spreading loss (dB/m2) 163 163 163 163

E.i.r.p. on axis (dBW) 59.6 68.6 78.6 86.6

13.3 Exam ples o f  satellite sound broadcasting (12 G H z)

Tables 1-XVII and  1-X V III present alternative exam ples o f  param eters fo r providing a num ber o f  sound 
channels each suitable for m onophon ic services for individual reception at 12 G Hz. S tereophonic broadcasts can 
be m ade using two (or m ore) such channels (see § 10). Some sound channels could also be associated with 
television program m es, add itional to  the sound channel transm itted  as p roposed  in § 12 for 625-line television 
systems.
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It is possible to  com bine up  to  four sound broadcasting  carriers on  the sam e tran sp o n d e r with the 
television signal and  its associated sound (system B), as shown in Table 1-XIVa, C olum n 8 . I f  the sound 
broadcasting  carriers are grouped w ithin a frequency range o f 20 M H z, they m ay be b lock-converted  to  the 
88-108 M H z band  for final dem odulation  in standard  V H F m onophon ic  FM  receivers (see E xam ple 6  o f  
Table 1-XVII).

However, it m ust be noted th a t in term odulation  between the carriers w ill degrade the quality  o f  the 
received picture. This is particularly  so for a system operating  close to  FM  threshold . This degradation  can be 
expressed as the am ount by which the received television carrier-to-noise ratio  m ust be increased to  m ain ta in  the 
same picture quality when the sound carriers are introduced. Factors contribu ting  to  this degradation  are the level 
o f in term odulation  products (which can be regarded as noise) and  the decrease in vision carrier pow er due to  
sharing between the other carriers. To m inim ize the degradation  it is necessary to  increase the in p u t back-o ff o f  
the television carrier, thereby suffering further loss o f pow er from  the vision carrier. M easurem ents conducted  by 
A ustralia, through a satellite transponder sim ulator and  through the E uropean  OTS satellite from  Fucino, Italy , 
have verified the feasibility o f such a com bined system and established practical param eters and  associated 
penalties. The to tal degradation  m easured for two, three and  four carriers a t an  ou tpu t level o f —17 dB w ith 
respect to  the vision carrier is show n in Table 1-XIX. The carrier-to-noise ratio  o f  the vision carrier before the 
sound carriers were in troduced was 10 dB in this case. After the sound  carriers were in troduced  the carrier-to- 
therm al noise ratio  o f the vision carrier was increased to  m ain ta in  an  effective carrier-to-noise ratio  o f  10 dB. The 
degradations given in Table 1-XIX are the sum o f this carrier-to-therm al noise ra tio  increase and  the am ount by 
which the vision carrier ou tpu t pow er m ust be reduced from  the sa tura ted  ou tpu t level. O ther system param eters 
are given in Tables 1-XIVa, C olum n 8 , and  1-XVII, C olum n 6 .

14. Spacecraft service functions

The R adio  Regulations, No. 25, states tha t the accom m odation o f  spacecraft service functions (TTC) will 
norm ally  be provided w ithin the service in which the space station  is operated . F o r the broadcasting-satellite 
service this m eans w ithin the satellite b roadcast dow n-link and  corresponding  feeder-link bands, including the 
possibility o f  using the guard  bands. The services to  be provided are sum m arized in  Table 1-XX.

To allow  for decoupling o f the R F  sensing signal (for satellite an tenna tracking) from  the feeder link  in 
the satellite, a certain am ount o f m inim um  frequency separation  betw een these signals will be necessary.

The accom m odation o f TTC signals w ithin the broadcast feeder-link b an d  will be subject to  m utual 
com patib ility  with the broadcast and  o ther services sharing the same or adjacen t frequency bands. S tudies by the 
F rench A dm inistration  and  the E uropean  Space Agency (R eport 952) show tha t, in the case o f  collocated 
satellites, in addition  to  satellite an tenna d iscrim ination , cross-polarization  d iscrim ination  m ay also have to  be 
em ployed to ensure com patibility  between the TTC signals and  the ad jacen t b roadcast feeder-link channel. These 
aspects are further addressed in R eport 634.

The in ter-relations o f feeder links and  TTC links suggest th a t the two services be considered together. 
F urther studies are required to arrive a t m utually  com patib le frequency and  po larization  assignm ents.

15. Experimental satellite systems

Several countries have launched satellites to  conduct experim ents in broadcasting . A short sum m ary o f 
som e o f these experim ental program m es is given below  and  m ore detailed  in fo rm ation  m ay be ob ta ined  from  the 
literature or from  the countries concerned.

15.1 Applications Technology Satellite (ATS)

The purpose o f the ATS program m e is to  investigate new and  advanced spacecraft stab ilization  tech
nology, and to  conduct experim ents in several app lication  areas, including com m unications. Six satellites in this 
p rogram m e have been launched since 1966. The A TS -6  was launched on 30 M ay 1974. F or the first year o f 
o pera tion  it was located in a geostationary orbit at 94° W longitude.

The satellite has a 9 m unfurlab le m esh an tenna  which, together with its associated transm itters provides 
an  e.i.r.p. o f about 52 dBW  in the 860 M H z and  2600 M H z bands. Table 1-X III includes a sum m ary o f the 
characteristics o f the ground  receiving equipm ent.

A total o f  about tw enty scientific, technological and  com m unication  app lica tions were conducted . Two o f 
these experim ents, the H ealth, E ducation , Telecom m unications (H ET) experim ent and  the Television Relay U sing 
Sm all Term inals (TRUST) have provided practical experience in the application  o f  broadcast satellite and  low  cost 
term inal technology to  meet social needs and  engineering data  on the to ta l system perform ance.
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TABLE 1 -X V II  -  Examples o f  system parameters fo r  monophonic sound broadcasting
fo r  individual reception (i)

Parameter Example 1 Example 2 Example 3 Example 4 Example 5 Example 6(5)

1. System

Frequency of carrier (MHz) 12000(1) 12000 12000 12000 12000 12500

Type of modulation FM FM FM/FM FM/PSK FSK FM

Frequency deviation (pre-emphasis 50 ps) (kHz) ± 75 ± 300 ± 100

Frequency deviation (kHz) ± 8600 ±4000 ±3000

Audio-frequency bandwidth (kHz) 15 15 15

Number, o f audio channels 12 16 20 up to 4

Total radio-frequency bandwidth (kHz) 180 800 22000 18000 12000 200(6)

Carrier-to-noise ratio before demodulation (for 
99% of the time in the least favourable month) 
(edge o f beam) (dB) 19 13.3 14 14 14 12.6

Corresponding audio-frequency signal-to- 
unweighed noise ratio (edge of beam) (dB) 56 69 69 69 69 52.4

Audio-frequency signal-to-weighted noise ratio 
(dB) 47 60 60 60 60 43.4

2. Receiving installation

Figure o f merit, G/T, o f  receiver (dB(K-1)) (2) 4 4 4 4 4 14

Flux (edge of beam) (99% of time in most 
unfavourable month) (dB(W/m2)) -117.5 -1 1 6 .7 -1 0 3 -1 0 3 -1 0 5 -  132.6(7)

Equivalent field strength (edge of beam):

(dB(/*V/m)) 28.2 29.1 44 43 41 13.2

(|iV/m) 26 28 160 140 110 4.6

Free-space attenuation between isotropic sources 
35 786 km apart (dB) 205.1 205.1 205 205 205

Additional free-space attenuation for an angle of 
elevation of 40° (dB) 0.5 0.5 0.5 0.5 0.5

Total atmospheric attenuation for 99% of the time 
in the most unfavourable month (dB) (3) 1.5 1.5 1.5 1.5 1.5

Up-path noise (provisional value) (dB) 0.5 0.5 0.5 0.5 0.5

E.i.r.p. from satellite at edge of beam (dBW) 47 47.7 63 1 62 60 30(6)

3. Satellite transmitter

Antenna beamwidth at -  3 dB points (degrees) 1.4 1 1 1 1 2.4

Antenna gain at edge of service area relative to an 
isotropic source (dB)(4) 38 41 41 41 41 33.2

Loss in feeders, filters, joints, etc. (dB) 1 1 1 1 1 1

Satellite transmitter power: (dBW) 10 7.7 23 22 20 -2(6 )

(W) 10 6 200 160 100 0.63(6)

(1) These examples will probably not be valid for sound broadcasting alone, unless the receiving antenna and the preamplifier or frequency- 
changer were also used for television.

(2) In accordance with the definition in the example shown in Annex I to Report 473.

(3) Examples valid for an angle of elevation of about 40° and European climatic conditions.

(4) An antenna efficiency o f 55% is assumed.

(5) See §13.3 o f  this Chapter.
(6) Values quoted are for single channel.

(7) Allowance for rain attenuation is 0 dB.
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TABLE 1 -X V III — Multiple-channel systems assumed in examples fo r  monophonic sound broadcasting

Parameter Example 3 Example 4 Example 5

Number of sub-carriers 12 8 —

Number of audio channels per sub-carrier 1 2 —
Sub-carrier channel spacing (kHz) 230 600 —

Sub-carrier frequencies (kHz)
300, 530 
... 2830

1000,
1600

—

Sub-carrier modulation FM ... 5200 
PSK

—

Peak deviation of sub-carrier (kHz) ± 75 (4-
phase)

—

Noise bandwidth of sub-carrier channel (kHz) 180 350 —
C /N  in sub-carrier channel (dB) when main-carrier C /N  = 14 dB 32 17.5 —

Main-carrier peak deviation by each sub-carrier (radians) ± 1.0 ± 0.3 (FSK)
Total quasi-peak main-carrier deviation (MHz) ± 8.6 ± 4.0 ± 3.0
Bits per sample (with non-linear coding or companding) — 10 10
Sampling rate (kHz) — 32 32
Total system bit rate (kbit/s) 
(approx. with framing allowance)

8 x 2 x 3 5 0  
= 5600

20x350 
= 7000

Note on Example 3. — 12 sub-carriers are used, each modulated as analogue FM sound channels with ± 75 kHz deviation. The 
highest baseband frequency is below 3 MHz. An alternative system with 12 sub-carriers deviated ± 150 kHz, and each deviating 
the main carrier ± 0.5 radian would give similar performance in approximately the same r.f. bandwidth; the highest baseband fre
quency would be less than 5 MHz.
Note on Example 4. — 8 sub-carriers are used, each carrying two digitally coded sound signals by 4-phase PSK. The highest sub
carrier is 5.2 MHz. The C /N  of 17.5 dB in the sub-carrier channel provides a 3 dB margin above a 1 in 106 error rate level. 
Note on Example 5. — 20 sound channels are transmitted in digital form by a single 7 Mbit/s stream. Frequency modulation of the 
main carrier (FSK) by the binary NRZ signal is assumed. The system will then be similar to other systems in immunity to effects of 
hard limiting in the satellite repeater or receiver. The baseband signal can be bandwidth limited to 5 MHz in the 
receiver. A carrier-to-noise ratio of 14 dB provides a 3 dB margin above an error rate level of 1 in 10 6.

T A B L E 1 XIX -  Subjective degradation o f  a TV picture 
due to addition o f  sound carriers

Number of sound carriers Degradation (dB)

4 3.3

3 2.2

2 1.5

In m id-M ay 1975, ATS -6  started to m ove eastw ard tow ards an orbital position  o f 35° E longitude, arriving 
on station  just p rio r to the end o f June. For about one week in July 1975 the ATS - 6  was used to  receive television 
transm issions from  the jo in t U SA /U .S.S.R . A pollo-Soyouz Test Project (ASTP) and  relay them  to an  earth  station  
in Spain for w orld-w ide television d istribution.

References [Engineering Foundation  o f Rocky M ountain  States, 1976; Ippolito , 1975] provide a com pre
hensive description o f the ATS -6  program m e and  the technical results o f the first year o f experim ental operation . 
A nother reference [ITU, 1974] provides an overall view o f the ATS -6  satellite and o f  the m ajo r first-year 
experim ents.
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TABLF, 1 XX -  Basic spacecraft service functions

Function Notes

Earth-to-space:

-  telecommand

-  ranging

-  satellite antenna tracking

Non-continuous low data rate transmission

Non-continuous tone or code ranging

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

Space-to-Earth:

-  telemetry

-  ranging

-  earth station antenna tracking

Continuous low data rate transmission

Non-continuous tone or code ranging

Continuous, on residual telemetry carrier or swept carrier

15.2 Communications Technology Satellite (CTS)

The C om m unications Technology Satellite (CTS) was an experim ental com m unications satellite that was 
launched  on 17 January  1976. It was developed jo in tly  by the C anad ian  D epartm ent o f C om m unications and  the 
US N ational A eronautics and  Space A dm inistration  (NASA), un d er an  agreem ent between C anada and  the US 
signed in  1971. The agreem ent provided for C anada to design and  build  the spacecraft and  for the U nited States 
to  furnish  the high-pow er travelling-w ave tube (TW T) and  associated pow er conditioning and  therm al control, the 
launch  vehicle, and  environm ental test and  operational support. The use o f the satellite for technological and  
com m unications experim ents was shared equally between the tw o countries.

The principal technological objectives o f the CTS program m e were:

— to  develop and  flight-test a travelling-w ave tube having an  efficiency greater than  50% and a sa turated  pow er 
ou tpu t o f 200 W  at a frequency o f  12 G H z;

— to  develop and  flight-test a light-weight extendible so lar array  w ith an initial pow er ou tput greater than 1 kW ;

— to  develop and  flight-test a 3-axis stabilization system to m ain ta in  accurate an tenna  boresight positioning on a 
spacecraft having large flexible appendages;

— to  conduct satellite com m unications systems experim ents using 12 and  14 G H z bands;

These experim ents perm itted  investigation not only o f the applications o f new  technology to  com m unica
tions problem s bu t also o f the social, cultural and  econom ic im pact o f  the eventual in troduction  o f services tha t 
can be provided.

The satellite was a 3-axis stabilized spacecraft w ith flexible solar arrays. It had  two 2-axis gim balled 
an tennas each having a 2.5° circular beam w idth.

The receive earth  term inals consisted o f  a 9 m contro l an tenna, 3 m antennas for rem ote television 
transm issions, 2  m antennas for television receive-only and  tw o-way voice and  1 m  an tennas for two-way voice 
transm issions.

15.3 A nik-B  1 [Day et al., 1979]

The C anad ian  satellite A nik-B l was launched in D ecem ber 1978. Specific objectives o f the .12 G H z satellite 
experim ent, am ong others, are to:

— dem onstrate , evaluate and  ob ta in  field experience w ith a d irect to-hom e and  sm all com m unity program m e
delivery service,

— provide a p ro to type testing ground  and  a small initial m arket for the developm ent o f com petitive hardw are
for application  in dom estic and  foreign direct broadcasting  satellite m arkets,

— provide in form ation  which will con tribute to policy developm ent and  p lans respecting the fu ture opera tional
applications o f b roadcasting  satellites w ithin the country.
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The satellite operates in the 12/14 G H z frequency bands. F our 20 W TW TAs are segm ented into six 
80 M Hz R F channels with each R F  channel having 72 M H z o f usable bandw idth . All C an ad a  coverage is 
provided with four 2.5° spot beam s and the e.i.r.p. ranges from  51 dBW  at boresight to 46.5 dBW  at the outer 
footprint.

Two m odes o f operation  are used:

— one TV program m e per channel,
— two TV program m es per channel, using separate carriers per TV program m e.

Three different types o f term inal were im plem ented, depending on the location and  w hether single or two 
TV program m es per channel m ode o f reception is required:

— term inals equipped with 1.2 m diam eter an tennas and  low cost electronics. These term inals are suitable for 
direct reception and  e.i.r.p. >  49 dBW , for channels carrying one TV program m e per channel;

— term inals equipped with 1.8 m diam eter an tennas with the same electronics package as above. These term inals 
are suitable for direct reception and e.i.r.p. >  46 dBW  with channels carry ing one program m e or for two
program m es per channel for term inals located near beam  centre;

— term inals equipped with 3 m diam eter antennas. These term inals are su itable for single or dual channel
com m unity reception for feeding cable systems or low pow er broadcast transm itters used for com m unity
distribution.

15.4 Broadcasting satellite fo r  experimental purposes (BSE)  o f  Japan

The three-axis stabilized geostationary satellite w ith about 350 kg mass on orbit is sta tioned  at 110° E 
above the equator. This satellite uses 12 G H z for dow n path  and  14 G H z for the feeder link and  transm its two TV 
channels.

The an tenna provides a specially shaped beam  which has been developed to  conform  to the shape o f the 
service area in which the m ain land  and the rem ote islands o f Jap an  are included, using an  elliptical parabolic  
reflector and three prim ary  radiations. The com bination  o f this shaped beam  an tenna and  transm itte r ou tpu t
pow er o f 100 W /ch  facilitates the usage o f 1.6 m diam eter antennas for com m unity  reception in the m ain land  and
4.5 m diam eter an tennas in rem ote islands.

The experim ent objectives are sum m arized as follows:

— tests o f the characteristics of.television signal transm ission;
— m easurem ent o f the rainfall effect on 12 G H z rad io  wave p ropagation ;
— evaluation o f  the perform ance o f the satellite on-board  equipm ent and  ground  term inals;
— experim ents on frequency sharing with terrestrial com m unications;
— experience with satellite control techniques;
— experim ents on satellite broadcasting  systems opera tion ;
— assessm ent o f  TV signal reception quality.

16. Operational satellite systems

In the next few years, operational satellites will be launched. A few exam ples are given below:

16.1 Indian domestic satellite system  ( IN SAT - l )

The Ind ian  N ational Satellite System, IN S A T -l, is a m ultipurpose system. It is p lanned  to provide 
dom estic telecom m unication, m eteorological, d irect TV broadcasting  (com m unity reception), rad io-netw ork ing  and 
d isaster w arning services. The system consists o f two identical satellites positioned in the geostationary  orbit at 
74° E ±  0.1° and  94° E ±  0.1°. The first satellite was launched early in 1982; the second one will be launched 
about one year later.

Twelve, 36 M H z wide telecom m unication channels operating  in the frequency bands o f 6 G H z (up 
lin k )/4  G H z (down link), with 32 dBW  (m inim um ) end-of-life e.i.r.p. over the prim ary coverage area will be 
available.

Two, 36 M Hz wide direct TV broadcast channels in 6 G H z (feeder l in k ) /2.6 G H z (dow n link) frequency 
bands with 42 dBW  (m inim um ) end-of-life e.i.r.p over the prim ary coverage area will also be available.

Earth term inal characteristics for b roadcasting  are shown in Table 1-XXI.

Low level injected carriers have been in troduced in each o f the 2.5 G H z broadcast transponders for radio  
netw orking service outside the bandw idth  occupied by the TV broadcasting  em ission.
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TABLE 1-XXI -  Characteristics o f  receive-only terminals fo r  INSAT-l (2.6 GHz)

G /T
(dB(K-i))

Antenna diameter 
(m)

Direct reception TV receivers 8.2 3.6

Receive terminals for
radio program networking 9 3.6

16.2 French broadcasting satellite TDF-1

The satellite TD F-1, which will be launched in 1984 by the A riane launch vehicle, will be able to  broadcast 
three television program m es.

The transm itting  an tenna  (12 G H z) is elliptical (2.4 m x 0.9 m) and  provides coverage for all the country. 
The po in ting  accuracy o f the beam  will be ±  0.1°. The receiving an tenna (18 G H z) is circular, w ith a beam w idth 
o f  0 .7°; it will be po in ted  w ith an  accuracy o f ±  0.2°.

A m plification is p rovided by solid state stages (field effect transistor) and  TW Ts o f  250 W. Six TW Ts 
w orking on five frequencies ensure redundancy. This structure will m ake easy the evolution tow ards a second 
generation  satellite w ith five channels.

A typical earth  term inal for individual reception will be equipped with a 0.8 m parabo lic  an tenna. The 
receiver m ight have a m inim um  value o i  G / T  o f  6  dB (K -1).

16.3 Saud i Arabian broadcast satellite system (SA B S)

The objectives o f the SABS system are to  p rovide the follow ing services:

— to  provide initially tw o channels o f  television program m es for the entire K ingdom  in the 12 G H z b and ;

— to provide a channel o f Islam ic program m es to the neighbouring countries in the G u lf area;

— to provide netw orking o f all m edium  wave sound broadcasting  stations for enabling high quality  reception.

The satellite w ould be launched by the STS shuttle or an  advanced version o f A riane in  1984.

The SABS is p roposed  to  be equipped w ith b ro ad b an d  receivers and  five channels for broadcast television 
w ith TW T pow er am plifiers.

The individual earth  receivers m ay have a m edian value o f G / T  o f  about 9 d B (K _1); higher G / T  
(approxim ately  12 dB (K -1)) w ould however be achievable w ith insignificant cost difference w ithin the tim e fram e 
o f  the SABS system becom ing operational. The individual receivers will be equipped with a 1 m diam eter 
parabo lic  antenna.

The param eters o f  the proposed  SABS system are published in [IFRB, 1979].
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A N N E X  1-1

CO M PARISON OF DIGITAL A N D  A N A L O G U E /FM  M ODULATION  
TECH NIQ U ES FOR SATELLITE BRO ADCASTING  (TELEVISION)

Figure 1-7 presents theoretical curves o f required  C / N 0 versus required channel bandw id th  for FM and  
several digital m odulation  techniques.

Curves A and B are for FM m odulation  o f the carrier by a 525-line television system M video signal. 
Pow er-bandw idth and post-detection signal-to-noise ratio  trade-offs are possible using FM , as illustrated  by 
Curves A and B. The FM  im provem ent factor is p roportional to the square o f the carrier frequency deviation A F, 
whereas bandw idth  is a linear function  o f A F. The FM  bandw idth  o f Curves A and  B is the C a rso n ’s Rule 
bandw idth , which is defined by the follow ing expression:

B W  = 2 (A F + f m)

where:

A F:  peak frequency deviation o f the carrier;

f m : highest m odulating  frequency (4.2 M H z for systems M).

Curves C, D, E and  F illustrate required C / N 0 versus bandw idth  for digital m odulation . In each case the 
signal bandw idth  is restricted to 2 Hz per channel sym bol and the bit error ratio  is 10-5 . The curves are annotated  
with the approxim ate bit rate which can be achieved for each type o f  m odulation  used.

Curve C assumes four level (four bits per channel symbol) quadra tu re  am plitude shift keying (QASK), or 
m ultiple am plitude m inim um  shift keying (M AM SK).

Curve D assum es four phase (two bits per channel symbol) quad ra tu re  am plitude shift keying (QASK), or 
m inim um  shift keying (M SK).

The bit erro r ratio  can be lowered either by increasing C / N 0 o r th rough error-correction coding. If the bit 
erro r ratio  and bandw idth  are held constant, error-correction coding will allow  the C / N 0 to  be reduced but will 
also require the use o f a lower da ta  rate. This effect is illustrated by Curves E and  F. W hile m any types of coding 
are possible, convolutional encoding has been chosen to  illustrate the exam ple. C urve E shows the effect o f a rate 
7 /8  (eight code sym bols per seven channel symbols) convolutional code on C urve D. Curve F shows the effect o f 
a rate 1 /2  (two code symbols per channel symbol) convolutional code on Curve D. A pplying the sam e coding to 
C urve C would produce an equivalent C / N 0 and  data  rate reduction.

Figure 1-7 gives the pow er and bandw idth  requirem ents for FM and digital m odulations. The key to a 
pow er-bandw idth trade-o ff between FM and digital m odulation for television is how low a data  rate can be 
achieved through data com pression, and which digital m odu la tion /encod ing  schem e is chosen fo r the broadcasting  
link.

It is interesting to note that QPSK m odulation  (Curve D) offers an advantage over FM (Curve B) in term s 
o f pow er and bandw idth  requirem ents if the bit rate o f the encoded picture is less than  about 30 M bit/s .
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C H A PT E R  2

BROADCASTING-SATELLITE SYSTEM  TECHNOLOGY

1. Introduction

The prim ary function  o f com m unication  satellites is to  support a com m unication  pay load  w hich is used to 
relay in form ation  between points on the E arth ’s surface. A lthough som e satellites with on-board  signal processing 
are being planned , m ost applications in both  the fixed-satellite service (FSS) and  broadcasting-satellite 
service (BSS) require tha t the satellite only re-broadcast w hatever signal it receives from  the ground.

The prim ary com m unication  satellite pay load , either BSS o r FSS, consists o f a receiving an tenna , a 
receiver, a m eans o f translating  each up-link channel to a dow n-link  channel, an  am plifier for each dow n-link  
channel, and a transm itting  an tenna. BSS dow n links differ from  those o f the FSS m ainly in higher per channel 
R F  pow er and e.i.r.p. Exam ples o f dual function B SS/FSS satellites include the Insat and  the p roposed  A rabsat 
spacecraft.

The BSS is just em erging from  the experim ental stage. Because o f spacecraft prim e pow er lim itations, BSS 
spacecraft to date have been lim ited to  one or two active channels. Prim e pow er capacity  is gradually  expanding 
th rough growth in launch vehicle capacity  and  spacecraft technology. Spacecraft with m ore channels and w ider 
coverage areas are becom ing practical.

Several BSS spacecraft design studies have been com pleted in p repara tion  for direct broadcasting  
service (DBS) to  the U nited States. An exam ple draw n from  one o f these studies [Cohen, 1981] will serve as an 
in troduction  to exam ination  o f  the pay load  requirem ents and technology o f a fairly  large DBS spacecraft.

The M odel “A ” spacecraft was designed to provide several channels o f frequency-m odulated , system M 
television to each o f four tim e zones and  five m etropolitan  areas o f the U nited  States. The com m unication  
pay load  for this spacecraft is shown in Fig. 2-1. The link budgets for the tim e zone and spot beam s are given in 
Table 2-1.

1.1 Growth o f  prim e power capacity

A satellite has a lim ited am ount o f d.c. pow er which is a function  o f the area and  efficiency o f the solar 
array. Part o f this pow er is available for conversion to R F  pow er which m ust then be divided am ong all the 
dow n-link  channels. The conversion efficiency o f d.c. pow er to  R F  pow er is in the range o f 30% to 45% depending 
on the type o f pow er am plifier used. B roadcasting satellites tha t norm ally  use high pow er am plifiers achieve a 
conversion efficiency tow ards the high end o f this range. Taking into account the other uses o f electrical pow er in 
a satellite, the ratio  o f R F  pow er to  to tal prim e pow er falls in the range o f 20% to 30%.

Satellite prim e pow er capacity has grown as a result o f im provem ents in launch vehicle capability , 
light-weight spacecraft structural m aterials and solar cell efficiency. If  the increased weight can be accom m odated, 
it is otherw ise no t difficult to increase solar array  size for 3-axis stabilized spacecraft. For spin-stabilized 
spacecraft, where the num ber o f solar cells is lim ited by the available surface area o f the spinn ing  drum , solar 
array size increase has been achieved by such m eans as telescopic skirts.

Spacecraft prim e pow er is generally related to spacecraft weight as illustrated  in Fig. 2-2. N ote the higher 
pow er-to-w eight ratio  for BSS satellites. (See C hapter 4 for procedure for spacecraft weight estim ation on the basis 
o f prim e power.) The present pow er capability  o f spacecraft in the 1000 kg (A tlas/C en taur-com patib le) class is 
under 2 kW. Further im provem ents in solar cell and  light-weight panel technology are expected to  prov ide prim e 
pow er capabilities o f 3 to  5 kW  for 3-axis spacecraft in the 1000 kg class.

A 1.5 kW  roll-out array has been successfully flight tested. Present estim ates suggest tha t a reliable 12 kW  
(decreasing to 10 kW  at the end o f five years) roll-out array could be designed. The perform ance characteristics 
which m ight be expected from  new developm ents in light-weight, deployable solar array technology are discussed 
in R eport 808.
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T A BL E  2-1 -  Model “A ” system link budgets

Param eter
Eastern 

tim e zone
N ew York 
spot (0 .6 °)

O utput power (end o f  life EO L) (dBW ) 22.9 12.9
O utput losses (dBW ) 1.3 1.4
A ntenna peak gain (dB) 38.2 47.6
Peak e .i.r .p . (EO L) (dBW ) 59.8 59.1
Relative gain (EO L) (dB) - 2 . 0 - 3 . 0
Space loss (12.5 G H z) (dB) 206 .4 206.4
Received carrier (dBW ) -  148.6 - 1 5 0 .3
Terminal G / r ( d B ( K - ' )) 10.0 10.0
Received C/No (dBH z) 90.0 88.3
Receiver noise bandwidth (18 M H z) (dB) 72.6 72.6
Clear weather C /N  (dB) 17.4 15.7
Reference C /N  (dB) 14.0 14.0
Margin (dB) 3.4 1.7

A solar array  does no t p rovide pow er during passage in the shadow  o f the E arth  or o f the M oon. W ith a 
geostationary  satellite there is one E arth  solar eclipse each day, bu t only w ithin the periods o f approxim ately  
27 February to 12 April and  1 Septem ber to 15 O ctober. N ear the centre o f these periods, the eclipse lasts abou t 
seventy m inutes about m idnight at the satellite longitude; the duration  is less tow ards the beginning and  end o f 
the periods. In the case o f longer eclipses, sufficient w arm -up tim e m ust be allow ed after the end o f the eclipse. In 
the past, about ha lf an hour has been required.

Eclipses due to M oon shadow  are not as regular in term s o f tim es o f occurrence, du ration , and  dep th  as 
E arth solar eclipses. An exam ple o f M oon shadow  events over a six-year period  is given in R eport 808. The 
num ber o f M oon solar eclipse occurrences per orbital location per year ranges from  zero to four w ith an average 
o f two per year; eclipses can occur twice w ithin a tw enty-four hour period. The duration  o f eclipses ranges from  a 
few m inutes to over two hours w ith an average duration  o f about forty  m inutes. Special problem s in connection  
with battery recharging and  spacecraft therm al reliability could arise when M oon solar eclipses o f long duration  
and  appreciable depth occur during the same period as Earth solar eclipses. It is possible to  predict the 
characteristics o f M oon shadow  events with reasonable accuracy. Because o f  the irregular nature o f the Earth and  
M oon orbits, recurrence o f  sim ilar M oon solar eclipses occurs at a m inim um  o f one Saros cycle (approxim ately  
18 years) and can be as long as three Saros cycles [Ehara, 1979; Siocos, 1981].

The practical consequences o f Earth solar eclipse outage can be m inim ized by having the service break 
occur after m idnight in the service area, by placing the satellite to the west o f its service area. D ue to  irregularity  
o f M oon solar eclipses, resulting outages o f the service cannot be sim ilarly contro lled  by orbit placem ent.

Batteries can be em ployed to  provide operational capability  (protection) during  eclipse, w ith som e increase 
in the weight o f the spacecraft. The trade-off between the degree o f eclipse pro tection  and  spacecraft weight can 
be m ade using the detailed spacecraft weight estim ation procedures o f  C hap ter 4.
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1.2 E.i.r.p. trends

In  a com m unication satellite netw ork with few receiving stations, econom ic considerations favour a system 
o f  m oderate e.i.r.p. satellites and relatively expensive, high G / T  receiving stations. This keeps ground segm ent cost 
in balance w ith space segment cost.

As the num ber o f  receiving stations increases, the balance shifts in favour o f higher e.i.r.p. satellites and  
less expensive, lower G / T  receiving stations. This is especially true in the BSS where a very large num ber o f 
receiving term inals m ay be involved. The historical trend  o f satellite e.i.r.p., for bo th  the BSS and FSS, is show n 
in Fig. 2-3.

There are practical as well as regulatory lim itations to  satellite e.i.r.p. The way to  m oderate the trend  
tow ards higher e.i.r.p. is through the developm ent o f low cost receiving term inal technology. Such developm ent 
has recently received a great deal o f  em phasis and has achieved som e success. C onsequently , several adm in istra 
tions are experim enting with or p lann ing  direct b roadcasting  systems with satellite e.i.r.p.s below  60 dBW  for bo th  
com m unity  and individual reception.
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The final trade-off between satellite e.i.r.p. and  ground  term inal G / T  therefore involves m any technical as 
well as econom ic considerations. A procedure for arriving at the p roper design com prom ise is covered in 
C hapter 4 o f this report.

1.3 Trend towards low-cost receiving terminals

A broadcasting-satellite system for individual reception requires low-cost receiving term inals to  m ake it 
econom ically attractive to  the end user. In accom plishing this objective, however, one m ust no t overlook the need 
to maxim ize those characteristics and  technologies such as an tenna d iscrim ination , needed to m ake efficient use o f 
the valuable sp ec tru m /o rb it resource (see § 2 o f this Chapter).

Lower cost is usually realized through standard ization , high volum e production  and  com petition  so th a t 
the cost o f receiving term inals can be expected to  decline with time. A d ram atic  exam ple o f this is the roughly 
tenfold decrease in cost o f 4 G H z television receive-only term inals in the tw o-year period  o f 1979-1980.

The growth o f broadcasting-satellite systems should result in increasing dem and for receiving term inals. 
This, com bined with certain technological advances such as low noise G aA s F E T  am plifiers should  result in high 
perform ance and  reasonable cost. F or exam ples o f receiving term inal cost projections see C hap ter 4 o f  this report 
and  R eport 473.

2. Use of technology for greater spectrum/orbit capacity

The desirability o f efficient use o f the geostationary  orb it and  the available spectrum  has long been 
recognized. For exam ple, regarding the p roposed  p lanning  princip les for Region 2, the F inal Acts o f the 
W ARC-BS-77 state: “The p lan  for Region 2 shall use, to the m axim um  extent technically  and  econom ically  
practicable, the techniques available so as to m ake the m ost efficient use o f the geostationary  o rb it and  the 
frequency spectrum  to fulfil the requirem ents bo th  o f the Region as a w hole and  o f the ind ividual adm in is tra 
tions.”

Technology factors relevant to  sp ec tru m /o rb it u tilization are discussed in this section.

2.1 M odulation

The use o f narrow -band  m odulation  can result in m ore users per given bandw idth . N arrow er bandw idth , 
however, usually has to be com pensated by greater transm itter pow er and  correspondingly  higher pro tection  ratio  
requirem ents (see R eport 634). C ertain  types o f m odulation  are also m ore to le ran t to  interfering signals, including 
those which are not co-channel, bu t whose spectra overlap a portion  o f  the desired signal band . M odulation  and 
spectrum  shaping are therefore im portan t considerations in frequency re-use.

A nalogue FM is currently  the m ost widely used m odulation  technique for transm ission o f television signals 
through satellites. D igital m odulation  for television w ithout any processing requires m ore bandw idth . Recent 
developm ents in video com pression, however, com bined w ith bandw idth  efficient m odulation  techniques have 
brought digital transm ission o f television signals to  the po in t o f becom ing com petitive with analogue FM  on the 
basis o f both bandw idth  and  power. O ne current draw back to  digital television for b roadcasting  is the cost o f the 
receiving and signal processing equipm ent.

For a detailed discussion o f suitable m odulation  techniques for television, including ana logue /d ig ita l 
trade-offs, see R eport 632.

2.2 Antennas

The achievable characteristics o f antennas, both  transm itting  and  receiving, are very im portan t in
determ ining the efficiency o f sp ec tru m /o rb it usage. Desirable characteristics o f  an tennas include low side lobes,
fast fall-off o f gain outside o f the desired beam , and  good cross-polar d iscrim ination . N ot m eeting these “ ideal” 
characteristics causes signals to arrive outside o f the desired coverage areas as well as signals to be received from  
sources other than  the desired one.

The effect o f an tennas on spec trum /o rb it u tilization is discussed below. Recom m ended an d  achievable
an tenna  characteristics are discussed in greater detail in R eport 810.

2.2.1 Frequency re-use by multiple beams

A given segm ent o f spectrum  can be re-used m any tim es, even by the same satellite. A satellite can
transm it two or m ore independent beam s at the same frequency if the beam  footprin ts are sufficiently
separated. Figure 2-4 illustrates this principle, showing three frequencies being used to cover the U nited
States. W hile no two beam s at the same frequency are adjacent, there will be som e in terference due to the
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finite side lobes o f the beam s. F igure 2-5 illustrates the interference to a receiver located \|/^ from  the centre o f  the 
desired beam , from  a transm itter radiating a co-channel beam  tow ards another point. The receiver receives a 
desired signal level o f C  and  an in terfering signal 7 due to the side lobes o f  the other co-channel beam. The 
in terfering  signal level increases as m ore co-channel beam s are added although at a progressively slower rate since 
the add itiona l beams are further and  further away. For com putation  o f C /7 , side-lobe envelopes ra ther than  true 
an tenna  patterns are usually used, as shown in Fig. 2-6, where the —30 dB side-lobe envelope is the recom m ended 
lim it for BSS transm itting antennas (A ppendix 30 to the R adio Regulations). C /7  (for the beam  in the centre o f 
the cluster) is illustrated in Fig. 2-7 as a function o f the num ber o f transm itted  beam s and  side-lobe levels. N ote 
tha t as the num ber o f frequency “co lours” increases from  3 to 19, a higher value o f C /7  is obtained. H ow ever, for 
a given to tal spectrum , the available bandw idth  per beam , i.e., num ber o f channels over a given geographical area, 
decreases.
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2.2.2 Beam shaping

F or m any BSS applications it m ay be desirable to transm it the sam e program m ing over a larger 
area (e.g. a tim e zone or a country) than  th a t covered by a single beam  o f Fig. 2-4. This can be 
accom plished by com bining the small beam s to form  com plex beam  shapes as illustrated  in  Fig. 2-8. A 
shaped beam  has several advantages over a sim ple circular o r elliptical beam . It concentrates the 
transm itted  pow er into the service area which m inim izes transm itter pow er and  lessens the probability  o f 
interference to receivers outside this area. A lso, the illum ination in the beam  is m ore un iform  due to  the 
addition  o f com posite beam s as illustrated in Fig. 2-9. F urtherm ore the energy falls o ff  m ore rapidly  aw ay 
from  the beam  centre, thus allow ing closer spacing o f co-channel beam s. The latter factor m axim izes the 
frequency re-use that can be realized over a given geographical area.

As a disadvantage, a shaped beam  an tenna requires a larger reflector. In the exam ple o f Fig. 2-9, 
the an tenna reflector diam eter o f B (m ulti-beam  pattern) is three tim es th a t o f  A (single-beam  pattern). The 
basic lim itation to  how closely a beam  can be m atched to a com plex service area con tour com es from  the 
m inim um  beam w idth o f the individual beam s. Therefore, the larger the physical an ten n a  size, the better 
this m atch.

FIG U R E 2-4 -  Three-frequency coverage o f  the United States using 87 beams 
o f  0.44° beamwidth

Interfering
beam

FIG U R E  2-5 -  Geometry fo r  calculating C /I  at \y° from  desired beam boresight. 
Interfering beam from  desired beam boresight
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FIG U R E  2-6 -  BSS transmitting antenna patterns 

Representative patterns used for C /I  com putations (see also Fig. 2-7)

* Recom m ended side-lobe lim it: see Fig. 6, A nnex 8, Appendix 30, RR.

2.2.3 Antenna pointing

A ntenna po in ting  accuracy is im portan t to  m inim ize coverage area and  signal spill-over outside the 
in tended  service area. A particu lar po in t on a satellite beam  will m ove approxim ately 0 tim es 630 km 
along the ground  at the sub-satellite po in t for an an tenna po in ting  error o f 0° at the satellite. Away from  
the sub-satellite po in t the m ovem ent will be even greater. The am ount o f horizontal m ovem ent tha t can be 
to lerated  thus sets the satellite an tenna po in ting  requirem ents. For non-circu lar beam s the ro tational 
m ovem ent o f the satellite beam  becomes im portan t as well. The consequences o f beam  m isalignm ent are 
likely to  be greater for shaped beam s because m ore receivers will be close to  the beam  edge and  the signal 
fall-o ff beyond the beam  edge will be faster.

2.3 Low side-lobe receiving antennas

The ground receiving an tenna provides discrim ination  for co-channel signals com ing from  satellites som e 
angu lar distance away from  the desired satellite (see Fig. 2-10). The level o f interfering signals relative to  the 
desired signal will be reduced by an  am ount equal to  the reduction  in an tenna gain in the direction  o f the 
in terfering  satellite. It is therefore im portan t that receiving an tenna gain and side lobes fall o ff rap id ly  with angle 
aw ay from  boresight. M inim um  satellite spacing and  orbit capacity will therefore depend  on the beam w idth and  
side-lobe characteristics o f the receiving antenna.

Since interfering satellites m ay have d ifferent values o f e.i.r.p. and  o ther key characteristics, interference 
analyses are best m ade on a case-by-case basis. Various com puter program s (e.g., SOUP), suitable fo r runn ing  
these analyses, are available (see R eport 812).

3. Space-segment technology summary

This section presents a sum m ary o f the key satellite technologies. M ore detailed in form ation  can be found  
in the references at the end o f  this C hapter and  in the referenced C C IR  Reports.

A satellite has a weight and pow er lim itation  determ ined by the characteristics o f the launch  vehicle. 
V arious spacecraft capabilities and  requirem ents m ust therefore be traded  against each other. The effects o f  the 
technology discussed in this C hapter on spacecraft design are sum m arized in Table 2-II.
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Num ber o f  beam s

a) 3 frequencies

Num ber o f  beams

b) 19 frequencies

FIG URE 2-7 -  Frequency re-use capacity

M odified CCIR reference pattern axisym m etric reflector 
Calculation: — 3 dB dow n from  peak o f  the main beam  

Beam separation: 1 half power beam width o f  the main beam



FIGURE 2-8 -  Four shaped beams using dusters o f  0.44° beams

a) Single beam pattern b) M ulti-beam  pattern

FIG U R E 2-9 -  Beam-shaping by use o f  multiple narrow beams
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FIG U R E 2-10 -  Receiving antenna discrimination o f  unwanted satellite signal 

(Interference geom etry between satellite netw orks)

----------------- W anted signal paths

-----------------Interfering signal paths

G 4 - G 4 (0): receiving antenna discrim ination

Pt, p ,:  transmit powers o f  wanted and interfering carriers delivered to the associated earth-station antenna (dBW );

G |, G 4: transmit and receive antenna gains o f  one or m ore wanted earth stations (dB);

L uw: up link loss, wanted signal path;

Ld w : dow n link loss, wanted signal path;

Lfj/t up link loss, interfering signal path;

Ld i: down link loss, interfering signal path;

g i(0 ): antenna gain com ponent at the unwanted earth station towards the wanted satellite (dB);

0: geocentric m inim um  angular satellite spacing at the interfering earth station;

G 2 : receive antenna gain at the wanted satellite toward the wanted earth station(s);

G'2 : receive antenna gain at the wanted satellite toward the interfering earth station;

E, e: e .i.r .p . o f  the wanted and interfering carriers in the direction o f  the wanted earth station (dBW );

G4 (0): antenna gain com ponent at the wanted earth station toward the interfering satellite (dB).
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T A B L E  2-11 -  Design decisions fo r  a geostationary BSS system

D esign factor D ecision Prim ary impact Status and trends Other impacts

Service area 
shape

Shaped beam or 
circular/elliptical

Satellite antenna  
size and weight

§ 3.1 o f  this Chapter Prim e power 
requirements

E .i.r .p . E .i.r .p  .-G /T  
trade-off

Power am plifier 
selection  
Solar array size

§ 3 .2  o f  this Chapter 
Chapter 4

Thermal control

Eclipse
coverage

Num ber o f  operational 
channels during eclipse

Battery size Orbit position if  
no batteries

L ifetim e Econom ic factors 
Spares philosophy

A ttitude control fuel Chapter 4 for econom ic  
considerations 
Current design  
lifetim es 7-10 years

Solar cell 
degradation

Stabilization 3-axis or spinner Important m ostly for 
high power satellites

§ 1.1 o f  this Chapter Launch vehicle shape 
factor

Station-
keeping

Accuracy Station-keeping fuel § 3.3 o f  this Chapter

A ntenna
pointing

Accuracy A ttitude control 
sub-system  com plexity

§ 3.3 o f  this Chapter

3.1 Spacecraft transmitting antennas

It is likely that initial p lanning  will be based on the assum ption that the beam s em itted from  the satellite 
have elliptical or circular cross-section, and  the reference patterns described below  are based on this case. 
A ntennas with specially shaped beam s may also be very useful for b roadcasting  satellites because they m inim ize 
R F  pow er requirem ents and  w ould facilitate the suppression o f undesirable spill-over to neighbouring countries, 
while m aintain ing an effective coverage in the intended area.

The reference patterns shown in Fig. 2-11 are for the 12 G H z band , bu t m ay be used for lower bands as
well.

These values (cross-polar around  boresight and co-polar around  cp/(p0 =  1.5) may be difficult to  achieve in 
practice.

A good exam ple o f shaped beam s is the Intelsat-V  an tenna pattern  which is illustrated in Fig. 2-12. The 
zone and  hem isphere beam s also achieve frequency re-use and  po larization  diversity. A nother exam ple o f beam  
shaping is the 20 /30  G H z Japanese CS satellite which uses an tenna reflector contouring to help achieve the 
required  beam  shape. Figure 2-13 shows the theoretical and  m easured patterns o f an an tenna designed to cover the 
eastern tim e zone o f the U nited States [Cohen, 1981]. This figure illustrates the low side-lobe levels achievable 
outside the desired coverage area.

Note. — G ood side-lobe control m ay be difficult to achieve in practice in som e sectors far outside the m ain beam  
(see Fig. 3b o f R eport 810).

The im pact on o rb it/spectrum  capacity o f various beam  shapes is covered in R eport 633. The requirem ents 
and  actual characteristics o f  non-shaped-beam  antennas are covered in R eport 810.

If  elliptical beam s are used, service area coverage can be optim ized using the m ethods described in 
R eport 812.
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FIG U R F 2 - 1 1  — Reference patterns for co-polar and cross-polar compo
nents for a single-feed satellite transmitting antenna producing a beam 

o f circular or elliptical cross-section

Curve A: Co-polar com ponent (dB)
-  12 (q>/cpo)2 forO<<p< 1.58 <p0
-  30 for 1.58 <p0< (p <  3.16 (p0
-  [17.5 +  25 log (<p/<p0)] for 3.16 <p0 <  <p 
After intersection with Curve C: as Curve C

B: Cross-polar com ponent (dB)
-  (40 +  40 log |(<p/<p0) — 11) for 0 < (p < 0 .3 3  (p0
-  33 for 0.33 <p0 <<p< 1.67 <p0
-  (40 +  40 log |(<p/<po) ~  11) for 1.67 (p0 <  <p 
After intersection with Curve C : as Curve C

C: minus the on-axis gain (dB)

3.2 Power amplifiers

Travelling wave tube am plifiers (TW TAs) and  solid state am plifiers (SSAs) are the two m ajor candidates 
for pow er am plification in broadcasting  am plifiers. SSAs have the advantages o f a sim pler pow er supply  and  
better linearity with less pow er back-off than  required by TW TAs. The projected  channel availability  o f SSAs is 
also higher. TW TAs, on the other hand, have greater pow er capability , especially at higher frequencies. 
F igure 2-14 com pares TW TA and  SSA availability for the advanced Satcom  [Braun and  Keigler, 1980]. The 
present and projected boundaries between solid state and TW T am plifiers are illustrated  in Fig. 2-15.

Table 2-III lists some representative SSAs and  Table 2-IV lists som e specific TW Ts tha t have been 
developed for space applications.

TW T pow er supplies, usually called EPCs (electronic pow er conditioners), are also a critical com ponent, 
especially for the high pow er tubes used in broadcasting  satellite applications. Three o f the key TW T suppliers, 
nam ely Hughes, A EG -Telefunken, and  W atkins Johnson , are capable o f  delivering a com plete TW TA 
(TW T +  EPC). In m ost cases the EPC has been built and  integrated with the TW T by the spacecraft con tractor, 
for exam ple G eneral Electric (JBS-1) and  TRW  (CTS).

3.3 Station-keeping and  antenna pointing

Satellite station-keeping capabilities are currently  such that m ain ta in ing  position  w ithin ± 0 .1 °  along the 
orb it is easily accom plished. N orth-south  station keeping uses up m ost o f the station-keeping fuel. N orth-south  
and  longitudinal station-keeping requirem ents are shown in Table 2-V and  Fig. 2-16, respectively. E lectric 
p ropulsion  is a prom ising technology for m inim izing station-keeping fuel weight.

The basic function o f the attitude control sub-system is to m ain ta in  spacecraft attitude with sufficient 
accuracy to properly orien t the solar arrays tow ards the Sun and  to po in t the an tenna  beam s tow ards the in tended  
coverage areas. W ith the trend  tow ards narrow er beam s, an tenna po in ting  requirem ents determ ine attitude control 
limits.
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West spot

West zone

W est hemisphere

a) Intelsat-V A tlantic Ocean coverages

b) Intelsat-V Indian Ocean coverages 

FIG U R E 2-12 -  Intelsat-V antenna patterns

Z one and hemisphere beams use 3.7-4 .2  G H z  
Spot beams use 11-11.7 G H z
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Calculated contours

-2° -1° 0° 1° 2° 3° 4° 5°
(Degrees)

Measured contours

FIGURF. 2-13 -  C om parison  o f  ca lcu la ted  an d  m easured  gain  
c o n to u rs a t 1 1 . 7  GHz  fo r  sh aped  beam  an ten n a  p a tte rn
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M ission life (years)

FIG U R E 2-14 -  Solid state amplifier versus travelling wave tube amplifier availability 
trade-off fo r  the advanced RCA Sat com

A vailability: probability o f  all 24 channels operable (7 for 6 redundancy)

The two basic m ethods o f spacecraft stabilization are three-axis, where the entire spacecraft is m ain ta ined  
inertially  stable with respect to a spacecraft-E arth  vector, and  dual-spin w here the spacecraft spins on an axis 
parallel to  the E arth ’s ro tation  axis and  an  an tenna p la tform  is despun to  po in t along a spacecraft-Earth vector.

A ttitude contro l accuracy is generally m easured along three axes:

— R oll:  a spacecraft ro tation  along the flight axis, produces north-south  displacem ent o f an an tenna beam  at 
the E arth ’s surface.

— Pitch: a spacecraft ro tation  about its north-south  axis, produces east-west d isplacem ent o f  an an tenna beam  
a t the E arth ’s surface.

— Yaw : a spacecraft ro tation  abou t the spacecraft-Earth vector, produces an tenna beam  ro ta tion  at the 
sub-satellite point, and  beam  displacem ent together with ro tation  at o ther po in ts on the E arth ’s surface.

In general, greater errors can be tolerated  in yaw than  in pitch or roll. In any case the m agnitude o f  the 
a ttitude contro l error is a function o f  bo th  the sensors which sense the attitude errors in any o f the three axes, and  
o f  the m ethod used to  contro l spacecraft attitude. v

Spacecraft attitude, in the three-axis stabilization m ode, is usually m ain ta ined  by m eans o f reaction wheels 
which can be un loaded by m eans o f small thrusters. C ontro l by thrusters alone produces attitude lim it cycling and  
is w asteful o f fuel.

W hen very precise an tenna poin ting  is a requirem ent, an tenna axis m isalignm ent errors as well as any 
therm al deform ations in the vicinity o f attitude sensors becom e im portant. The use o f m onopulse erro r sensors is 
useful in  cancelling some o f these errors. F or very large spacecraft and  antennas, electronic an tenna beam  steering 
is a possible future solution to the problem  o f an tenna beam  pointing  accuracy.
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Frequency (G H z) 

a) Current capability [Cuccia, 1980-1981]

Frequency (G H z) 

b) Projected capability

FIG U R E 2-15 -  Solid state amplifier and travelling wave tube amplifier capabilities

The poin ting  accuracy which can be achieved depends on the types and  quality  o f a ttitude sensors 
em ployed for each axis (see R eport 808).

W ith the present state o f technology for contro lling  the pitch and  roll erro r o f  a spacecraft, the boresight 
erro r circle o f the transm itting  an tenna  should be capable o f  being m ain ta ined  w ithin 0.2°. W ith the in troduction  
o f im proved systems (e.g., radio-frequency sensing; see § 4.4, R eport 546) this radius could be reduced to  0.1°. 
Studies perform ed in the USA and  Europe indicate th a t eventually an  accuracy o f  0.05° can be achieved for a 
significant and  predictable portion  o f  the operational lifetime.
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T A BL E  2-111 -  Typical operational and experimental solid state power amplifiers 
fo r  communication applications

Frequency Bipolar transistor I VIP ATT am plifiers Power FET am plifiers

860 M H z 110 W : A TS-6 — —

1550 M H z 40 W : A T S-6, G PS — —

1685 M H z 20 W :S M S — —

2075 M H z 20 W : A TS-6 — —

2300 M H z 24 W : Voyager — —

4-6 G H z 7 W : Terrestrial R adio 1-10 W : Terrestrial R adio  

15.8 W :S R I

20 W : Fujitsu 
8.5 W : RC A  Satcom  

10 W : A T T  B ELSTA R

7-8 G H z —
3 W : H ewlett Packard
4 W : H ughes  

12.8 W : Varian

1 W : Terrestrial radio (Japan)

4 .4  W : W estinghouse  
10 W :E xperim ental-G .E .
10 W : Experim ental-TRW

11 G H z —
3.5 W :Terrestrial radio 

13 W :E xperim ental-U K
100 m W : CTS
20 W : Experim ental-TRW

18-20 G H z —
200 m W : Terrestrial radio 
800 m W :C om star  
10-20 W :T R W (>)

2 W : Experim ental 
6-7.5 W :T R W , T I( ')

30 G H z — 800 m W : Com star —

35 G H z —
100 m W : ETS-1I 
500 m W : LES 8 /9  

5 W : Experim ental-TRW
—

55-60 G H z 200 m W : Hughes —

(') N A S A  3 0 /2 0  G H z program .

Present attitude control systems used on m ost geostationary  com m unications satellites can contro l yaw  so 
th a t the erro r is in the range o f ±  0.3° to ±  0.8°, depending on various factors. The lower values (o f the o rder o f  
±  0.3°) can be achieved by using two separate attitude references sufficiently far ap a rt; for exam ple, use o f an  R F  
sensor and  an IR  sensor (when the coverage area is sufficiently far away from  the sub-satellite point) or use o f  
two R F  sensors (when the coverage area is large enough). Yaw stabilization to  w ithin ± 0 .1 °  has already been 
dem onstrated  in orbit w ith the ATS - 6  satellite by using star sensors [Redisch, 1975] but such sensors represen t a 
significant increase in the mass and  com plexity o f the satellite.
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TABLE 2-1V -  Space travelling wave tube amplifier suppliers 

(Helix type unless specified)

Frequency
(GHz)

Power level 
(W)

Company Country User Status

25 Hughes USA TDRSS Qualified
50 Hughes Electro Dynamics USA Insat-I Qualified

2-2.7 50-75 Hughes USA Arabsat In development
150 Watkins Johnson USA Shuttle Qualified

0.5 Hughes USA Intelsat-IV Flight qualified
4.5 Hughes USA Intelsat-IV, IV-A Flight qualified
4.5 NEC Japan JCS Flight qualified
5.0 Hughes USA Anik-A Flight qualified

3.7-4.2 8 Hughes USA Intelsat-V Flight qualified
10 Telefunken AEG FRG Anik-B Flight qualified
10 Hughes USA ATS-6 Flight qualified
13 Telefunken AEG FRG Symphonie Flight qualified
13 Hughes USA Intelsat-III Flight qualified

1.7 Hughes USA TDRSS Qualified
10 Hughes USA Sirio Flight qualified
10 Thomson-CSF France Intelsat-V Flight qualified
15 Telefunken AEG FRG Anik-C Qualified
20 Thomson-CSF France OTS, CTS Flight qualified
20 Telefunken AEG FRG OTS, Anik-B Flight qualified
25 Telefunken AEG FRG SBS Flight qualified
30 Telefunken AEG FRG TDRSS Qualified

11.7-12.2 lOO(') Hughes USA Japan BSE-1 Flight qualified
(Nominal) 100 Thomson-CSF France Japan BSE-2 Qualified

100 NEC Japan In development
150 Thomson-CSF France H-SAT Qualified
200(l) Litton USA CTS Flight qualified

200-230 Thomson-CSF France TV SAT/TDF-1 In development
260-280 Telefunken AEG FRG TV SAT/TDF-1 In development

450(0 Telefunken AEG FRG Nordsat Engineering model
700(') Telefunken AEG FRG Experimental
700(‘) Siemens FRG Experimental

700-1000(2) Valvo FRG Experimental

2.5 Hughes USA ATS-6 Flight qualified
4 Hughes USA JCS Flight qualified
4 NEC Japan JCS Flight qualified

17.7-20.2 3.75-30 Hughes USA ATT (Exper.) Breadboard
7.5-75 Hughes USA NASA 20/30 GHz In development

20 Telefunken AEG FRG In development
20 Thomson-CSF France In development

(') Coupled cavity type. 
(2) Klystron.

The BSE experim ental satellite o f Jap an  lim ited the dynam ic errors o f  its attitude contro l by zero- 
m om entum  three-axis stabilization , w ithin ±  0.03° for pitch and  roll by the use o f the earth  sensor, and  ±  0.3° 
for yaw  by the use o f the com bination  o f the earth  sensor and the radio-frequency m onopulse sensor, alm ost 
th roughou t the day [Shim uzu et al., 1980].
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TABLE 2-V -  North-south station-keeping velocity

Year
Inclination rate 
(degrees/year)

A v

(m/s) (ft/s)

1975 0.795 42.6 139.9
1976 0.770 41.3 135.6
1977 0.754 40.4 132.7
1978 0.748 40.1 131.6
1979 0.753 40.4 132.6

1980 0.769 41.2 135.3
1981 0.794 42.6 139.7
1982 0.824 44.2 145.0
1983 0.857 46.0 150.9
1984 0.889 47.7 156.5

1985 0.916 49.2 161.3
1986 0.936 50.2 164.7
1987 0.945 50.7 166.4
1988 0.944 50.6 166.1
1989 0.931 50.0 163.9

1990 0.909 48.8 160.0
1991 0.880 47.2 154.9
1992 0.848 45.5 149.2
1993 • 0.815 43.7 143.4
1994 0.786 42.2 138.3

I ?

Spacecraft east longitude 

FIGURE 2-16 -  Required annual longitudinal station-keeping velocity

4. Ground-segment technology summary

In  the U nited States, studies covering the optim ization o f low cost television receive-only (TVRO) 
term inals were first funded by NASA in the early 1970s [NASA, 1972]. O perational experience with satellite 
b roadcasting  o f television to low cost term inals was ob ta ined  w ith ATS -6  at 2.6 G H z and  CTS at 12 G H z. 
B roadcasting experim ents and receiving term inal developm ent at 12 G H z also took  place in Japan  with the BSE 
and  are continuing in C anada  using Anik-B.

An econom ic necessity o f BSS systems with a large num ber o f receiving term inals is tha t the cost o f  the 
term inals be fairly low (see C hapter 4). M aintain ing reasonable G / T  is the prim ary  technical challenge and  has 
recently received a great deal o f atten tion  both  in the 12 G H z BSS band  and  the 4 G H z FSS band. In the U nited  
States, 4 G H z TVRO term inals are currently undergoing substantial volum e p roduction  (estim ated 1000 per 
m onth). The technology and m anufacturing  techniques developed at 4 G H z are expected to  be applicab le to  
term inals in the BSS bands (see C hap ter 4, § 3.5.4).
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O nce the BSS system design process determ ines the required receiving term inal G /T ,  the p rob lem  rem ains 
to  optim ize the term inal design in  term s o f an tenna  size and receiver noise figure. The typical cost versus noise 
tem perature curve for low noise am plifiers is show n in Fig. 2-17 while the cost curve fo r an tennas versus d iam eter 
is show n in Fig. 2-18. A cost m inim um  exists for any G / T  at a certain  an tenna size as illustrated  in  Fig. 2-19. In 
recent years, this m inim um  has m oved tow ards sm aller an tenna sizes. This trend  canno t con tinue indefinitely  
because reducing am plifier noise figure below  a certain  po in t becom es ineffective due to  w eather an d  other noise 
contributors. Also antennas canno t be decreased in size indefinitely because beam w idth  and  side lobes increase 
with a po tential im pact on  sp ec tru m /o rb it utilization. M ore detailed in fo rm ation  on  the system aspects o f g round 
term inal G / T  is available in R eport 215.

FIGURE 2-17 -  Low noise amplifier cost versus noise temperature

FIGURE 2-18 -  Antenna cost versus diameter
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FIGURE 2-19 -  Receiving terminal cost versus antenna diameter

4.1 Receivers

A receiver can be functionally  divided into three parts: inpu t stages, interm ediate frequency stages and  
dem odulation  or adap to r stages.

4.1.1 Input stages [Konishi et al., 1974]

These stages are an im portan t part o f  the receiver. They should consist o f  a frequency dow n- 
converter which m ay or m ay not be preceded by low noise radio-frequency am plifier stages. If  the latter 
are required, they m ay be achieved by m eans o f tunnel-diodes or special transistors, o r even by param etric 
am plifiers in the case o f com m unity reception receivers. The converter can use Schottky-barrier diodes. For 
w ideband reception, with frequency-m odulation television, a solid-state direct local oscillator source, such 
as a G unn device, or a field-effect transisto r (FET), m ay be used. However, even if  some form  o f 
autom atic frequency contro l (a.f.c.) o f  this or any subsequent oscillator can be assum ed, som e care will still 
be necessary to m inim ize frequency drift w ith tem perature.

The design o f  the a.f.c. loop will depend on w hether d.c. or a.c. coupling is used in the 
frequency-m odulation transm itter m odulator.

In France [Dessert and  H arrop , 1980] a 12 G H z receiving un it has been designed based on the 
exclusive use o f FETs for the three m ain sub-assem blies: SH F pream plifier, local oscillator and  mixer. In 
the course o f tests, the receiver head dem onstrated  its ability to  provide television pictures o f excellent 
quality  from  12 G H z satellite transm issions.

The receiver head is based on th in-layer technology (m icrow ave integrated circuits) whereby the 
chips holding the FETs and  the associated passive elem ents are m ounted  on the sam e alum ina substrate. 
A n overall noise figure o f 3.6 dB is achieved with a 400 M Hz tuning range. The fact tha t this receiver head 
uses only FETs as active devices suggests tha t it should be possible to achieve a m ore integrated version. 
O ne m ay therefore foresee a future trend  tow ards the developm ent o f  m onolithically  integrated versions 
(e.g. active com ponents integrated with the sam e G aA s chip). This design is likely to lower costs, which is 
a decisive factor for any product in tended  for a wide m arket.
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In  Jap an  [Konishi, 1979; 1980] developm ent o f b roadcasting-satellite receivers has progressed 
rapidly  in the field o f direct converter systems as well as G aA s FET  pream plifier systems. A ccording to 
results obtained from  developm ent and  the BSE experim ents, it m ay be observed tha t bo th  types o f 
receivers, nam ely, direct converter and G aA s F ET  pream plifier have com parable noise figure perform ance. 
A bout 4 dB to tal noise figure has been achieved over 800 M H z receiver bandw id th , and  3.4 to  3.6 dB for 
300 to 500 M H z tun ing  range, using a d irect converter.

S im ilar progress in receivers for 12 G H z has been m ade in the U SA  and  C an ad a  as well as in 
Europe. In the light o f these im provem ents and  corresponding developm ents in low er frequency bands, it 
can be assum ed tha t noise figures o f the order o f  1.5 dB at 700 M H z and  2.5 G H z and  4 dB at 12 G H z 
will soon be ob tainable at reasonable cost for bo th  com m unity and ind iv idual reception. By assum ing a 
noise figure o f the order o f 4.5 dB for 12 G H z receivers it is possible to  reduce or elim inate the need for 
m anual involvem ent in the receiver m anufacturing  process thereby reducing costs and  provid ing  a practical 
m anufacturing m argin.

In  the U nited States, G aA s FET  am plifiers are in w idespread use for the recep tion  o f  satellite 
television signals in the 4 G H z band. The noise figures o f these receivers are in the 1.1 dB to 1.5 dB range. 
G iven the developm ent o f high yield, m onolithically  integrated  am plifier p roduction  techniques, reasonable 
cost receivers will be obta inab le in the 700 M H z and  2.5 G H z bands.

A m easurem ent o f the d istribution  o f  the characteristics o f direct converter 12 G H z receivers, which 
were selected am ong about 100 receivers developed for the BSE experim ent, was carried  out in Japan . As 
for d istribution  o f  noise figure, the result shows tha t the in itial value was 4.1 dB on an average w ith a 
standard  deviation o f  0.25 dB, and  degradation  during two years was 0.15 dB.

D uring the past decade considerable progress has been m ade in the reduction  o f  the noise figure o f 
G aA s FET  devices. G aAs FET  device noise figures at 4 G H z have com e dow n from  4 dB in 1971 to  
approxim ately  0.5 dB in 1981. W hile 4  G H z devices are now  close to  their theoretical noise figure 
m inim um s, devices at higher frequencies are still being im proved. In  early 1980 a p ro jection  was m ade 
[Barrera, 1980] tha t 10 G H z devices w ould achieve noise figures o f a round  1.3 dB and  18 G H z devices 
w ould approach  1.5 dB by 1981. The curren t goal is to  b ring  the noise figure o f 12 G H z devices below  
1 dB. Com m ercially available G aA s device and  G aA s F ET  low noise am plifier noise figure d a ta  are show n 
in Fig. 2-20.

4.1.2 Intermediate-frequency stages

For reception at 12 G H z the design will p robably  entail two frequency changes to  ease problem s o f 
selectivity, image rejection and  local oscillator rad ia tion , bu t installations w ith only one frequency change 
canno t be ruled out. For the 700 M H z and  2600 M H z bands either arrangem ent m ay be attractive. W hen 
there is m ore than  one frequency change, the first dow n-converter, equipped w ith a fixed frequency 
oscillator, should be placed close to , o r on, the an tenna. For 12 G H z reception , the choice o f  the value o f 
the first in term ediate frequency presents som e difficulties, since these frequencies m ust be chosen so as to  
avoid interference by terrestrial b roadcasting  transm itters or by other services using rad io  transm issions o f 
a certain  power.

A part from  this constra in t the interm ediate frequency should not be too  high because, if  a suitably 
low noise figure is to be m ain ta ined  in the interm ediate frequency am plifier, its cost increases significantly  
with frequency; likewise the dow n-lead coaxial cable tends to  cost m ore for higher frequencies.

O n the o ther hand , if  the interm ediate frequency is too  low, it will be d ifficult to elim inate the 
im age frequency. As, in the W ARC-BS P lan for Regions 1 and  3, the frequency channels fo r m ost service 
areas form  a group o f four o r five, lying w ithin a bandw idth  o f up  to 400 M H z, the tun ing  range o f  the 
receiver and  consequently the range o f the first in term ediate frequency m ust cover at least 400 M H z and  in 
som e cases 800 M Hz. U nder those conditions, the best choice for the first in term ediate frequency is w ithin 
the band  900 to  1700 M Hz. W ith a local-oscillator frequency lower than  the signal frequency, the first 
im age frequency m ight lie, in Region 1, w ithin the band  9.1 to  10.3 G H z; an  iris filter incorporated  in the 
w aveguide o f the an tenna connection w ould m ake it possible to  obtain  an  attenuation  o f  80 dB of tha t 
image frequency, which m ay be necessary in some areas to  give pro tection  against m aritim e rad ar and  
o ther high-pow er navigational systems (see § 10.2 o f R eport 473).
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FIGURE 2-20 -  Recent achievements in GaAs low noise amplification

The second interm ediate frequency, having a bandw idth  o f 27 M Hz, m ight be chosen in the 
vicinity o f 125 M Hz, which w ould again m ake it possible to  avoid the broadcasting  bands. F or a receiver 
used in Regions 1 o r 3, this could be achieved th rough  use o f  a 27 M Hz four-pole filter. The attenuation  at 
the second image frequency should be at least 30 dB.

On the o ther hand  m ost o f the 4 G H z satellite television receivers in the fixed-satellite service in 
use in the U nited States use a second interm ediate frequency o f 70 M Hz. A considerable am ount o f 
operating  experience has been accum ulated, and  in addition  a num ber o f circuit designs have been 
developed and  field tested. This technology should be directly applicable to  12 G H z receivers and  receivers 
operating  in other bands.

An alternative approach  is the use o f a phase-locked loop to  obtain  the video signal. I f  this can 
operate  directly at the first in term ediate frequency it avoids the need for a second in term ediate frequency. 
It should be noted , however, th a t the loop bandw idth  o f som e phase-locked-loop designs is com paratively  
wide and  m ay result in the dem odulation  o f adjacent channels. Therefore, use o f som e phase-locked-loop 
designs as described m ay be lim ited to areas where the received BSS channels are separated  by a sufficient 
spacing and where signals from  transm itters operating  in o ther services, the fixed service for exam ple, do
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no t lie too near the desired BSS channels. A large percentage o f 4 G H z satellite television receivers in use 
in the U nited States use a phase-locked-loop to dem odulate the TV carrie r at the second IF. This is 
accom plished with an integrated circuit in one o f two ways. Since the operating  frequency specification of 
the particu lar integrated circuit being used is 50 M H z and the second IF  frequency is 70 M H z, either the 
in tegrated circuits are screened for reliable operation  at 70 M H z, o r the ou tp u t o f the second IF  am plifier 
is divided by two and  the resulting 35 M H z TV carrier is fed to  the phase-locked-loop in tegrated  circuit.

4.1.3 Demodulation or adaptor stages

For television, use can be m ade o f a frequency dem odulator which will deliver the video signal 
(and possibly a frequency m odulated sound signal on a subcarrier, if  a subcarrier is used for sound 
com ponent transm ission). In the long term  it is expected tha t these stages, together with the program m e 
selection stages referred to in § 5 o f R eport 473, w ould be incorporated  in to  television receivers designed 
for reception o f both frequency-m odulated satellite and am plitude-m odulated  terrestrial em issions. In the 
interim  period, the video signal can directly feed a receiver at video frequency, or am plitude m odulate a 
carrier, to  produce a conventional signal which then feeds an  ord inary  type o f dom estic receiver. In the 
latter case, generation o f a standard  vestigial-sideband signal is ideally desirable, bu t in practice is not 
essential. Devices for direct FM -AM  conversion w ithout in term ediate dem odulation  are un d er study but 
the possible use o f signal pre-em phasis a n d /o r  energy dispersal may com plicate their design.

In order to  reduce the possibility o f interference to o ther services, a m easure o f energy dispersal is 
often required for satellite broadcast signals. F or individual reception in the 12 G H z band , the 
W ARC-BS-77 adopted  the use o f energy dispersal to ensure tha t the energy in any 4 kH z ban d  is at least 
22 dB below  the to tal assigned power. For television signals, such dispersal m ay be achieved by adding to 
the video signal, before application  to the feeder link, a periodic saw tooth or sym m etrical triangular 
waveform  with a repetition frequency equal to  a half, or a quarter, o f the field frequency. A peak-to-peak 
carrier deviation o f 600 kH z arising from  the dispersal w aveform  is sufficient to meet the requirem ent. The 
dispersal waveform  m ust be rem oved from  the video signal ob ta ined  from  the dem odulato r if  it is no t to 
cause visible effects on the displayed picture. Experience suggests that a sim ple low -cost d.c. restorer will 
be adequate for this purpose when using a dispersal waveform  o f the m agnitude indicated.

In Region 2 a new energy dispersal technique appears to  be particularly  suitable for com m unity 
reception type receivers operating  in the 12 G H z band. However, further study is required  to determ ine the 
im pact o f its use on the design com plexity and  cost o f the dem odulator o r ad ap to r stages.

As for the distribution  o f video signal im pairm ents, m easurem ents on receivers used for the BSE 
experim ent showed that the differential gain and  phase had  average values o f 2 .1% and 1 .8 ° with a 
standard  deviation o f 0.9% and  0.8° respectively. The m easurem ents also indicated  tha t degradations in 
differential gain and  phase were 1% and  0.5° during two years.

4.2 Low side-lobe antennas

Because broadcasting  systems involve the use o f num erous receiving an tennas (whether for individual or 
com m unity reception), the standards o f perform ance that are reasonable on econom ic grounds will tend to be 
poorer than  for transm itting  antennas. M oreover, when specifying the reference pattern , account m ust be taken o f 
the probable inaccuracy o f pointing  the an tenna tow ards the w anted satellite.

Figure 2-21 presents the co-polar and the cross-polar patterns o f an tennas for individual and  com m unity 
reception at 12 GH z. If  parabolic an tennas are used, the same patterns might apply  to  2600 M Hz systems and  also 
to 700 M Hz systems. It is to be noted that an tennas for com m unity reception w ould be expected to have 
som ew hat better side-lobe suppression than an tennas for individual reception. M oreover, side-lobe suppression 
techniques could be used to im prove the side-lobe response o f antennas, as dem onstrated  by C urve A" in 
Fig. 2-21.



The suggested values o f cp0 to be assum ed for different types of broadcasting service are given in 
Table 2-VI.
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TABLE 2 -V I -  Half-power beamwidths, <p0 o f ground receiving antennas 
(typical diameters are given in brackets)

Frequency

Broadcasting-satellite service

Terrestrial broadcasting serviceCommunity
reception

Individual
reception

2.0° (Regions 1 and 3)
12 GHz(i) 1.0° (0.9 m) 3.0° (2)

(1.8 m) 1.8° (Region 2) (0.6 m)
(1 m)

2600 MHz 2.7° 8°
(3 m) (1 m)

700 MHz 9° 15° (2 m parabola) See
(3.4 m) 30° (Yagi) Recommendation 419

(1) These are the values o f <p0 adopted at WARC-BS-77 for planning of the 12 GHz broadcasting-satellite service.

(2) Some administrations propose a different value for this parameter.

Higher-gain antennas may be used in some receiving installations, for exam ple, to ob tain  a better 
signal-to-noise ratio , but the Table is in tended to indicate the values o f (p0 for the types o f an tenna expected to  be 
used in the m ajority o f receiving installations.

A ttention is draw n to the fact that an tennas with sm aller beam w idths will require careful alignm ent and 
careful m ounting to prevent degradation  in reception, and that they may also call for a specification o f m axim um  
satellite m otion m ore dem anding than that o f satellites for o ther services.

A focal-fed parabolic an tenna is preferred to a Cassegrain an tenna , for reasons o f sim plicity in design and 
lower cost.

Currently  the an tenna designs used m ost widely in receiving term inals are axi-sym m etrical focal-point-fed 
parabolic. Axi-symmetric antennas, w hether focal-point-fed or Cassegrain have the problem  o f aperture blockage 
by the feed or sub-reflector which places a lower lim it on achievable side lobes. Techniques o f low ering side lobes 
within this constrain t have received considerable attention  [NASA, 1979]. Offset fed reflectors provide the 
potential for a significant reduction in side lobes. For an even greater potential reduction o f side lobes, techniques 
such as phased arrays offer possibilities [Cuccia, 1980-1981].

4.3 M ass production and integrated circuits

C ontinuing developm ent o f cost effective terrestrial television receivers has led to the developm ent o f 
integrated  circuits which perform  the sam e basic functions required in a satellite television receiver. M ass 
p roduction  and integrated circuits can be expected to  keep the cost o f satellite television receivers at a reasonable 
level, as long as sufficient standardization is m aintained. A good discussion o f television technology and its 
im pact on BSS ground term inals is available in [Cuccia, 1980-1981]. R eport 473 sum m arizes the ground  term inal 
cost projections which have been m ade on the basis o f this technology.
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Relative angle (<p/<p0)

Relative antenna gain (dB):

■3 dB Co-polar component
^  A: individual reception without sidelobe suppression 

0 for 0 « p <  0.25 <p0
— 12 (<p/<p0) for 0.25 ip0 <  (p <  0.707 (p0
-  [9.0 +  20 log (<p/<p0)] for 0.707 <p0 <  <p <  1.26 <p0
— [8.5 +  25 log (<p/<Po)] for 1.26 <p0 <  <p <  9.55 <p0
-  33 for 9.55 <p0 <  <p

A ': community reception without sidelobe suppression 
0 for 0<(p/(p0 <  0.25
-  12 ((p/<p0)2 for 0.25 <  <p/<p0 <  0.86
-  [10.5 +  25 log (<p/<p0)] for 0.86 <<p/<p0

A" feasib le for community and possibly for individual reception 
when sidelobe-suppression techniques are used 
0 for 0<<p/«p0<  0.25
-  12(<p/<p0)2 for 0.25 <  <p/<p0 <  1.414
-  25 for 1.414 <  <p/<p0 <  3.8
-  [10.5 +  25 log (<p/<p0)] for 3.8 <<p/<p0

B: Cross-polar component (both types o f reception)
-  25 for 0 <  <p <  0.25 <p0
-  (30 +  40 log |(<p/<po) — l|) fo r0 .2 5 (p 0<(p<0.44<p0
-  20 for 0.44 <p0 <  <p <  1.4 cp0
-  (30 +  25 log |((p/(p0) -  11) for 1.4 <p0 <  <p<  2<p0
-  30 until intersection with co-polar com ponent curve; then as 

for co-polar com ponent

C : Minus the on-axis gain

FIGURE 2-21 -  Reference patterns for co-polar and cross-polar 
components for receiving antenna (Regions 1 and 3)

Note. — The flat portion of the curves up to <p/<p0-  0.25 takes 
account of the pointing error of the antenna.
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C H A PT E R  3

COMPATIBILITY BETWEEN BROADCASTING-SATELLITE SYSTEM S  
AND OTHER SYSTEM S

1. Broadcasting-satellite systems

There are at present two possibilities for satellite b roadcasting  systems:

— satellite dedicated for broadcasting,
— m ulti-purpose satellite for b roadcasting  and  for com m unications.

V arious features o f these systems and  possible variants are discussed below.

2. Broadcasting satellite

Such a system envisages a satellite w ith broadcasting  capacity  only. As the cost o f the g round  segm ent is 
the m ajor com ponent o f total system cost, it is im portan t to  reduce it as m uch as possible. This im plies a 
high-pow er satellite, capable o f providing a high pow er flux-density at the surface o f  the E arth  (w ithin the lim its 
set by the R adio Regulations).

The desired coverage o f the service area could be achieved by either single-beam  or spot-beam  coverage.

2.1 Single-beam coverage

The norm al diam eter o f the coverage circle w ith respect to  an tenna  beam w idth  and  the e.i.r.p. o f the 
satellite is show n in Fig. 1-1 which shows that, fo r a greater coverage w ith a given e.i.r.p. o f  the satellite, a larger 
an tenna beam w idth (lower an tenna gain) is desirable.

2.2 M ulti-beam coverage

To provide greater pow er flux-density in a required  area a higher-gain satellite an ten n a  is needed, thereby 
lim iting the service area and  consequently  requiring a greater num ber o f  spot beam s for a larger required  area. In 
such an approach , careful frequency separation  is desirable. A slight increase in  the cost o f the m ulti-beam  
an tenna o f the satellite could lead to  considerable reduction in the cost o f the ground  segment. System cost 
evaluations are discussed in C hapter 4.

3. Multi-purpose satellite for both broadcasting and communications

To produce a cost effective system, a m ixed satellite system com bining com m unication  links w ith
broadcasting  could be envisaged in term s o f either single-beam  coverage o r spot-beam  coverage. Frequency
considerations both  for the FSS and  for the BSS respectively will have to  be in accordance with the R adio
Regulations.

4. Frequency bands for the broadcasting-satellite service

The W ARC-79 revised the R adio  R egulations and  allocated six frequency bands for satellite broadcasting . 
These frequency bands along with the other services sharing them , pow er flux-density (pfd) and  o ther constrain ts, 
are given in Table I-III.

5. Frequency sharing and interference

O ptim um  use should be m ade o f the geostationary  orb it and  the frequency bands allocated  to  the BSS. 
Satellite b roadcasting  m ay cover large areas o f the surface o f the E arth , consequently  o ther services operating  in 
the sam e frequency bands, terrestrial broadcasting, fixed and  m obile services m ay experience harm ful interference. 
Therefore, an adm inistra tion  p lanning  a satellite b roadcasting  system should take every precau tion  no t to cause 
harm ful interference to the services o f other adm inistrations. In this respect, the follow ing aspects need special 
consideration:

— Agreem ents and associated plans 

R esolution No. 507 o f the W ARC-79 states:
“ 1 . th a t stations in the broadcasting-satellite service shall be established and  operated  in accordance with 

agreem ents and  associated p lans adopted  by w orld or regional adm inistrative conferences, as the case 
m ay be, in which all the adm inistrations concerned and the adm in istra tions w hose services are liable 
to be affected may participate.”
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A frequency and orbit position assignm ent p lan  for the BSS for the band  11.7-12.5 G H z in Region 1 and
11.7-12.2 G H z in Region 3, was form ulated  by the W ARC-BS-77. This C onference specified sharing conditions for 
broadcasting-satellite systems serving these Regions in this band. The W ARC-79 annexed this O rb it/F requency  
A ssignm ent Plan to  the R adio R egulations as A ppendix  30. Based on the recom m endation o f the WARC-BS-77, 
the W ARC-79 resolved (R esolution No. 701) tha t a regional adm inistrative radio conference for planning in 
Region 2 should be held no t later than  1983. Principles and criteria for sharing in the interim  period are given in 
A rticle 12 and Annexes 7 and 9 o f A ppendix 30 to the R adio Regulations. This conference was held in G eneva in 
Ju n e /Ju ly  1983 and the resulting dow n-link and feeder-link Plans for Region 2 may be found in the Final Acts o f 
RA R C  SAT-83. These Plans are scheduled to be incorporated  into the Radio Regulations by W ARC ORB-85.

6. Elements to be considered in frequency sharing

In establishing the bases for frequency sharing between tw o types o f services, certain elements should be 
considered. These include the protection ratio  necessary to ensure tha t the interference from  one o f the services 
will be acceptable to the others.

Values for p rotection  ratios involving the broadcasting-satellite and terrestrial services are listed in
R eport 634. Also, the factors to be taken in to  account are the technical characteristics related to sharing, such as
e.i.r.p., an tenna aperture, side-lobe levels, receiver sensitivity and the k ind o f m odulation  used, as well as
geographical considerations (such as the line o f d irection from  the interfered-w ith to the interfering position and
the establishm ent o f “exclusion areas” and service areas). C onstra in ts and lim itations to these factors may be 
required  to perm it frequency sharing. F urther sharing in a com m on area may be achieved by tim e sharing.

If  co-area, co-frequency sharing is not possible, constrain ts and lim itations necessary to perm it sharing 
through  the use o f geographical frequency sharing arrangem ents w ould be required.

— Sound broadcasting

In existing broadcasting-satellite allocations, there is no d istinction m ade between sound and television 
systems. Satellite broadcasting  in the 620-790 M H z band  is perm itted by footnote 693 but is lim ited to  FM tele
vision.

The W ARC-79 recom m ended that the band  500-2000 M H z be analyzed to establish optim um  locations for
satellite sound broadcasting. Further study is required to determ ine if  there is any specific segment o f this band
that is particularly  desirable. Further study is also required to determ ine if sharing is feasible and, if  so, under 
w hat conditions. Thus the rem aining portion  o f this C hapter deals only with television broadcasting.

7. General equation for the limiting value of power flux-density of the unwanted signal to protect the wanted
service

As previously noted, when a broadcasting-satellite service shares frequencies with a terrestrial service, it 
may be necessary to im pose lim itations on the pow er flux-density produced by the unw anted signal at the 
receiving stations o f the w anted service. A general equation for determ ining the lim it on pow er flux-density is:

Fs =  Ftqp -  R q + Dd + Dp -  M r -  M, (1)

{Note. -  This equation m ay not be valid when the satellite signal arrives near grazing incidence. In this case an
add itiona l m argin must be included.)

where:

Fs : m axim um  pow er flux-density (dB (W /m 2)) to be allowed at the protected station,

Ftqp : m inim um  pow er flux-density (dB (W /m 2)) to be protected, i.e. the pow er flux-density which, in the
face o f therm al noise only, yields the ou tpu t signal quality q that is to be exceeded for some 
specified high percentage o f the tim e p,

R q : protection ratio  (ratio o f the w anted-to-interference signal pow er at the receiver input) (dB) for
barely detectable interference when the ou tpu t signal quality has been degraded by the therm al
noise to q,

Dd : d iscrim ination (dB) against the interfering signal due to directivity o f the receiving an tenna,

Dp : d iscrim ination  (dB) against the interfering signal due to polarization  o f the receiving antenna. This
factor is often com bined with Dd as a single term ,

M r : m argin (dB) for possible ground reflection o f interfering signal,

M j : m argin (dB) for possible m ultiple interference entries.
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The lim it on pow er flux-density given by equation  (1) ensures tha t the ou tpu t signal quality  at the 
receiving station o f the w anted signal will be equal to  q even when the pow er flux-density o f the system has faded 
to  the level Ftqp. D uring p%  o f  the tim e, the pow er flux-density o f  the system will be higher than  ^lqp and  the 
ou tput signal quality  will be higher than  q.

I f  it is desired to  express Fs in term s o f the m edian value o f pow er flux-density from  the w anted system, 
Ftqm, which yields the sam e outpu t quality  statistics, the equation  is:

Fs =  Ftqm -  Mp -  R q + Dd + Dp -  M r -  M x (2)

where Mp is the difference (dB) between the m edian value o f the w anted signal level and  the level exceeded p%  o f  
the time.

Equations (1) and  (2) can be applied to calculate the lim its on the unw anted  pow er flux-density, 
appropria te  to any given w anted service. In  the case o f the terrestrial b roadcasting  service, the receiving station to 
be protected is assum ed to be on the boundary  o f  the po ten tia l service area o f the terrestrial transm itter. This 
b oundary  is defined as the geographic contour w ithin which the pow er flux-density from  the terrestrial transm itte r 
equals o r exceeds tha t required to produce an ou tpu t signal (television p icture o r sound) o f acceptable quality  in 
the absence o f interference and m an-m ade noise a t 50% of the locations for at least p%  o f  the tim e, where for 
exam ple, p  has a specified value in  the range from  90% to 99%. In  the terrestrial b roadcasting  service it is also 
trad itional to describe the incident signal in term s o f field strength in  dB (jiV /m ) rather th an  in term s o f  pow er 
flux-density in dB (W /m 2). The form er can be ob ta ined  from  the latter by adding  146 dB.

7.1 Power flux-density  requirements

The pow er flux-density required to  perm it individual o r com m unity  reception  has been defined in 
C hapter 1, § 4.4 and  Table 1-XIV a and b.

C orresponding  values for the 12 G H z b an d  were given in  R eport 627-1 (K yoto, 1978) for terrestrial 
AM -TV broadcasting  services.

7.2 Calculation o f  power flux-density

To exam ine the possibility o f an  interference-free broadcasting-satellite system  to neighbouring  countries, it 
is essential that the pow er flux-density produced at the surface o f the E arth  from  the p roposed  satellite em ission 
be determ ined and  com pared with the perm issible pow er flux-density as laid  dow n by the R adio  R egulations. 
A nnex 3-1 to  this C hapter deals with a m ethod for calculation  o f pow er flux-density.

7.3 Field strengths and  power flux-densities to be protected

The field strengths and pow er flux-densities requiring pro tection  are discussed in the sections concerning 
each frequency band.

7.4 Protection ratios

R eport 634 deals with this subject in som e detail and  presents required  values o f p ro tec tion  ratio  for 
d ifferent systems.

7.5 Use o f  special techniques to m eet limitations on power flux-density

Energy dispersal techniques for frequency-m odulation could be considered to  spread  the rad ia ted  pow er 
over a w ider rad io  frequency bandw idth  to  m eet pow er flux-density lim itations when specified for narrow  
bandw idths such as 4 kHz. C areful consideration, however, should be given to the technical an d  econom ic im pacts 
o f  the application  o f such techniques.

Some exam ples o f  the use o f energy dispersal are given in the sections concerned.

7.6 Unwanted emissions

In  addition  to the required param eters fo r frequency sharing in the same band , though t m ust be given to 
services operating  in adjacent bands, and to  the harm onically  related bands.

8. Sharing in the 620 to 790 M Hz band

Television broadcasting  from  satellites using only frequency m odulation  is dealt w ith in  this section.

8.1 Sharing with the terrestrial broadcasting service

Frequency-sharing between a broadcasting-satellite system and  a terrestrial b roadcasting  system requires 
th a t the receivers o f each system be protected against interference from  the em issions o f  the o ther system. The 
terrestrial receivers can be protected by im posing lim its on the pow er flux-density produced by the b roadcasting
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satellite at points w ithin the terrestrial service area, as described in § 8.1.1. Conversely, the broadcasting-satellite 
system receivers can be protected against interference by requiring adequate separation  between the terrestrial 
transm itte r and the satellite receiver. An exam ple o f the separation  required in a particu lar case is given in 
Fig. 3-2.

8.1.1 Protection o f  the terrestrial broadcasting service

To protect the terrestrial television broadcasting  service from  interference from  a television 
broadcasting  satellite, it is necessary to place a lim it on the pow er flux-density that the satellite is allowed 
to  produce at points w ithin the service areas o f the terrestrial television broadcasting  stations.

A provisional value for this lim it in the band  620 to 790 M H z is given in Recom m endation 
No. 705 o f the W ARC-79:

[ - 1 2 9
Fs =  - 1 2 9  +  0.4 (5 -  20)

I -1 1 3
d B (W /m 2)

for 8  <  2 0 c
for 2 0 ° <  8  <  60c
for 60° <  8  <  90c

where 8  (degrees) is the angle o f arrival o f the satellite signal above the horizontal plane.

In R ecom m endation No. 705, the C C IR  was urged to study the frequency-sharing criteria to be 
applied  in this band  and to  recom m end a value to  be used in lieu o f the provisional limit. Several 
adm inistra tions subsequently conducted such studies and  have m ade their individual suggestions regarding 
the lim it on pow er flux-density that should be adopted.

In each case, the lim it was calculated from  an equation  equivalent to equation  (1) o r equation (2). 
W hile there was no t unanim ity  in the suggested lim its on pow er flux-density the differences can be 
understood  in term s o f the differences between the values assum ed for the param eters in the equations. A 
sum m ary o f assum ptions is given in Table I o f R eport 631.

8.2 Sharing with f ix e d  and mobile services

Lim itations on pow er flux-densities which w ould have to be im posed on the broadcasting-satellite 
television service to protect fixed and  m obile services, including trans-horizon radio-relay systems, at present 
allocated  the same frequency bands as the broadcasting  service, m ay cause difficulties in such sharing. Careful 
consideration  is, therefore, necessary before in troducing the broadcasting-satellite service. T ropospheric scatter 
systems which poin t tow ards the geostationary orb it are particularly  vulnerable. Exam ples o f the required pow er 
flux-density lim its in the case o f sharing with land m obile services are given in A nnex 3-II.

8.3 Protection o f  the broadcasting-satellite service

Protection o f the broadcasting  satellite ground receiving stations is norm ally  achieved by m ain ta in ing  a 
m inim um  separation  between them  and the terrestrial transm itter. The m inim um  separation  depends on the 
characteristics o f both the earth receiving installation  and  the transm itting  station in the terrestrial b roadcasting 
system. An exam ple o f the terrestrial pow er flux-density and  separation  distance required to protect the satellite 
service is given in Figs. 3-1 and 3-2 for the follow ing characteristics:

8.3.1 Terrestrial broadcasting system

— transm it station e.i.r.p.: 1 MW ;

— transm it an tenna height above average terrain : 300 m;

— lum inance signal-to-unweighted r.m.s. noise, for ju st perceptible interference: 36 dB (525 lines), 45 dB 
(625 lines);

— m inim um  signal to be protected: 64 dB (pV /m ) (525 lines), 65 dB (|iV /m ) (625 lines);

— receive an tenna m axim um  gain (R ecom m endation 419): 16 dB;

— required protection  ratio  from satellite service: 42 dB (525 lines) and 52 dB (625 lines).

8.3.2 Broadcasting-satellite service fo r  com m unity reception

Frequency m odulation  with peak-to-peak deviation: 10.6 M Hz (525 lines), 13 M H z (625 lines):

— lum inance-signal-to-unw eighted r.m.s. noise (beam  edge): 36 dB (525 lines), 45 dB (625 lines);

— satellite pow er flux-density at beam  edge:
— 118 d B (W /m 2) (525 lines),
— 1 1 0  d B (W /m 2) (625 lines);
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— receive an tenna  gain (3.3 m diam eter, 9° beam w idth): 25 dB ;

— receive an tenna  discrim ination  (R eport 810): (10.5 +  25 log (p/<p0);

— required pro tection  ratio  from  terrestrial service: 18 dB (525 lines), 28 dB (625 lines).

Note. — The calculations do not include allow ance for po larization  d iscrim ination  no r fo r g round  
reflections or m ultip le interference. N ote also tha t the exam ple show n in this section uses a pro tection  
ratio  o f  18 dB w hich w ould result in a picture im pairm ent level betw een 3.5 and  4 for less sensitive
m aterial. R eport 634 now  indicates tha t pro tection  ratios as high as 32 dB m ay be required  for less
im pairm ent o f m ore sensitive m aterial. Such pro tection  ratios w ould result in larger required  separation  
distances and  larger required angles o f d iscrim ination.

Ratio <p/q>Q

FIG URE 3 1  — Example of maximum permissible power flux-density 
from a terrestrial transmitter to protect an earth-station receiver

: direction of terrestrial transmitter relative to the axis 
of the main beam of the earth-statlon antenna

: 3 dB beamwidth of earth-station antenna

: 525-line system M (Canada, USA)

— -------------- : 625-line systems

9. Sharing in the frequency band 2500 to 2690 M Hz

In  accordance w ith No. 2562 o f the R adio Regulations, the follow ing perm issible lim its for pow er 
flux-density at the surface o f the E arth  are established:

- 1 5 2  1 0° ^  6 ^  5°

— 152 +  ^ ^  ^  > dB (W /m 2) in any 4 kHz band for 5° <  5 ^  25°

- 1 3 7  1 25° <  5 ^  90°

where 8  is the angle o f arrival (in degrees) above the horizontal plane.
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Distance from terrestrial transmitter (km)

F IG U R F 3 2 — Example of separation distance to protect earth-station receivers
from terrestrial transmitters

Terrestrial transmitter e.i.r.p.: 1 MW 

Antenna height above average terrain: 300 m 

Frequency : 700 MHz

--------------  : 525-line system M (Canada, USA)

--------------- : 625-line systems

9.1 Sharing with line-of-sight radio-relay systems

Co-channel operation  between a broadcasting-satellite system and  a terrestrial radio-relay system results in 
a num ber o f lim itations because the presence o f a transm itter o f a terrestrial radio-relay system w ithin, or in the 
neighbourhood  of, the service area o f the broadcasting-satellite system gives rise to  a “hole” in the broadcasting  
service area. This makes p lanning o f the radio-relay channelling very difficult.

9.2 Sharing with trans-horizon radio-relay systems

T rans-horizon radio-relay systems are subject to geographical and  frequency constrain ts which lim it 
p lanning  flexibility and  could m ake it difficult to avoid potential interfering configurations. Sharing involves 
consideration  o f the directions o f pointing  o f the antennas o f the trans-horizon system to protect the trans-horizon  
system receivers as well as considerations o f the directivity o f the satellite an tenna where the trans-horizon  receiver 
is w ithin the coverage area o f the broadcasting  satellite and  suitable protection is not available; one possible 
rem edy w ould be to m odify the trans-horizon system to use d ifferent frequencies. A lternatively, sharing with 
trans-horizon  radio-relay systems in this band  is only feasible if the lim itations placed on the pow er flux-density 
as laid dow n in No. 2564 o f the R adio Regulations are observed. This Regulation states:

“The pow er flux-density values given in No. 2562 are derived on the basis o f protecting the fixed service 
using line-of-sight techniques. W here a fixed service using tropospheric  scatter operates in the band  
m entioned in No. 2563 and  where there is insufficient frequency separation , there m ust be sufficient 
angu lar separation between the direction to the space station and  the direction o f m axim um  rad ia tion  o f 
the an tenna o f the receiving station o f the fixed service using tropospheric  scatter to ensure tha t the 
interference pow er at the receiver input o f the station o f the fixed service does not exceed —168 dBW  in 
any 4 kHz band .”

9.3 Protection o f  broadcasting-satellite systems

The receivers o f the broadcasting-satellite service w ould be susceptible to interference from  trans-horizon  
radio-relay  transm itters w ithin an elongated zone which extends for a considerable d istance in the direction in 
which the trans-horizon an tenna is pointed; the extent o f this zone is a function o f the an tenna  directivity and  the 
relative directions o f the trans-horizon link and the satellite.
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The R adio Regulations have laid dow n the follow ing additional provisions to protect the broadcasting- 
satellite service in the band  2500 to  2690 MHz.

“W hen planning  new tropospheric scatter radio-relay links in the ban d  2500-2690 M H z, all possible 
measures shall be taken to  avoid directing the antennas of these links tow ards the geostationary-satellite 
o rbit.” (R R  764)

“A dm inistrations shall m ake all practicable efforts to  avoid developing new  tropospheric  scatter systems in 
the band  2500-2690 M H z.” (R R  762)

9.4 Sharing with a certain type o f  f ix e d  terrestrial television distribution system

An exam ple o f the characteristics o f the type o f terrestrial television d istribu tion  system in question is 
given in Table 3-1. These characteristics are typical o f the Instructional Television Fixed Service (ITFS) system 
used in parts o f Region 2. Specifically, such systems utilize approxim ately  10 W  transm itters w ith om nid irectional, 
or directional, an tennas and  specified receiving points (educational institu tions) which em ploy directional 
parabolic  receiving antennas. It is believed that this type o f service is com parab le to  tha t o f com m unity  reception 
such as defined by the BSS. A range o f m ore or less standardized receiving an tennas is used with apertures 
o f 0.61, 1.22, 1.83 and 2.44 m (2, 4, 6  and 8  ft). The appropria te  an tenna  is selected for the distance from  the 
transm itter. The receiver noise figure in m any o f the systems is 9 dB. However, recent technological advances will 
perm it use o f receivers with noise figures as low as 3.5 dB.

Frequency-sharing in the vicinity o f 2600 M Hz between a broadcasting-satellite system and  an ITFS 
system is technically feasible under certain conditions. A lim it on the pow er flux-density o f  the satellite signal 
would have to be specified to  protect the ITFS service and  a “hole” or an area o f  interference w ithin the satellite 
service zone w ould be created due to interference from  the ITFS operation . The size o f this area o f interference 
depends on the transm itter pow er and  height o f the transm itting  an tenna  o f the ITFS system, the angular 
discrim ination o f the earth  receiving antennas o f the broadcasting-satellite system, and  the angle o f  elevation of 
the satellite.

TABLE 3 1  -  Example o f characteristics for a typical ITFS system 
(operating in the vicinity o f 2600 MHz)

Amplitude modulation, vestigial sideband, 
System M (USA and Canada) Omnidirectional

E.i.r.p. (dBW) 20

Service range (approximate) (km) 50

Received signal to be protected (dB (p  V/m)) 56

Luminance signal-to-unweighted r.m.s. noise (dB) 43

Receiving antenna gain: (dB) 
for diameter (m): q gj 21.5

1.22 27.5

1.83 31
2.44 33.5

Receiving antenna discrimination: (dB) 
where:

10.5 + 25 log (tp/tp0)

<p : angle off the main beam axis,

(p0: angle between the half-power points.

Required protection ratio from satellite signals (dB) 50

Receiving antenna beamwidth (degrees) 12.8; 6.4; 
4.3 and 3.2
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9.5 Protection o f  the IT F S  system

The television broadcasting-satellite service using w ideband frequency-m odulation can share frequencies 
with ITFS in the 2600 M Hz band  provided the satellite pow er flux-density for each channel is lim ited in 
accordance with the values shown in Fig. 3-3.

It can be shown tha t the allow able interfering pow er flux-density p, is:

C /N  4nkT B  1
P' “  ~ c J T  ' X 2 ' G((p)

where G(cp) is the ITFS an tenna gain at an off-axis angle cp.

In Fig. 3-3, curves are provided for each ITFS an tenna aperture for noise figures o f 9 and 3.5 dB, and for
a lum inance signal-to-unweighted r.m.s. noise ratio  o f 43 dB, representing the likely range o f system perform ance. 
The dashed line shows the pfd for the broadcasting-satellite system based on a satellite field strength o f 
28 dB (pV /m ) to be protected at beam  centre (i.e. —115 d B (W /m 2) beam  centre).

F or the contiguous U nited States, angles o f elevation are alm ost always greater than  30° for satellites in 
m id-continental locations. N ote also that the offset angle (between the m ain beam  o f the broadcasting-satellite 
earth -station  an tenna and  a terrestrial station an tenna) will never be less than  the angle o f elevation to the 
satellite, regardless o f terrestrial system azim uths. Therefore, as can be seen from  Fig. 3-3, a broadcasting-satellite 
system w ould not cause interference to  a 43 dB S / N  ITFS system having the characteristics shown in Table 3-1
even if the ITFS receiver has a noise figure as low as 3.5 dB (as can be seen in Curves 1A, 2A, 3A, IB, 2B
and  3B).

9.6 Protection o f  the television broadcasting-satellite system

An earth  receiving installation  for com m unity reception can be protected from  ITFS interference provided 
tha t the pow er flux-density o f the latter is lim ited to  a m axim um  o f —115 d B (W /m 2) as seen from  Fig. 3-4. This 
p ro tection  is achievable at a m inim um  angle o f elevation for the satellite o f 31°.

The necessary separation between the earth  receiving installation  location and the ITFS transm itter for 
d ifferent values of the ITFS pow er flux-density and  angles o f discrim ination  in the range from  60 km to over 
140 km is shown in Fig. 3-5. These values assum e no site shielding, and  were calculated from  the following 
form ula:

Et(d, r) E.i.r.p., — 10 log (4tt:d2) — L ,(d, r) +  146 (4)

where:

E,(d, r) : signal em itted by terrestrial transm itter at distance, d, with probability , r(%), (dB (pV /m )),

d  : d istance from  terrestrial transm itter,

L f d ,  r) : attenuation  in excess o f the spreading loss at distance, d, not exceeded for r%  of the tim e (here,
assum ed 1%).

N ote that a protection ratio o f 30 dB is used in this exam ple, which is consistent with R eport 634 and  the 
value o f  L,{d, r) is consistent with R eport 569 and  assum es a value o f H  =  200 m.

The separation distances show n in Fig. 3-5 are theoretical, w orst-case values. Some observations have been 
m ade o f interference from  ITFS transm itters to receivers sim ilar to those that m ight be used in the broadcasting- 
satellite service. These interference values were ob ta ined  from  experim ents conducted with the ATS - 6  spacecraft 
and  a m ultiplicity o f small receiving installations, some o f which were sited near ITFS transm itters or at various 
locations within their an tenna patterns.

A lthough the actual separation  distances and discrim ination angles were not, in several cases, sufficient to 
ensure interference-free reception based on the criteria o f R eport 631, no interference was noted even though such 
receivers were quite close to the transm itter or alm ost in its m ain beam.

A lthough these observations were no t sufficiently detailed or extensive enough to dictate changes in the 
m ethods o f calculation described in R eport 631, they do suggest tha t the m ethods therein are conservative, and  
tha t there may be m ore interference-free locations and  areas than indicated by the curves in R eport 631.

Results and conclusions in this section are based on theoretical considerations. Precise m easurem ents o f 
interference in the vicinity o f terrestrial systems in the band  2500 to 2690 M H z are needed to confirm  these 
predictions.
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FIG U R E  3 3 -  A llowable interfering broadcasting satellite power flux-density as a function o f offset angle (for protection o f  the ITFS
system)

Curve Diam eter, D (m) N oise  figure (dB)

1A 0.6 9
IB 0.6 3.5
2A 1.83 9
2B 1.83 3.5
3A 2.44 9
3B 2.44 3.5

Note. -  S /N  = 43 dB and C/I = 50 dB for all curves.

C _  _  __ _  Signal to be protected (beam centre pfd, —115 dB (W /m 2)) 
P : protected  
NP: not protected

9.7 Energy dispersal

The use o f energy dispersal in the 2.6 G H z band  has been exam ined by one adm inistra tion . C alculation  o f 
the required bandw idth  and  corresponding signal-to-noise ratio  leads to the conclusion tha t the perform ance o f a
2.6 G H z broadcasting-satellite system using sm all receiving antennas can be severely lim ited by the need to 
provide energy dispersal.

9.8 Sharing with the radioastronomy service

R eport 224 discusses sharing between the rad ioastronom y service and  the broadcasting-satellite service. In 
the shared band , the possibilities o f geographical sharing need to  be explored. In m aking assignm ents, the 
a ttention  o f adm inistrations is draw n to the adjacent band  problem s discussed in R eports 224 and  807.

10. Sharing in the 12 GHz frequency band

O peration  o f the various services in the band  11.7-12.75 G H z as well as sharing with other services should 
be in accordance with the Table o f Frequency A llocations o f the Radio R egulations and  the related foo t
notes Nos. 836 to  850.
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Ratio (p/<p0

FIGURE 3 4 -  Example o f maximum permissible power flux-density from terrestrial station 
transmitters to protect BSS earth-station receivers 

(ITFS at 2.6 GHz)

<p : direction of satellite relative to axis of main beam of terrestrial receiving antenna 
<p0: 3 dB beamwidth of terrestrial receiving antenna

00<L>TJ

-o
0 
.21

Distance from terrestrial transmitter (km)

FIGURE 3-5 -  Example o f separation distance to protect earth-station receivers from  terrestrial
transmitters 

(ITFS at 2.6 GHz)
E.i.r.p.: 20 dBW
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It is inherent in the concept o f a broadcasting-satellite service th a t a large num ber o f  receiving stations will 
be d istributed at random  over the service area. F or reasons o f econom y and  by the natu re  o f  the dom estic 
environm ent, the installations are unlikely to  offer a high degree o f p ro tection  against interference. A ny terrestrial 
service operating  w ithin the service area o f  a b roadcasting  satellite and  sharing the sam e channel will therefore be 
a po ten tia l source o f interference to  the broadcasting  receivers w ithin a distance from  the terrestrial transm itter, 
determ ined by its pow er and  rad ia tion  characteristics.

In  some clim ates, rainfall attenuation  m ay require large p ropagation  m argins if  service o f a high reliability  
is to be provided. The effect o f  this m argin should  be taken into account w hen considering sharing  problem s. 
Tables 1-X to 1-XII give atm ospheric attenuation  da ta  for different clim atic conditions.

10.1 Conditions fo r  the protection o f  terrestrial system s against interference fro m  broadcasting satellites

10.1.1 General considerations

The bandw idth  o f a 625-line broadcasting-satellite em ission is given as an  exam ple in R eport 215 
as 27 M Hz. F or conditions where no video in form ation  is present o r w here the video in fo rm ation  is 
repetitive in certain  ways, the pow er can collect itself in the form  o f spikes o f  energy. Since som e 
terrestrial services m ay be affected by pow er spectral density rather th a n  to ta l in terfering  pow er it is 
im portan t to  try  and  relate the pow er o f  a broadcasting satellite em ission to  the pow er in  d ifferen t 
bandw idths. This leads to  consideration  o f applying energy dispersal to  the b roadcasting-sate llite em ission 
o r interfered-w ith service.

F or terrestrial systems carrying analogue F D M -FM  telephony, in w hich a 4 kH z bandw id th  is 
considered w hen assessing interference levels, the advantages o f  energy d ispersal are significant. S tudies o f 
energy dispersal in the broadcasting-satellite service have show n th a t “n a tu ra l” d ispersion  values o f  the 
o rder o f  10 dB exist (R eport 631).

The W ARC-BS-77 adop ted  the use o f energy dispersal fo r the broadcasting-sate llite  service 
specifying the value o f 600 kHz.

W ith such a value the advantage fo r terrestrial systems carry ing television signals w ould  appear to  
be negligible. The subjective effect o f  a dispersed FM -signal on  an  AM -TY signal actually  gives a 
reduction in pro tection  ratio  o f about 1.5 dB per M H z peak-to-peak deviation  o f the dispersed signal (see 
R eport 634).

It is unlikely tha t there will be w idespread use o f energy dispersal by terrestrial services such as the 
fixed service.

The pow er flux-density in a 4 kH z bandw idth  from  a broadcasting  satellite em ission can  be sim ply 
ob ta ined  by subtracting  the app rop ria te  value in  Table 3-II from  the to ta l pow er flux-density  in the 
27 M Hz bandw idth .

TABLE 3 -II — Energy dispersal advantage relative to a 4 kH z band

Condition of dispersal Energy dispersal (dB)

Natural 10

600 kHz (WARC-BS) 22

1 MHz 25
2 MHz 27
4 MHz 30

A n additional pro tection  advantage also dependent on  the spectrum  o f a broadcasting-satellite 
em ission m ay be obtained in certain circum stances by offsetting the terrestrial channels from  the 
broadcasting-satellite channels. Such pro tection  will o f course depend  on the terrestrial em ission having a 
bandw idth  equal to , or less than , the spacing betw een the satellite b roadcast channels; and  the precise 
advantage will depend on the spectrum  o f  the two signals. F u rthe r study is required  to  produce num erical 
values bu t may lie in the range 0 to  10 dB depending on the aforem entioned  factors. Since R eport 634 
indicates tha t energy dispersal has an adverse effect on pro tection  ratios it w ould ap p ear to  follow  tha t 
energy dispersal w ould have an adverse effect on the advantage to  terrestrial services from  offsetting their 
em issions from  those o f b roadcasting  satellites.

The W ARC-BS-77 adopted  circular polarization  for the broadcasting-satellite service. Terrestrial 
systems em ploying linear po larization  should  no t rely on m ore than  3 dB o f po larization  d iscrim ination .
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10.1.2 Interference to terrestrial broadcasting fro m  the B S S

Interference to  terrestrial broadcasting  from  broadcasting  satellites is treated in this section as 
depicted in Fig. 3-6. The figure shows the two essential elem ents o f sharing in this situation: that o f the 
satellite an tenna d iscrim ination  (which can be expressed as a function o f the o ff beam  angle, (p) and that 
o f the terrestrial receiver an ten n a  discrim ination (which can be expressed as a function o f the angle of 
arrival, 0 ).

To illustrate the concepts o f this sharing m odel, the beam  centre indicated in Fig. 3-6 is assum ed to 
be aim ed at a po in t 40° north  and the beam w idth o f the satellite an tenna is assum ed to  be 2°. The 
resulting pow er flux-density at that longitude is show n in Fig. 3-7 by the solid line. The different values 
result from  the satellite an ten n a  discrim ination. The dashed line indicates for the exam ple o f a radio-relay 
system carrying television (line 2 in Table 3-III), the in terfering pow er flux-density which can be accepted. 
The different values result from  the radio-relay an tenna discrim ination. W here the dashed line is above the 
solid line, sharing is feasible for any direction o f azim uth o f the terrestrial receiver. W here the solid line is 
above the dashed line, sharing is only feasible when the radio-relay an tenna is displaced in azim uth by a 
suitable am ount from  the satellite position on the geostationary  orbit. This same exam ple is plotted in 
Fig. 3-8 in the form  o f a con tour m ap showing that w ith this particu lar exam ple o f terrestrial systems 
sharing is feasible in the non-hatched portions with no restrictions. Sharing is feasible in the hatched 
portions only w ith restrictions on the pointing  direction o f the radio-relay antenna.

It should be noted  tha t the above exam ple only considers the case o f a single satellite beam . W hilst 
a 2° beam  at 40° N is considered a fairly worst-case exam ple, the precise geographical area over which 
sharing is feasible will depend on the outcom e o f the actual orbit position /frequency  assignm ent plan 
which is established. The geographical area will also depend significantly on the sensitivity o f the 
particu lar terrestrial services using the band.

The above exam ple is for a single value o f satellite an tenna beam w idth. A m ore general way o f 
expressing the sharing criteria for any satellite beam w idth is illustrated below for the exam ple o f a 
terrestrial b roadcasting  system.

In the exam ple, the necessary value for the protection  ratio  for ju st perceptible interference, PRq , is 
56 dB (wanted signal AM-VSB, 625 lines; unw anted signal FM , nom inal peak-to-peak frequency deviation 
8  MHz). However, taking into account the m asking o f interference by random  noise, a lower value, PR \ , 
fo r the protection  ratio , calculated according to  the form ula:

PR, =  PRq -  (49 -  S / N ) (5)

has been adopted in our calculations, where S / N  is the peak-to-peak lum inance signal-to-r.m .s. weighted 
noise, exceeded for 99% o f the tim e at the edge o f the coverage area in the terrestrial b roadcasting  system. 
This signal-to-noise ratio  is assum ed to be 39 dB.

Thus,

PRX = 56 -  (49 -  39) =  46 dB (6 )

The m inim um  pow er flux-density o f the w anted signal at the edge o f the coverage area in the 
terrestrial b roadcasting system, exceeded for 99% o f the tim e is —85.5 d B (W /m 2). Thus, the interfering 
pow er flux-density o f a signal arriving from  the least favourable direction in the horizontal p lane should 
not exceed —131.5 d B (W /m 2).

On the assum ption that a typical pow er flux-density produced on Earth by the broadcasting- 
satellite at the beam  centre in clear weather is —98 d B (W /m 2), a discrim ination  o f about 33.5 dB m ust be 
ensured.

The envelope side-lobe diagram  of the receiving an tenna in the terrestrial b roadcasting  system is 
assum ed to  com ply with the reference curve A given in Fig. 2-21. Values for the an tenna gain according to 
this reference curve are show n in Table 3-IV.

It appears from  Table 3-IV that the required d iscrim ination  o f 33.5 dB cannot be ob tained from  
the angular response o f the receiving an tenna in the terrestrial b roadcasting  system alone. Thus, co-channel 
operation o f the terrestrial service using am plitude m odulation  w ithin the broadcasting-satellite service area 
is not possible.



Chapter 3 87

TABLE 3 — III -  Examples fo r  interfering power flux-densities acceptable by systems in the 12 GHz band

Wanted system Percentage 
of time

Maximum interfering power flux- 
density (dB(W /m2)) for angle 
of arrival o f 0 ° relative to the 

main axis o f terrestrial 
antenna

Antenna off-beam 
discrimination(')

1 2 3 4

Line-of-sight FM-radio relay links 
carrying telephony (3)

99.9 — 128/4 kHz (2) 
at any angle of arrival

35-25 log <p

Line-of-sight FM-radio relay links 
carrying television programmes (3)

99.9 — 125/5 MHz 10.5 + 25 log (tp /tpo )

Line-of-sight AM multi-channel systems 
carrying television programmes (3)

99.9 — 134/5 MHz 10.5 + 25 log ( q>/  <p0)

Terrestrial AM television system 99 — 130/5 MHz 9 + 20 log (cp/ (p0)

Terrestrial FM television system 99 — 130/27 MHz 9 + 20 log (<p/ (p0)

Broadcasting-satellite system 
(individual reception)

99 — 131/27 MHz —(9 + 20 log ( (p /  cp0 )) (2) 
for 0.707(p.<(p<1.26(p0 

—(8.5 + 25 fog (<p/(p0»  
for 1.26 (p0<tp^9.55tp0

(1) Antenna off-beam gain.

(2) See Report 810.

(3) For further information on parameters of these systems consult Report 608 (Kyoto, 1978).

TABLE 3 IV -  Gain and angular discrimination fo r  receiving antennas in the terrestrial broadcasting system

Off-beam
angle

0
(degrees)

Antenna gain (dB)

Relative to isotropic 
radiator

Relative to maximum 
main-lobe gain (34.5 dB)

10 13.5 -2 1 .0
15 8.0 -2 6 .5
20 5.5 -2 9 .0
25 3.0 -3 1 .5

>  29.65 1.5 -3 3 .0
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However, outside the broadcasting-satellite service area additional angular discrim ination is 
obtained, due to  the angular discrim ination o f  the broadcasting-satellite transm itter an tenna (see Fig. 3-6).

The relative gain o f the broadcasting-satellite transm itter an tenna is assum ed to com ply with 
Fig. 2.11, Curve A. The required value o f (p/<p0 (Fig. 3-6) to ob ta in  sufficient additional angular discrim ina
tion  has been calculated and  is shown in Table 3-V.

TABLE 3 - V  -  Required value o f  additional angular discrimination o f  BC-SA T transmitter antenna

BC-SAT elevation 
angle at 

receiving point 
(degrees)

Required value for the 
angular discrimination of 

the BC-SAT transmitter antenna 
(dB)

Required value 
for

<p/(p0

10 12.5 0.98
15 7.0 0.60
20 4.5 0.54
25 2 .0 0.33

>29.65 0.5 0.25

A nother exam ple o f  a terrestrial broadcasting  system, in which the m inim um  pow er flux-density at 
the f rin g e -o f  the service area is assum ed to be — 78.2 dB (W /m 2), can accept an interfering pow er 
flux-density arriving from  the least favourable d irection in the horizontal plane no t exceeding 
—124.2 dB (W /m 2). Such a value would enable feasible sharing over larger geographical areas than is 
indicated for the exam ple in Table 3-V.

As a result o f experim ents with N TSC 525-line television signals in Japan , it was found that 
satellite broadcasting  signals did not cause harm ful interference to  a 12 G H z AM-VSB terrestrial 
b roadcasting  system within its coverage area even with overlapping channels in the case where the pfd 
from  the BSE satellite was —106 d B (W /m 2) at about 40° elevation, while the terrestrial service is assumed 
to have a m axim um  range corresponding to  a pfd o f -  70 d B (W /m 2).

10.1.3 Interference to the fix e d  service fro m  the B S S

Interference to terrestrial radio-relay systems can result from  broadcasting-satellite transm issions. 
The pow er flux-density at the surface o f the E arth produced  by any space station in the broadcasting- 
satellite service on the territory  o f o ther countries is lim ited to a value o f the order o f
— 128 dB (W /(m 2 • 4 kHz)) independent o f the angle o f arrival.

U nder these conditions it is possible to form ulate restrictions on the choice o f a radio-relay 
path  with which the associated interference pow er in the telephone channel o f a reference 50 station 
radio-relay link does not exceed 1000 pW  with the pow er flux-density at the surface o f  the E arth being
— 128 dB (W /(m 2 • 4 kHz)) independent o f an angle o f arrival.

The follow ing approxim ation  is used in the calculations:

P =  Pt n . W - i G W S d *  (7)

where:

W : perm issible pow er flux-density at the surface o f the Earth , assum ed in this case to be equivalent to
-1 2 8  dB (W /(m 2 • 4 kHz));

P : interference pow er o f  the telephone channel (W);

P(n : therm al noise in the telephone channel assum ed to be 20 pW ;

(7(0) : radio-relay receiving an tenna gain in the direction o f the interfering signal arriving from  a space 
station,

1 0  log G(0) =  35 -  25 log (0)

Sf =  4 n k T b /X 2 

k  =  1.38 x 10- 23 

X =  2.5 cm 

T  = 890 K 

b = 4 kHz.

Care must be taken to use consistent units in the calculations.
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Service area of broadcasting satellite

!• 1G U R K 3 - 6  — Interference to receiver of terrestrial broadcast from broadcasting-satellite transmitter

A : off-beam angle of satellite antenna 

B : beam centre 

C : angle of arrival 

D : terrestrial receiver

As the calculations show, with the assum ptions adopted , the associated in terference pow er does no t 
exceed 1000 pW  if, for exam ple, the direction o f one radio-relay  receiving an ten n a  differs from  tha t to  the 
interfering space station  by 3°; and  the directions o f o ther an tennas d iffer from  the d irection to  interfering 
space stations by 16°, o r if  the directions o f all an tennas differ from  the  directions to  in terfering  space 
stations by approxim ately  13°.

The lim itations given can be realized both  in low and  high latitudes. It is also natu ra l tha t 
restrictions on the choice o f radio-relay paths are different in high and  low latitudes.
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Angle of arrival at the surface of the Earth (degrees)

FIGURE 3-7 -  E xam ple fo r  sharing m odel 2 showing fe a sib ility  o f  
frequ en cy  sharing between a broadcasting sa te llite  providing  
individual reception and  a radio relay carrying television

_________ Power flux-density from broadcasting satellite;
-  aiming point of satellite beam 40° N
-  satellite antenna beamwidth 2°

--------------- Maximum acceptable interfering power-flux density into a radio
relay system carrying television

---------------- --- E q u a to r

Curves A: terrestrial system 
B : satellite

10.1.3.1 Interference to a terrestrial radio-relay system  carrying FD M -FM

As discussed in a study conducted in the U nited States [Akima, 1980] from  which m uch o f  the 
m aterial in this section is taken, m any short-range FD M -F M  telephony systems are in operation  in the 
fixed service in  this band  in  the U nited States.

Typical receiver bandw idths are 12 M H z and  20 M Hz. In an F D M -F M  telephony system, 
degradation  o f the system perform ance caused by an interfering signal depends on the pow er spectral 
density o f the interfering signal as well as the total pow er o f the in terfering signal. Even if  the to ta l 
interfering signal pow er is so small tha t the w anted F D M -F M  system continues to  operate above its 
threshold, som e te lephone channels m ay be degraded severely if  the pow er spectral density o f the  
in terfering signal is very high in these channels.
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118.5

124.5

- 125.5

- 126.5  «

127.5

A ngle o f  elevation

FIG U R E  3-8 -  Power flux-density from  a broadcasting satellite with a 2° beam aiming at a
latitude o f  40° N

Note. -  The hatched regions in the above diagram indicate the area o f  the surface o f  the Earth 
where the m axim um  perm issible interference power flux-density into a television radio-relay link is 
exceeded.

First, we will com pare the to tal pow er o f the interfering BSS signal w ith th a t o f  the noise. The to ta l 
noise pow er is —123 dBW  in a 12 M H z bandw idth , and —121 dBW  in a 20 M H z bandw idth . These 
values are several decibels higher than  —127 dBW , which is the in terfering  BSS signal pow er in  the w orst 
case given in Table 3-VI. This Table shows the m axim um  value o f BSS signal pow er at a fixed service 
receiver for various values o f off-axis angles and  for several different receiving an ten n a  diam eters. Values 
given in this Table have been derived using the reference an ten n a  pattern  given in R eport 614 and  an 
assum ed Region 2 pfd  o f —102 dB (W /m 2) for no t less than  99% o f the w orst m onth . Typical in terfering  
pow ers will be assum ed as 3.8 dB lower. These m axim um  values are based on the varia tion  in pfd  from  
one BSS service area to  ano ther observed in the W ARC-BS-77 Plan for R egions 1 and  3. Such varia tions 
are probably  typical o f those to  be found in such allotm ent plans. The to ta l pow er o f noise plus interfering  
signal is only one decibel higher, at m ost, than  the noise pow er alone in this case. Therefore, the opera tion  
o f the w anted FD M -FM  system should rem ain above the th reshold  in all cases if the system is designed 
w ith a reasonable m argin in S / N .

N ext, we will com pare the pow er spectral density o f the interfering signal w ith tha t o f  noise. The 
W ARC-BS-77 specified tha t energy dispersal which corresponds to  a peak-to-peak deviation o f  600 kH z be 
em ployed by broadcasting  satellites in the G eneva P lan for Regions 1 and  3. T hat value will be used in 
this exam ple although energy dispersal was no t adopted  w ithin the Region for broadcasting  satellites in 
Region 2. Thus, we will assum e as a w orst case that the entire pow er o f the BSS signal is con tained  in  a 
600 kH z bandw idth.
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TABLE 3 - V I  -  Maximum value o f  the BSS signal power at an FS receiver 
6p denotes the off-axis angle, and D denotes the antenna diameter)

(A receiver noise figure of 10 dB is assumed.)

<p
(degrees)

Signal power (dBW)

D  = 0 .6m 1.0 1.5 2.0 > 2 .41

20 -1 34 .5 -1 3 6 .7 -1 3 8 .4 -1 3 9 .7 -1 4 0 .0
15 -1 3 1 .4 -1 3 3 .6 -1 3 5 .3 -  136.6 -1 3 7 .4
10 -1 2 7 .0 -  129.2 -1 3 0 .9 -1 3 2 .2 -1 3 3 .0

The noise pow er in a 600 kH z bandw idth  is estim ated to be —134 +  10 log 0.6 =  —136.2 dBW  
including a 10 dB contribu tion  from  receiver noise. Since this value is abou t the sam e order as the values 
o f  the BSS signal pow er given in Table 3-VI, the effect o f the in terfering BSS signal is no t considered 
negligible. The post-dem odulation baseband noise pow er in a telephone channel is 3 dB higher w ith the 
noise plus interference, than  w ith the noise alone if the pow er spectral density o f the interfering signal is 
equal to th a t o f the noise. Tables 3-VII and  3-V III show the increases in the baseband noise pow er caused 
by the in terfering BSS signal, calculated w ith Table 3-VI. These tables show the relations am ong: the 
off-axis angle o f  the BSS satellite from  the m ain  beam  o f the FS receiving antenna, the FS receiving 
an tenna  d iam eter, and  the required  system m argin against the interference in  the design o f the FS system. 
In  the w orst case o f  (p =  10° and  D =  0.6 m considered in  Table 3-VIII a m argin o f 10 dB is required. 
The required  system m argin decreases as the off-axis angle a n d /o r  the an tenna diam eter increases. In the 
receiving site where the elevation angle o f the BSS satellite is 20°, the required system m argin is less than  
4 dB regardless o f  the an tenna  diam eter. W hen the an tenna diam eter is equal to or greater than  2.4 m, the 
required  system m argin is less than  5 dB even if  the angle o f  elevation is 10°.

10.1.3.2 Interference to a radio-relay system  carrying F M -T V

An FM -TV relay system o f a sm all num ber o f  hops (no t m ore than  five hops) is considered as an 
FS system in this band. The channel bandw idth  considered in this system is 27 M Hz. (The FS system 
considered in the preceding section is used also to  transm it an  FM -TV signal in the USA.) C onsideration  
o f  interference to  an FM -TV system is essentially the sam e as tha t o f  interference to an  FD M -FM  
telephony system in that bo th  the to tal pow er and  the pow er spectral density o f the in terfering signal m ust 
be considered.

In  so far as the to tal in terfering signal pow er is concerned, the discussion o f the FD M -FM  
telephony system given in the preceding section also applies. Even with the in terfering signal, the system 
rem ains operating  above its threshold.

Since the pow er spectrum  of the BSS signal is considered to  be un iform  in a 600 kH z bandw idth  
for the purpose o f interference analysis, the discussion o f the interference to the FD M -F M  telephone 
system given in the preceding section also applies to  the interference to  an FM -TV system. The interfering 
BSS signal causes the baseband  noise pow er spectral density in the victim  FM -TV system to increase in  a 
p a rt o f the baseband by the ratio  given in Tables 3-VII and  3-VIII. I f  the system m argin is greater than  
th is ratio , the interference is considered tolerable.

TABLE 3 - V I I  -  Increase in the baseband noise pow er due to the interfering BSS signal 
(Typical values o f  BSS signal power, 3.8 dB below those shown in Table 3 -  VI have been used. 

<p denotes the off-axis angle, and D  denotes the diameter o f  the FS receiving antenna.)

<P
(degrees)

Increase in baseband noise power (dB)

D  = 0.6 m 1.0 1.5 2.0 >2.41

20 2.1 1.4 1.0 0.7 0.7
15 3.5 2.4 1.8 1.4 1.2
10 6.5 4.9 3.8 3.1 2.7
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TABLE 3 - V I I I  -  Increase in the baseband noise power due to the interfering BSS signal 
(Maximum values o f  BSS signal pow er shown in Table 3 - V I  are used.

<p denotes the off-axis angle, and D  denotes the diameter o f  the FS receiving antenna.)

<p
(degrees)

Increase in baseband noise power (dB)

D  = 0.6 m 1.0 1.5 2.0 > 2 .4 1

20 3.9 2.8 2.0 1.6 1.5
15 5.3 4.5 3.5 2.8 2.5
10 9.3 7.8 6.4 5.5 4.9

10.1.3.3 Sum m ary regarding interference fro m  the B S S  to the f ix e d  service

Taking in to  account the assum ptions used, results o f studies and  the  analysis given in this section
indicate that, w ith p roper coord ination , interference from  the BSS to terrestria l fixed services will no t be a
serious problem .

10.2 Interference to the B S S  fro m  terrestrial services

Typical values o f e.i.r.p. for som e terrestrial services which use or m ay use the  ban d  11.7 to  12.5 G H z and  
which m ay cause interference to  an  earth  station  receiver o f the broadcasting-satellite service are ind icated  in 
T able 3-IX.

E quation  (1) is also applicable for the case o f protection  for the satellite system provided  th a t the factors 
are changed as necessary to  represent the app rop ria te  param eters o f the  satellite system.

W here the app rop ria te  pro tection  ratio  is unknow n, an alternative app roach  m ay be used for the 
determ ination  o f  the m axim um  interfering pow er flux-density at the earth  sta tion  receiver, based on the  effective 
receiver inpu t noise power. I f  the m axim um  acceptable level o f interference is lim ited to  10% o f  the effective 
receiver inpu t noise pow er, then  even under conditions o f a severe fade o f the w anted  signal, the in terference will 
n o t further degrade the ou tpu t signal-to-noise ratio  o f  the receiver, p rov ided  th a t the fade does n o t cause the 
w anted signal to  fall below  the carrier threshold level.

I f  the pro tection  ratios are know n, sim ilar curves to  those given in Fig. 3-8 can be draw n. A n exam ple for 
a 625-line system is given in  Fig. 3-9 o f this repo rt and  is based on a pow er flux-density  o f —103 d B (W /m 2) an d  
a single-entry pro tection  ratio  o f 35 dB against frequency-m odulation  in terfering  signals fo r reception  in the 
broadcasting-satellite service. F rom  Fig. 3-9 the m axim um  tolerable in terfering  pow er flux-densities can be 
determ ined depending on the elevation angle o f the earth  station  receiving an ten n a  and  the difference in azim uth 
o f the directions o f the satellite and  the interfering signal. (These values o f pfd  are specified by the W ARC-BS-77 
for Regions 1 and  3.)

It should be no ted  tha t the expression Dd =  8.5 +  25 log (cp/cp0) dB fo r the an ten n a  d iscrim ination  
represents the envelope o f the m axim a o f  the an tenna  side-lobes and  thus the m inim um  d iscrim ination  (see 
Fig. 2-21).

I f  it is assum ed th a t the m ean d iscrim ination  at an  angle is som e 3 dB greater than  the  m inim um  
discrim ination  at th a t angle, then it can be stated tha t, for exam ple, in  90% o f  locations the in terfering  signal 
strength will no t exceed a level 1.7 dB below  the m axim um  perm itted.

W hen the m axim um  acceptable pow er flux-density for any particu lar d irection  at the earth -station  receiver 
has been determ ined from  Fig. 3-9, then the separating  distance required  between an  outside b roadcasting  link and  
the earth-station  receiver m ay be determ ined from  Fig. 3-10.

TABLE 3 - IX -  Examples fo r  e.i.r.p. o f  transmitters 
in the 12 GHz band

Service e.i.r.p. (dBW)

Line of sight radio-relay links:
Telephony 36

Television programme distribution 41

Television multi-channel 23.5 to 46

Broadcasting :

Amplitude-modulation 23.5 to 38

Frequency-modulation 26

Frequency-modulation (satellite system) 67.5
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0 5 10 15 20 25 30

Angle <p (degrees)

FIGURF.  3 - 9  -  A cceptable interfering pow er flux-density  from  a terrestria l transm itter not to be 
exceeded  for  99% of the tim e at an earth receiver (individual reception) fo r  the exam ple given

in § 1 0 - 2
(The angle o f  elevation o f the satellite is shown as a parameter)

<p: Difference in azimuth between the directions o f the satellite and the interfering signal. 
Earth-receive antenna maximum off-beam gain: see Figure 2-21, curve A, 
where: <p0: Antenna 3 dB beamwidth

= 2.0° (for individual reception in Region 3) from Final Acts WARC-BS-77



Chapter 3 95

0 40 80 120 160

Distance from transmitter to earth receiver (km)

FI GURE 3 10 -  R equ ired  separation distance to pro tect an
earth receiver fro m  terrestrial transm itters

(based on propagation curves for 50% of locations and 
1% of time)

Power flux-density produced by:
A: Outside broadcast transmitter (e.i.r.p.: 34 dBW)
B : Amplitude-modulation television broadcasting (e.i.r.p.:

38 dBW; transmitting antenna 75 m above the ground)
C : Frequency-modulation television terrestrial broadcast

ing (26 dBW; transmitting antenna 75 m above the 
ground)

Figure 3-10 also gives the separation  distances required for a given value o f  pow er flux-density between an 
earth  station receiver and  transm itters o f an am plitude-m odulation terrestrial b roadcast and a frequency- 
m odulation  terrestrial broadcast. The Schm eller and  U lonska propagation  curve for 50% o f  locations and  1% o f 
the tim e [Goes et al., 1968] has been used in the prepara tion  o f Fig. 3-10.

To protect a higher percentage o f locations for the broadcasting-satellite service, which m ight be necessary 
because o f the uniform  d istribution  o f the w anted pow er flux-density in the service area, a Correction to the 
m axim um  acceptable interfering pow er flux-density should be applied  sim ilar to tha t given in Fig. 12 o f 
R ecom m endation 370.

The value o f M,, the m argin for possible m ultiple interference entries, depends on the num ber and  type o f 
possible interferers. In the band  12.1 to 12.7 G H z, interference to the BSS m ay be caused by other BSS 
transm itters, by satellite transm itters in the FSS, and  by fixed, m obile and broadcasting  transm itters. F urther w ork 
is required to determ ine how the total allow able interference should be allocated.

It is evident from  Fig. 3-10 that, for large areas, frequency sharing with a given broadcasting-satellite 
service area w ould best be accom plished over an appreciable portion  o f that area if the terrestrial service operated 
in portions of the band  not used by the broadcasting-satellite service w ithin that service area. Experim ental work 
in Jap an  for the case o f an AM-VSB terrestrial b roadcasting  service has given an exam ple o f frequency separation  
that w ould provide a useful degree o f protection (see R eport 631).
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10.2.1 Interference fro m  the fix e d  service to the B S S

The subject o f interference from  the fixed service to  broadcasting  satellite receivers, including a 
m ethod o f determ ining, in general, the interfering pow er flux-density at the edge o f a BSS service area, is 
contained in A nnex 3 to A ppendix 30 to  the R adio  Regulations.

This section considers interference arising specifically from  typical fixed service transm itters in 
operation  in  the U nited States and  calculates the required  separation  distances to  perm it operation  of 
broadcasting-satellite receivers w ithout harm ful interference.

Interference from  the fixed to the broadcasting-satellite service (i.e. from  fixed service transm itter to 
broadcasting-satellite receiver) is no t un iform  in a service area o f the BSS, depending on the receiver 
location relative to  the location  and m ain-beam  direction o f the fixed station transm itting  an tenna.

The m axim um  perm issible in terfering signal pow er depends on the w anted BSS signal pow er and 
the required protection  ratio.

First, determ ine the w anted signal power. The pfd  to be exceeded for 99% o f  the w orst m onth at 
the edge o f the service area was specified by the W ARC-BS-77 as —105 d B (W /m 2) as an in terim  value in 
Region 2. The received pow er can be determ ined using the effective area o f the BSS receiving antenna.

F or individual reception in Region 2, the receiving an tenna half-pow er beam w idth is specified as
1.8°. This corresponds to  a m ain-beam  gain o f 39.3 dBi. A t 12 G H z, this requires an  effective aperture o f 
0.4m 2 (i.e. an actual diam eter o f about 1 m for circular, parabo lic  an tennas w ith efficiencies o f 55%).

Thus, the w anted signal at the inpu t to  the BSS receiver, at the edge o f the service area is:

-1 0 5  dB (W /m 2) - 4  dB(m 2) =  - 1 0 9  dBW

A nnex 9 to A ppendix  30 to the R adio  R egulations specifies the required  co-channel protection  
ratio  as 35 dB (single-entry) decreasing linearly to  0 dB for interfering signals 35 M H z aw ay from  the 
desired signal. Therefore, the protection  ratio  is reduced to  22.1 dB when the interfering signal is at the 
centre o f  the adjacent BSS channel (i.e. 19.18 M H z away), and  0 dB when the interfering signal is two or 
m ore channels (38.4 M Hz) away. Thus, only co-channel and  the next adjacent channel in terference need be 
considered.

Interfering  signal pow ers then becom e:

- 1 0 9  dBW  - 3 5  dB =  - 1 4 4  dBW , co-channel, and

- 1 0 9  dBW  -2 2 .1  dB =  -1 3 1 .1  dBW , ad jacent channel.

The in terfering signal pow er depends on the interfering transm itter pow er, transm itting  an tenna 
gain in the direction o f the BSS receiver, p ropagation  loss and  the BSS receiving an tenna  gain in the 
direction o f the in terfering fixed transm itter.

T ransm itter pow er varies from  system to system. (W hen the interfering signal bandw id th  is w ider 
than  the BSS receiver bandw idth , only the pow er in the la tte r’s bandw idth  need be considered.)

Reference rad ia tion  patterns for circular antennas used in fixed radio-relay systems are given in 
R eport 614. O n-axis gain is a function o f D /X  and the side-lobe envelope pattern  is a function  o f D /X  
and  <p, where D  is the an tenna diam eter, X is the w avelength, and  (p is the off-axis angle. G ain  in the far
side lobes is assum ed to  fall to iso tropic (0 dBi). The close-in side-lobe envelope pattern  given in
R eport 614 is applicable between the first side lobe and  the po in t where the gain has fallen to  isotropic. 
F or simplicity, assum e tha t the gain near the m ain lobe (expressed in dB) is parabo lic  with respect to  the
off-axis angle dow n to the first side-lobe gain, constan t at the gain o f the first side lobe out to  the angle
w here the gain w ould be isotropic, and  isotropic everywhere else. This is a conservative sim plifying 
assum ption, because the actual gain will be equal to , or less than , the values assumed.

The relationship  between propagation  loss, path  length and  type o f p a th  is also given in 
A ppendix 30 to the R adio Regulations. Here, we assum e all paths are over land.

The reference pattern  for the BSS receiving an tenna in Region 2 is given in the form  o f off-axis 
gain relative to  the on-axis gain (39.3 dB). Thus, the gain at off-axis angles o f 10, 15, 20 and  27 degrees is
12.2 dB, 7.8 dB, 4.7 dB and 0 dB, respectively.
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W ith these relations, the interfering signal pow er can be calculated , o r the required  separation  
d istances can be determ ined. For each interfering  transm itter, p lo t the m inim um  distance betw een the tw o 
locations against the off-axis angle o f  the interfering  transm itter an tenna w ith the location  o f the interferer 
a t the origin. The resulting curve is the distance con tour where the received, in terfering  signal reaches the 
perm issible limit. The area inside the con tour will have signals above the limit. Figure 3-11 is an  exam ple 
o f  such contours. These curves have been p lo tted  for a typical US terrestrial system w ith a 1 W  transm itter 
an d  a 1.8 m diam eter antenna. Figure 3-1 la )  shows the co-channel case, and  Fig. 3-1 lb )  shows the case o f  
ad jacent-channel interference.

In  Figs. 3-1 la ) and  3-1 lb ), the outer contours are for the w orst case, in w hich elevation angles o f 
the BSS receiving an tennas are 15°. The inner contours describe a m ore favourable case in w hich the BSS 
elevation angles are above 27°, where the gain has fallen to isotropic. (The difference between the inner 
and  ou ter contours can be in terpreted  as representing  the effect o f the d iscrim ination  o f  the BSS receiving 
antenna.)

FIG U R K 3 1 I -  Contours on which the received  interfering FS signal pow er is equal to its m axim um  perm issib le
lim its fo r  a 1 Watt (0 dBW ) US fixed -serv ice  system

BSS earth station elevation angle, 0 :
A: 0 = 15° (outer contour)
B : 0 = 27° (inner contour)



98 Chapter 3

Each contour has a sharp  peak in the m ain-beam  direction of the interfering antenna, while it is a 
circular arc for angles well outside the m ain beam . D istances corresponding to  these two regions are 
shown in Tables 3-X and  3-XI for both co-channel and  adjacent-channel cases, for both the 1 W system 
shown in Fig. 3-11, and for a lower e.i.r.p. system (type “ B”) em ploying a 10 mW  ( — 20 dBW ) transm itter 
and  a 0 .6  m diam eter antenna.

TABLE 3 X -  Minimum separation distances necessary in the case o f  
co-channel interference from  FS to BSS

FS system 
(typical of 
US usage)

Antenna
diameter

(m)

Transmitter
power
(dBW)

Distance (km)

Worst case Most favourable case

On-axis Distant On-axis Distant

Type “A” 1.8 Typical 0.0 254.0 100.0 220.4 53.1
Max. 10.0 297.0 104.1 263.4 100.0

Type “B” 0.6 Typical -2 0 .0 126.8 13.0 100.0 5.3
Max. - 3 . 0 200.0 92.2 166.4 37.6

T ABLE 3 X 1  -  Minimum separation distances necessary in the case o f  
adjacent-channel interference from  FS to BSS

FS system 
(typical of 
US usage)

Antenna
diameter

(m)

Transmitter
power
(dBW)

Distance (km)

Worst case Most favourable case

On-axis Distant On-axis Distant

Type “A” 1.8 Typical 0.0 198.4 29.5 164.9 12.0
Max. 10.0 241.5 93.3 207.9 38.0

Type “B” 0.6 Typical -  20.0 100.0 3.0 69.8 1.2
Max. - 3 .0 144.5 20.9 110.9 8.5

10.2.2 Sum m ary concerning interference from  terrestrial services to the B S S

From  the analyses shown here and the studies quoted, it can be seen that interference from  Fixed 
services to  broadcasting-satellite earth stations will be a serious problem .

The two services can share the sam e frequencies (in accordance with the limits o f harm ful 
interference set forth  in A ppendix 30 to the R adio Regulations) by keeping terrestrial transm itters a 
sufficient distance from  the service area o f a broadcasting-satellite beam.

Such sharing can be accom plished by using some o f the frequencies in a given geographic area for 
the broadcasting-satellite service, and the rem ainder o f the frequencies in the band  for terrestrial services.

10.3 Aspects related to sharing between the broadcasting-satellite service and the fixed-satellite service

10.3.1 General considerations

As a result o f d ifferent regional allocations to the fixed-satellite service and  the broadcasting- 
satellite service in the 12 G H z band, several inter-regional sharing situations arise between these space 
services.



Chapter 3 99

The W orld A dm inistrative R adio C onference for p lann ing  the b roadcasting-sate llite service in the 
frequency band  11.7 to 12.2 G H z (11.7 to 12.5 G H z in Region 1), G eneva, 1977 took  the follow ing action:

— it adopted  a detailed orbital position and  frequency assignm ent P lan for the broadcasting-satellite 
service in Regions 1 and  3;

— it adopted  a set o f provisions governing the broadcasting-satellite service in Region 2 pending the
establishm ent o f a detailed plan. These provisions include division o f the available o rbital arc into
separate segments for the broadcasting-satellite service and  the fixed-satellite service, and  a Regional 
A dm inistrative C onference held in 1983 for the purpose o f carry ing out detailed  p lann ing  for the
broadcasting-satellite service dow n links and  fixed-satellite service feeder links in Region 2 (see
R ecom m endation No. Sat-8  o f the W ARC-BS-77; see also R esolution No. 701 o f  the W ARC-79 and  
§ 5 o f this Chapter).

Subsequently, the W ARC-79 allocated separate frequency bands for the tw o space services in 
Region 2, thus obviating the need for orbital arc segm entation (see R esolution N o. 504 o f the W ARC-79). 
The band  allocated to  the broadcasting-satellite service has a low er lim it o f  12.2 G H z determ ined at the 
Regional A dm inistrative R adio  Conference, R A R C  SAT-83, and  an up p er lim it o f 12.7 GH z. The various 
space service sharing situations are sum m arized in Table 3-X II which m akes reference to  the applicable 
footnotes in the R adio Regulations. Table 3-X II does no t include the terrestrial services allocated  in the 
band  11.7 to 12.75 GHz.

Characteristics o f typical fixed-satellite systems are contained  in R eport 207. H ow ever, in Region 1, 
the band  12.5 to  12.75 G H z is allocated exclusively to the fixed-satellite service which m ay m ake its
param eters different from  fixed-satellite systems in which sharing is required.

N ote fro m  the Director, C C IR . — R adio R egulation footnotes 848, 849 and  850 allocate this ban d  on a
shared basis to o ther services in some countries o f Region 1.

T ABLE 3 - X I I  -  FSS and BSS sharing situations in the 12 GHz band

Frequency band 
(GHz) Region 1 Region 2 Region 3

11.7 to 12.1 BSS (S-E) FSS
BSS (FN 836)

(S-E)
(S-E)

BSS (S-E)

12.1 to 12.2 BSS (S-E) FSS or BSS
(FN 841)

(S-E) BSS (S-E)

12.2 to 12.3 BSS (S-E) FSS or BSS
(FN 841)

(S-E) FSS (FN 845) (S-E)

12.3 to 12.5 BSS (S-E) BSS
FSS (FN 846)

(S-E)
(S-E)

FSS (FN 845) (S-E)

12.5 to 12.7 FSS (S-E)
(E-S)

BSS
FSS (FN 846)

(S-E)
(S-E)

FSS
BSS (FN 847)

(S-E)
(S-E)

12.7 to 12.75 FSS (S-E)
(E-S)

FSS (E-S) FSS
BSS (FN 847)

(S-E)
(S-E)

(S-E): space-to-Earth 

(E-S): Earth-to-space

FSS: fixed-satellite service 

BSS: broadcasting-satellite service 

FN: footnote
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10.3.2 Sharing between the broadcasting-satellite and  Jixed-satellite services

The problem  o f  sharing between the broadcasting-satellite service and  the fixed-satellite service, 
particu larly  on space-to-E arth  paths, is a p roblem  o f sharing between dissim ilar (inhom ogeneous) 
networks. The factors tha t tend to  enhance orbit-spectrum  utilization are reasonably  well understood. The 
extent to  which these factors can  actually be exploited depends on m any operational, econom ic and  design 
constraints.

Sharing between the broadcasting-satellite service serving Regions 1 and  3 and  the fixed-satellite 
service serving Region 2 is a case o f sharing between dissim ilar networks w ith two special features:

— The areas served by the two services are separated  generally by large bodies o f w ater with the 
boundaries runn ing  north-south , which facilitates sharing as the side-lobe discrim ination  o f the space 
station  an tenna will tend  to  reduce the in terference; and

— Regions 1 and  3 have established a detailed P lan for the broadcasting-satellite service while no such 
p lan  exists for the fixed-satellite service in Region 2.

This m eans tha t the burden  o f sharing rests w ith the Region 2 space services provided that the 
broadcasting-satellite service operates w ithin the characteristics specified by the P lan for Regions 1 and  3.

Sharing criteria between these services can be established, in princip le, in term s o f a pow er 
flux-density lim it over the area to be protected , or in term s o f a m inim um  separation  o f space stations in 
the two services, o r in term s o f  a com bination  o f  both. A ppendix  30 to  the R adio R egulations deals with 
the problem  according to the last o f  these choices.

C onsidering, in addition , tha t the nom inal spacing between space stations in the western portion  o f 
the arc serving Region 1 is 6 ° according to the P lan, this m eans that a space station in the fixed-satellite 
service w ith characteristics specified in the R adio  R egulations (on-axis gain o f the earth-station  receiving 
an tenna  o f 53 dB and  side-lobe gain follow ing the law:

G ain  (dBi) =  32 -  25 log <p (8 )

where (p is the off-axis angle in degrees) could be p laced m idw ay between two broadcasting  satellites 
serving Region 1 providing its characteristics are such th a t it can tolerate an interfering flux-density o f 
abou t —161 d B (W /m 2) at the specified test point. This im poses restrictions on the k ind  o f service tha t can 
be provided by the fixed-satellite system, and  m ay prevent certain  sensitive systems, such as single-channel- 
per-carrier (SCPC) or 24-channels-per-carrier systems from  using these orbital positions at certain  
frequencies. However, no t all orbital locations in the P lan use all possible frequencies, and  it m ay be 
possible to accom m odate such carriers at these frequencies.

Sim ilar considerations will apply to  Region 1 and  3 fixed-satellite services sharing with the 
Region 2 broadcasting-satellite service after the 1983 RARC.

U nder R esolution N o. 503 o f the W ARC-79, the Region 2 broadcasting-satellite p lan  adopted  in 
1983 takes into account the p lanned  Region 1 and  3 broadcasting-satellite services in the overlapping 
frequency band. (See also § 10.3.3, following.)

10.3.3 Required orbital separation between Region 1 or 3 f ix e d  satellites and  Region 2 broadcasting satellites

In  the ban d  12.5-12.7 G H z, it is possible tha t b roadcasting  satellites in Region 2 could cause 
interference to  fixed-satellite earth  stations in Regions 1 and  3. However, the possibility o f this interference 
is greatly reduced in m ost cases due to the separation  between coverage areas and  between satellites.

The d iscrim ination  o f the broadcasting-satellite transm itting  an ten n a  (C urve A o f Fig. 2-11) is 
>  30 dB for (p/<p0 > 1.6, th a t is, a separation  o f  greater than  1.6 beam w idths as seen from  the satellite.

A further reduction  o f interference po ten tia l derives from  the d iscrim ination  o f the receiving 
an tenna  at the FSS earth  station , and  thus from  the angular separation  o f  fixed satellites in Regions 1 
and  3 from  broadcasting  satellites in Region 2.

F or exam ple, consider a situation o f a sm all FSS earth  station resem bling a com m unity reception  
BSS an tenna for which we could use the an tenna pattern  as given in C urve A ' o f Fig. 4, A nnex 8  o f 
A ppendix  30 to the R adio  Regulations. A d iscrim ination  o f 35 dB is achieved at a value o f  cp/(p0 ju st less
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than 10. Thus assum ing a 1° beam w idth an tenna (m inim um  com m unity  broadcasting  size per A nnex 8 ), an 
approxim ately 10° separation  o f satellite position  w ould achieve a d iscrim ination  o f 35 dB in the sam e  
service area.

Taking in to  account discrim ination  due to both coverage area and  satellite separations, and  
assum ing a coverage area separation  of 1.6 beam w idths (as above) for a 30 dB d iscrim ination , we note th a t 
an additional 10 dB discrim ination  (for a to tal o f 40 dB) will be achieved (using Fig. 4, A nnex 8 , 
A ppendix 30 to the R adio R egulations) at (p/(p0 ° f  which is a 1° satellite separation  for the receiving 
an tenna assumed.

W hile these exam ples illustrate the princip le o f using bo th  coverage area separation  and  satellite 
angular separation  to  determ ine the need for coord ination  between the BSS in Region 2 and  the FSS in 
Regions 1 and 3, the actual need fo r coord ination  depends on the particu la r systems being im plem ented, 
but can be quickly determ ined by the sim ple calculation shown below:

C oord ina tion  is not required  when:

D, j sat +  D F R x > e.i.r.p.B SAT — e.i.r.p.FSAT + PR  (9)

where:

d b s a t  '■ d iscrim ination  o f BSS satellite transm it an tenna ,

D frx '• d iscrim ination o f FSS earth  station receive an tenna,

e.i.r.p.B SAT: e.i.r.p. o f  BSS satellite,

e.i.r.p.FSAT: e.i.r.p. o f  FSS satellite,

PR  : pro tection  ratio  required by the FSS dow n link.

As one exam ple, assum e an e.i.r.p.B SAT o f 60 dBW  and  an e.i.r.p.FSAT o f  40 dBW  and  an  FSS earth  
station an tenna o f  3.6 m diam eter ((p0 =  0.5°). I f  the respective coverage areas are separated  by at least
1.6 beam w idth, a D BSAT> 30 dB will be provided. For a p ro tection  ratio  o f 35 dB, the required  DFRx o f  
25 dB will be achieved at a cp/cp0 o f approxim ately  4 (from  Curve A ' o f  Fig. 4 m entioned  above) which 
corresponds to an angular separation between the FSS satellite and  the BSS satellite o f  2°.

Further study o f specific interference situations is required.

It should be noted th a t as the diam eter o f the FSS an tenna  is decreased, D FRx decreases linearly  
thus w orsening the sharing situation. H ow ever the gain o f the FSS an tenna  decreases by the square. Thus, 
in the case where the rem ainder o f  the link budget param eters were designed for the sm aller FSS an tenna, 
e.i.r.p.FSAT m ust increase by the square as well — which tends to  im prove the sharing situation. This is the 
equivalent o f saying tha t the use o f small FSS receiving an tennas (and thus higher e.i.r.p.s o f  FSS satellites) 
reduces the inhom egeneity between such systems in Regions 1 and  3, and  BSS systems in Region 2.

In spite o f these considerations, there rem ain two significant p rob lem  areas. In the areas around  
the Bering and  D enm ark Straits, it is likely to be extremely d ifficult to achieve significant service area 
separation , so tha t satellite position  separation  will be the only source o f d iscrim ination , and  m ay be 
inadequate in any case to provide adequate protection m argins. Thus co-frequency in ter-regional sharing in 
this area may be im possible to achieve. In the areas where W est A frica and  Eastern South A m erica are 
closest, som e service area discrim ination  due to  space station an tenna patterns is achievable, depending  on 
coverage areas chosen. Coverage areas for both  FSS serving W est A frica and  BSS serving Eastern South 
Am erica should be chosen taking this possibility into consideration . In add ition , carefully chosen 
shaped-beam  spacecraft an tennas can im prove the sharing situation.

G uidelines for actual protection requirem ents are found  in A nnex 9 o f A ppendix  30 to  the R adio  
Regulations. H ow ever the pWOp (interference power) requirem ents are no t readily  usable in this equation. 
Further study is required on the conversion o f interference pow er in pWOp into a usable C /1  pro tection  
requirem ent.
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Sharing between services in the different regions is governed by the sharing criteria adopted  by the 
W ARC-BS-77 and by W ARC-79 (including, in particu lar, A ppendix  30 and R esolutions Nos. 31, 34, 700, 
701, 703 and  R ecom m endation N o. 708). The system characteristics adopted  in  the P lan  for the 
broadcasting-satellite service in Regions 1 and  3 im pose restrictions on the use o f certain  orbital positions 
n ea r and between the space stations o f the P lan for certain  sensitive fixed-satellite services.

10.3.4 Summary

11. Feeder links to the broadcasting-satellite service

11.1 Introduction

Since very little is know n about the problem s related to feeder links for broadcasting  satellites operating at
frequencies other than  12 G H z, this section will exam ine exclusively the feeder links for the 12 G H z broadcasting
satellites. A dditionally , the accom m odation o f spacecraft service functions is considered in C hapter 1.

11.2 System  concept and  technical characteristics

11.2.1 General

A feeder link for broadcasting  satellites com prises the following elements:

— the earth  transm itting  station characterized by the rad ia tion  characteristics o f  the an tenna and the 
transm it pow er;

— the link from  the earth  station to the satellite m ainly characterized by the propagation  conditions 
th rough the atm osphere;

— the satellite receiving an tenna with a certain  rad ia tion  characteristic and  the satellite receiver o f  a 
certain  sensitivity (noise figure).

The characteristics o f these elem ents and  particu lar constraints, where relevant, are discussed in 
§§ 11.3, 14 and  14.4 o f this C hapter, while further general system considerations are sum m arized below.

In m any cases, broadcasting  satellites will have a single, feeder-link earth  station for each set o f
dow n links w ithin a single service area. Such feeder links will norm ally  use an  earth  station with a larger
an ten n a  and a com paratively high transm it power. However, for some applications, d ifferent kinds and  
num bers o f  feeder-link stations m ay be required. Small fixed and  transportab le  earth  stations providing a 
d irect connection to  a b roadcasting  satellite have already been used and  their num ber can be expected to 
increase as the broadcasting-satellite service develops.

Feeder links m ay affect the p lann ing  o f the broadcasting-satellite service for several reasons:

— the noise and interference present in the feeder link will be retransm itted  on the dow n link and m ay 
constitute a non-negligible p art o f the to tal dow n-link  noise and in terference; in this context, it m ay 
be desirable to  p lan  bo th  the feeder-link and  the dow n-link channel assignm ents at the sam e tim e so 
as to  meet the required protection  ratio  for a desired service quality. This m ay be done in two ways, 
by p lanning  the feeder links and the dow n links sequentially or sim ultaneously, as described in 
R eport 633;

— the feeder link m ay require coord ination  with satellite systems operating  in a d ifferen t frequency b an d
and  m ay, therefore, im pose additional restrictions on the orbital positions o f  the broadcasting
satellites;

— feeder links m ay require coord ination  w ith terrestrial systems;

— the feeder-link and  the dow n-link service areas m ay not be coincident in some cases. F or exam ple, an  
adm inistra tion  whose territory  spans several tim e zones m ay find it desirable to  serve each tim e zone 
from  a different orbital location to ob ta in  better eclipse protection, and  at the sam e tim e to  be able to  
access each satellite from  any po in t w ith in  its territory  th a t has an adequate elevation angle. F urther 
study is required to determ ine the conditions under which such cases can be accom m odated;

— it may be desirable tha t feeder links operate from  a considerable num ber o f sm all or fixed 
transportab le  earth  stations located at any po in t w ithin the service area or, even in some cases, outside 
the service area;

— feeder-link bandw idth  is limited.
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The total bandw idth  requirem ents for feeder links could be reduced by exploiting  the greater 
directivity o f the earth  station transm itting  an tenna by using po larization  d iscrim ination  and  possibly by 
em ploying m ore advantageous m ethods o f m odulation. However, small fixed or transpo rtab le  feeder-link 
earth  stations have lim ited an tenna directivity.

Also, for m axim um  flexibility in the positioning o f satellites, the sam e or a greater bandw id th  m ay 
be required for feeder links than  for dow n links. C onsequently , since bandw idth  is lim ited, m axim um  
flexibility may not be realizable.

A lternatively, to allocate separate orbital positions to all countries and  to have sufficient angu lar 
separation  between them  to enable the sam e feeder-link frequencies to be used by every country  w ould be 
very econom ical in the use o f feeder-link frequency spectrum  bu t w ould occupy a large orb ita l arc and  
lim it the choice o f orbital positions for each country. It could also involve greater space-sector costs in the 
long term .

Thus an optim um  should be sought in which, bo th  in the feeder link and  the dow n link, orbital arc 
and  frequency spectrum  are used econom ically w ithout unnecessary restrictions on the broadcasting  
channel plans and  in which the particu lar feeder link requirem ents o f individual adm in istra tions can be 
m et w ithout im posing unnecessary constrain ts on the dow n-link plans.

For the period during which broadcasting  satellites will be in troduced , the viability o f the 
broadcasting-satellite service is particularly  vulnerable to  high costs. Thus, any m ethod for reducing 
feeder-link bandw idth  or saving orbit m ust no t entail such high cost as po ten tia lly  to m ake the 
broadcasting-satellite service no t viable. C ost should be acceptable and , accordingly, it form s ano ther 
constraint. The bandw idth-reduction  techniques listed in R eport 561 should be looked at in this context.

The interrelations o f feeder links and  links to  provide spacecraft service functions (such as TTC) 
are discussed in § 14 o f C hap ter 1.

11.2.2 Noise and  interference contribution o f  the feed er link

11.2.2.1 Noise

A m axim um  reduction o f 0.5 dB in the signal-to-noise ratio  o f  the dow n link, representing  the
contribu tion  o f the feeder link to the to tal signal-to-noise ratio , in 99% o f the w orst m onth , was found
desirable for p lann ing  purposes during the W ARC-BS-77. This corresponds to  a difference in the 
signal-to-noise ratios o f feeder links and  dow n links o f som e 10 dB, hence the nom inal feeder link 
carrier-to-noise ratio  should be about 24 dB for a dow n link carrier-to-noise ratio o f 14 dB. At frequencies 
above 12 G H z, special techniques may have to be applied  to ensure tha t the degradation  due to the 
feeder-link noise rem ains w ithin reasonable limits. W hen feeder links are p lanned  at the sam e tim e as the 
dow n links, it may be desirable to specify only the overall C / N .

Recent studies indicate that the follow ing aspects have to  be taken in to  account, am ong others:

— correlation between feeder-link fades and  dow n-link fades, and

— degradation  due to TW T A M /P M  conversion (a degradation  o f 2 dB to TW T A M /P M  conversion o f 
5 ° /d B ).

Finally, one w ould be led to choose an input C / N  ratio  of the order o f  26 dB. H ow ever, if 
com m unity receivers are used, these will have a higher C / N  on the dow n link. It is possible for 
com m unity reception that still higher values o f C / N  w ould be necessary on the feeder link (see 
R eport 952, § 3.2).

11.2.2.2 Interference

The total interference m ust not result in an im pairm ent worse than  the 4.5 grading on the scale 
given in R ecom m endation 500 at any poin t o f reception. Since the sources o f in terference in the 
satellite-Earth path , nam ely, the broadcasting  satellites, are num erous and since this type o f interference is 
liable to  reduce the num ber o f program m es broadcast to each country, the W ARC-BS-77 decided for 
Regions 1 and 3 that, for p lanning  purposes, the interference due to the E arth-satellite path  should  be 10% 
o f the total interference and  that the interference due to the satellite-Earth path  should be 90%.
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W ith a view to draw ing up a satisfactory frequency p lan  for the feeder links o f broadcasting 
satellites operating  in accordance with the F inal Acts o f the W ARC-BS-77, it is necessary to  establish an 
app rop ria te  ratio  for such links. Too tight a p ro tection  ratio  w ould m ake it difficult to draw  up  a p lan  and 
w ould entail excessive constrain ts for system operation  (restriction as to  satellite coverage in reception, and 
therefore as to the site o f  the transm itting  station, restriction on the use o f light-weight transportab le 
installations, etc.). However, too  lax a pro tection  ratio  w ould no t ensure adequately the required quality o f 
service (see R eport 634).

This problem  is dealt w ith in a num ber o f docum ents, but there are discrepancies and  inconsisten
cies. The arb itrary  selection o f one particu lar reference m ay lead to  m isunderstanding in discussions. It 
therefore appears essential tha t further studies are undertaken , which also will take into account the so far 
neglected perform ance o f the feeder link channel filters.

Based on results ob tained from  the experim ent using the m edium -scale broadcasting-satellite for 
experim ental purposes (BSE) and laboratory  tests carried out in  Japan , it is reported  that ju st perceptible 
carrier-to-co-channel interference ratio between two sim ilar FM -TV signals (deviation; 12 M H z peak-to- 
peak, 525 line system M) is about 38 dB under severe viewing conditions (closer viewing distance than  
given in R ecom m endation 500) for subjective assessm ent o f high quality broadcasting  signals.

Experim ents conducted with the OTS satellite for a 625-line TV signal in conform ity with the 
W ARC-BS-77 Plan confirm  the protection  ratio  o f 30 dB for co-channel interference, whereas for adjacent 
channel interference a low value (7 dB instead o f 14 dB) m ay be acceptable. C orrespondingly, a lower 
value (for exam ple, 17 dB) w ould be acceptable for feeder-link planning.

11.3 Choice o f  frequency band and  influence o f  the atmosphere

11.3.1 Frequency-band allocations

The W ARC-79 considered the problem  o f frequency-band allocations for the feeder links to  the 
broadcasting  satellites operating  in the 12 G H z band . C ertain  frequency bands were allocated for this 
purpose to  the fixed-satellite service (Earth-to-space), bu t lim ited for feeder links to broadcasting  satellites. 
These are:

10.7-11.7 G H z : in Region 1 only, shared w ith the fixed service, the fixed-satellite service (space-to- 
E arth) and the m obile service (except aeronautical);

14.5-14.8 G H z : shared with the fixed and  m obile services. This use is reserved for countries 
outside E urope and for M alta;

17.3-18.1 G H z : the upper half o f this band  is shared by the fixed and m obile services and  the 
fixed-satellite service (space-to-Earth).

In  addition , it should be understood tha t any b and  o f the fixed-satellite service (Earth-to-space) 
could  also be used for the feeder links, w ith the norm al coord ination  procedures, w ith the exception o f  the
14.0-14.5 G H z band  for which the use for feeder links to  the broadcasting-satellite service is reserved for 
countries outside E urope and  for M alta.

The band  47.2 to  49.2 G H z was also recom m ended for use with the 40.5 G H z to 42.5 G H z BSS 
frequency band  (see Radio Regulations, No. 901).

11.3.2 Influence o f  the atmosphere

The feeder-link signal will suffer attenuation  and  depolarization  when passing th rough  the 
atm osphere. These effects are o f statistical nature and  will also strongly depend on the feeder-link 
frequency and the location o f the feeder station. R elevant d a ta  can be found  in R eport 564.

For the higher frequency bands under consideration  (above 12 G H z) the atm ospheric influence on 
the overall signal-to-noise ratio  and on the signal-to-interference ratio  is likely to  be m ore significant. 
Provision o f sufficient protection  against rain  fades could m ean the application  o f  site diversity or 
feeder-link pow er control. This could inhibit the use o f  small fixed and  transportab le  earth  stations and  
could  also increase the cost o f the feeder link.
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11.3.3 Depolarization

Both rain  and  ice can cause depolarization  o f signals and  thereby reduce the carrier-to-in terference 
ratio , C /I ,  at collocated and  adjacent satellites. W hen ice is in the transm ission path , particu larly  when it 
is melting, its depolarization  effect is particularly  strong (the “bright b a n d ” phenom enon), although there 
is little a ttenuation  at such times.

12. Compensation methods

12.1 Power control a n d /o r  margin

Power control o f feeder links is the rap id , autom atic adjustm ent o f earth  station transm itte r pow er to  
com pensate for rain-induced attenuation  in the path  o f the desired signal to a satellite.

Experim ents using the BSE o f Japan  have show n that pow er contro l is effective in m ain ta in ing  a nearly 
constan t level o f desired carrier during periods o f rain  [Shimoseko et al., 1981]. In  this experim ent, at 14 G H z a 
varia tion  o f pow er received at the satellite o f 6  dB (peak-to-peak) and  1.5 dB r.m.s. w ithout pow er control, was 
reduced through the use o f pow er contro l to 1.5 dB (peak-to-peak) and  0.5 dB r.m.s., respectively.

However, the use o f pow er control can w orsen the interference situation. Studies have show n tha t the 
difference between interference levels in the case where pow er control is used at all stations, and  w here it is no t 
used and , instead, all stations em ploy a m argin, M, sufficiently high to  take account o f the attenuation  
experienced for all but a very small percentage o f  tim e, is given by:

— 1  nPc — — M j +  (C P A )iinst — (C P A )winst (10)

interference w ith pow er control, 

interference w ith no pow er control,

instantaneous co-polar attenuations on the in terfering and w anted links, 
respectively,

m argins on the w anted and in terfering links, respectively. The difference in 
the interference level (equation ( 1 0 )) does no t depend  on the instan taneous 
value o f the transpolarization  on the in terfering  path.

It is apparen t from  this equation  that, for m ost o f the interference situations and  for m ost o f the tim e, the 
interference will be the sam e with and  w ithout pow er control if  the clim atic conditions are statistically  sim ilar on 
the w anted and unw anted paths.

This conclusion must, however, be weighted by the following im portan t consideration . W hen there is rain  
in the interfering link, increased depolarization  will also take place. The pow er control system increases the 
transm itted  pow er to com pensate for the attenuation  (that is, at the only tim es when pow er contro l perform s its 
in tended  function). Thus, the cross-polarized, in terfering signal will be above its clear-sky level because o f two 
factors: both the absolute signal pow er and its depolarization have been increased. At such tim es, the use o f pow er 
contro l makes the interference situation worse.

Therefore, based on in form ation  available to date, it appears that pow er control in iso lation  (that is, 
w ithout com pensation for the effects o f depolarization) should no t be adopted  for p lanning  purposes for use at all 
feeder-link stations.

However, case by case studies w ould be necessary to assess the desirability  o f different m ethods o f pow er
contro l that could be applied  at certain stations (for exam ple, at stations located in areas o f heavy rain). In
add ition  to pow er control that increases the pow er linearly (that is, 1 dB for every dB of rain  attenuation) o ther 
m ethods can be envisaged. For exam ple, the transm itter might em ploy a relatively small pow er m argin m ost o f the 
tim e, and  the contro l system w ould increase this pow er only when the a ttenuation  exceeded a specific value.

There is ano ther disadvantage to the use o f pow er control: the lower pow er being transm itted  for m ost o f 
the tim e would m ake such transm issions m ore susceptible to accidental or in ten tional interference from  sim ilarly 
low er pow er transm itters not authorized to operate in this service and on these frequencies.

These d isadvantages o f the use o f large m argins, coupled with the lack o f in form ation  on the use o f 
non-linear pow er control, em phasize the need for fu rther studies on pow er control o f feeder links.

pc

where:

Ipc •

1npc •
( C P A ), msL and  ( CPA )w imL : 

M w and M l :
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12.2 Compensation fo r  depolarization

C om pensation  for depolarization  is the rap id , au tom atic adjustm ent o f the polarization  o f feeder-link 
signals from  earth  stations to m aintain  the desired po larization  at the satellite receiving an tenna under varying 
atm ospheric conditions. Theoretical studies indicate tha t the cross-polarized com ponent o f a circularly-polarized 
18 G H z signal m ight be held 25 dB below  the co-polarized com ponent [From m  and M cEw an, 1981; Bradford 
U niversity, 1981], during both clear-sky and  rain (or ice) conditions. This technique which could be realized with 
little additional hardw are in the transm itting  station could thus perm it the operation  o f feeder-link stations, 
especially transportab le stations, at tim es when they w ould otherw ise cause reduced, or even unacceptable C / I  
ratios at collocated or nearby satellites o f other systems.

F urther theoretical and  experim ental studies are required, o f control systems which w ould com pensate for 
depolarization  by rain and  ice, o f  circularly and linearly-polarized signals.

12.3 Diversity operation o f  feeder-link stations

The use o f feeder-link stations in diversity, that is, two stations separated sufficiently so tha t it is extremely 
unlikely tha t heavy rain will be in both  paths to the sam e satellite sim ultaneously, can overcom e the effects o f rain 
a ttenuation  and depolarization . D ue regard m ust be taken o f  no t only the required separation  between the 
stations, bu t the orien tation  o f the line connecting them  in relation to the prevailing direction o f “squall lines” , if 
they exist in that geographical region. (Clearly, the line connecting the two stations should be at right angles to the 
squall line.) However, the cost, and  operational com plexity o f  diversity stations is p robably  significantly greater 
than the use o f sufficient m argin at a single feeder-link station.

The use o f diversity for transportab le stations is particularly  problem atic from  the standpo in t o f cost and 
opera tional com plexity and  system operators w ould probably  accept the lower availability and  lower C /7  ratio at 
the desired satellite tha t the use o f non-diversity  transportab le  stations m ight cause, given their relatively 
in frequen t use.

13. Choice of polarization for feeder links

The choice o f feeder-link po larization  affects:

— the possible interference into feeder links operating  on the sam e channel o r adjacent channels due to 
atm ospheric depolarization ;

— the sharing with o ther services operating  in the same frequency band ;

— the design o f the spacecraft antennas.

C oncerning the latter, the choice o f feeder-link polarization  will have to consider the dow n-link 
po larization  too. The sam e polarization  for dow n link and  feeder link will norm ally benefit the spacecraft 
an tenna , thus allowing for less com plex and m ore m ass-efficient an tenna  concepts.

R egarding sharing with o ther services, the choice o f po larization  m akes little difference in the interference 
with terrestrial services.

The m axim um  advantage o f linear po larization  is lim ited by the shape o f the rain drops being deform ed in 
the vertical direction and  also the m isalignm ent resulting from  the m echanical im precision o f the antennas.

For ice induced depolarization , the advantages o f linear po larization  are believed to be less significant, due 
to a m ore random  orientation  o f the ice crystals.

In sum m ary, there appear to be several difficulties in taking advantage o f the better theoretical 
d iscrim ination  obtainable with linear polarization. Further studies are needed (see R eport 952 for details).

14. Earth stations for feeder links

14.1 Antenna considerations

In m ost cases, feeder links to b roadcasting  satellites will be provided by an earth station o f com paratively 
high pow er and with a com paratively large antenna. The noise and  interference restrictions described in § 11.2.2 o f 
this C hap ter are applicable to such feeder links.

Since the feeder links to the broadcasting-satellite service are in the fixed-satellite service, the side-lobe 
rad ia tion  o f the feeder link an tenna should meet the reference pattern  for the co-polar com ponent as given in 
Recom m endation 465 (for an tennas where D /X  > 100). Studies are required to  determ ine a suitable reference 
pattern  for the cross-polar com ponent, for which there is no R ecom m endation at present.

Studies done for the p lanning  o f feeder links to b roadcasting  satellites in Regions 1 and  3 showed th a t it
w ould be advantageous to adop t an tenna characteristics that produce negligible interference to ad jacent satellite 
orbital locations.
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In  p lann ing  the feeder links to broadcasting satellites, the operational requirem ents o f  the broadcasting- 
satellite service should be taken into account. The capability  o f feeding a television program m e directly  to  a 
broadcasting  satellite from  locations where there is no  practical m eans to  transm it the signal to  the perm anen t 
transm itting  earth  station is o f m ajor im portance, particu larly  in the case o f large o r m oun ta inous service areas. 
The use o f relatively sm all and transportab le  earth  stations for feeder links to  b roadcasting  satellites should  be 
considered under this light.

I f  the d iam eter o f the transm itting  an tenna becom es too  sm all, it m ay in troduce excessive interference into 
adjacent satellites. It w ould also com plicate the required  coord ination  w ith terrestrial o r o ther services w ith which 
the feeder-link frequency band  is shared. In general, it m ay be necessary to  find  a p ro p er balance between 
earth-station  an tenna  diam eter and satellite spacing w ithin the feeder-link plan.

In  recent studies, interference characteristics in the feeder links a t 14 G H z, w hich are assum ed to  connect 
to  broadcasting  satellites using the 12 G H z ban d  in an  A sian and  W estern Pacific area, as p lan n ed  by the 
W ARC-BS-77, are exam ined in relation  to satellite o rbital positions and  size o f earth  transm itting  an tennas. The 
results show tha t the interference situation depends to  som e extent on  longitud inal positions o f  satellites and  in 
some cases, relatively sm aller earth  transm itting  an tennas m ay be used w ithout increasing feeder-link interference 
levels.

14.2 Influence o f  location

A lthough restrictions on the  location o f earth  stations, on e.i.r.p. and on the satellite receiving an tenna  
beam w idth are representative elem ents of a feeder-link p lan , it m ay be desirable th a t considerable num bers o f 
small fixed or transportab le  feeder-link stations operate from  any po in t w ithin the broadcasting-satellite service 
area or, even in some cases, outside the service area.

This w ould place constrain ts on the p lann ing  process. Changes in the location  o f  the earth  sta tion  relative 
to the beam  axis w ould require a higher e.i.r.p. thus possibly causing m ore interference to o ther feeder links. Some 
im provem ent o f interference ratio  could be expected from  excluding som e particu lar site po in ts at the edges o f  the 
service areas, although this restriction m ay not be acceptable in certain  cases.

14.3 Interactive earth stations

In  addition  to the use o f the broadcasting-satellite service for the one-w ay transm ission  o f  p rogram m es to 
individual or com m unity receivers, some adm inistra tions envisage the use o f  broadcasting  satellites in a 
“tw o-w ay”, interactive m ode, w ith voice or da ta  on  the return  path , prim arily  for educational and  o ther public 
service purposes (see R eport 215, § 5.3.2).

E arth  stations for such applications w ould often be small and  transpo rtab le  and  m ight have to  be located 
anyw here in the service area.

Such stations m ay place additional requirem ents on  the orb it and spectrum  in the form  o f  additional 
frequency assignm ents and  perhaps w ider satellite spacings than  w ould be possible for conventional systems.

14.4 Satellite receiving antenna characteristics and  noise temperature

Beam width, po in ting  accuracy and  the rad ia tion  pattern  o f  the satellite receiving an tenna  will have to
com ply w ith certain requirem ents im posed by the overall feeder link requirem ents. These requirem ents, to  som e
extent, will dictate the receiving an tenna design concept.

A quantitative indication  o f the effect o f  relaxing the po in ting  accuracy requirem ent on the satellite 
receiving an tenna from  0.1 ° to 0.2 ° is provided by a study in France (see R eport 952, § 7.3).

From  the standpo in t o f satellite cost, com plexity and weight, a com m on transm it/receiv ing  an ten n a  w ould 
be advantageous. However, a separate receiving an ten n a  w ould offer a m ore independen t choice o f the feeder-link 
frequency and polarization  as well as receiving an tenna  beam w idth, beam  poin ting  and  rad ia tion  characteristics. 
W ith regard to  the latter, an EBU study indicates tha t very tight requirem ents m ay no t be necessary and  could 
unduly  constra in  the design o f the satellite receiving an tenna. The EBU  analyzed interference levels for two orb it 
positions in the 12 G H z W ARC-BS-77 Plan using:

— the patterns in the F inal Acts for the satellite an tenna,
— a pattern  w ith reduced near on-axis cross-polar perform ance,
— a pattern  w ith less stringent requirem ents in the region o f the First side lobe,
— a p lan  for feeder links deduced by a translation  o f the Plan fo r the broadcasting-satellite service established 

by the W ARC-BS-77.
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This analysis showed that the m odifications had negligible effects on the interference margins.

This exam ple shows that it is desirable to  exam ine in general the effect o f the satellite receiving antenna 
pattern  on the effectiveness o f feeder-link plans, bearing in m ind tha t some portions o f the an tenna diagram  may 
be critical, and tha t for other portions there m ay be less stringent requirem ents.

The sensitivity o f the satellite receiver is considered to be non-critical, w ith the exception o f those cases in 
which small fixed or transportab le  feeder-link earth stations are em ployed.

15. Sharing in the feeder-link bands

As a result o f allocation  actions taken by the W ARC-79, the use o f the frequency bands shown in § 11.3 of 
this C hap ter by the fixed-satellite service (Earth-to-space) is lim ited to  broadcasting-satellite feeder links (R R  foot
no te Nos. 835, 863, 869).

The subject o f frequency sharing between feeder links to  broadcasting  satellites and  other services is 
discussed in R eport 561. As can be seen in § 11.3 o f this C hapter, sharing w ould probably  occur between the 
dow n link in the fixed-satellite service and  the feeder link for b roadcasting satellites. In this case, the need to 
pro tect the fixed-satellite service receiving term inals m ay require a large diam eter earth-station an tenna for the 
feeder-link transm itter in order to perm it sufficient flexibility in the siting o f earth  stations.

The other bands allocated to the fixed-satellite service (Earth-to-space) may also be used for the 
broadcasting-satellite feeder links, subject to coordination . A m ong these bands, the use o f the 14.0 to 14.5 G H z 
ban d  for the broadcasting-satellite feeder links is reserved for countries outside Europe and for M alta (footnote 
No. 858 o f the R adio Regulations).

In this context, this section discusses interference problem s at 14.0-14.5 G H z between up links to fixed 
satellites and  feeder links to b roadcasting  satellites operating  in accordance with the 12 G H z W ARC-BS-77 Plan.

15.1 Example 1

An analysis carried out by Jap an  calculated the interference for particu lar cases in the band  14.0-14.5 G H z 
between up  links to fixed satellites serving Region 3 having the characteristics shown in R eport 561 for Intelsat-V  
and  feeder links to b roadcasting  satellites in Region 3 operating  according to the 12 G H z W ARC-BS-77 Plan. The 
analysis shows the follow ing results:

— for the technical param eters used in the study, the worst value o f the carrier-to-interference ratio  ( C / I )  on 
broadcasting-satellite feeder links interfered with by up links to Intelsat-V  in the Ind ian  Ocean region w ould 
be greater than  the assum ed protection  ratio  o f 45 dB. The w orst value o f the C / 1  o f  up  links to Intelsat-V  
interfered with by feeder links to the broadcasting  satellite w ould be greater than 31 dB required for 
interference noise pow er o f 400 pWOp in a 24 channel FD M -FM  system;

— as for the interference situation between the assum ed in ternational fixed satellite positioned at 65° E and the 
broadcasting  satellites, 15 m earth  station an tennas o f the fixed-satellite system w ould cause interference to 
the broadcasting satellites in the orbital range from  62° E to  74° E. Therefore, the required orbital separation  
fo r protecting the broadcasting-satellite feeder links m ay be about 10°. On the other hand, interference from  
broadcasting-satellite earth  stations to space stations in the fixed-satellite service would arise only from  the 
feeder links earth  stations to those broadcasting satellites nearest to  the fixed satellite w ithin 3° separation ;

— as for the interference situation between the broadcasting  satellites and  the assum ed dom estic or sub-regional 
FSS satellites, located w ithin the broadcasting-satellite positions, the interference to the broadcasting  satellites 
w ould be dom inant. In consequence, use o f 4.5 m earth-transm itting  antennas in the fixed-satellite system 
would cause interference to the broadcasting  satellites which are located w ithin about 30° from  the fixed 
satellites, with protection  ratios o f less than 45 dB.

If different transm ission characteristics and orbital locations were assum ed for Intelsat-V , som e o f which 
m ay be em ployed in com ing years (SCPC, 12 channel carriers, 6 6 ° E longitude position, etc.), they m ight lead to 
d ifferent conclusions concerning the required orbital separation  between fixed and  broadcasting  satellites using the
14.0-14.5 G H z band  in the E arth-to-space direction. Further study is necessary to take into account the range o f 
system param eters that m ight be used.
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The study conducted by the French A dm inistration  in this exam ple assum ed the fixed-satellite o rbital 
position located between two broadcasting  satellites spaced 6 ° apart, and  an  FSS service area partially  
overlapping one o f the BSS service areas. For this study and  particu lar set o f assum ptions, it was concluded tha t 
even in the case o f FSS netw orks using high-capacity F D M -FM  carriers, adequate p ro tection  from  in terference to 
the FSS from  the BSS feeder link cannot be assured unless the FSS satellite is placed in the proxim ity  o f those 
positions for which interference is m inim um . The choice o f these positions m ay entail severe constra in ts 
incom patible w ith the requirem ents o f the FSS (such as the service arc). F urtherm ore, the use o f a ban d  shared 
between broadcasting-satellite feeder links and  the up links o f the fixed-satellite service over an entire region 
w ould presuppose that sharing is feasible at least for certain  orbital positions, irrespective o f the possible 
characteristics o f the system s; however, it has been seen that in the case o f SCPC or low -capacity channels in the 
FSS, it is im possible to find a position tha t suits the purpose.

Individual cases o f sharing between FSS up  links and  BSS feeder links require detailed exam ination , 
taking into account the projected param eters and  the possibilities o f  frequency coord ina tion , which is under 
consideration in Study G roup  4.

15.2 Example 2

16. Sharing in the bands above 12.75 GHz

The W ARC-79 allocated three frequency bands above 12.75 G H z to the broadcasting-satellite service;
22.5-23, 40.5-42.5 and 84-86 GHz. In  the 40.5-42.5 G H z band , the broadcasting-satellite service is the only prim ary 
allocation and  therefore frequency sharing from  the BSS view point is no t necessary. In the 84-86 G H z band , the 
BSS, fixed, m obile and broadcasting  services are all allocated on a p rim ary  basis. H owever, foo tno te 913 applying 
to this band, states tha t stations in these o ther services “shall no t cause harm ful interference to broadcasting- 
satellite stations operating in accordance with the decisions o f the app rop ria te  frequency assignm ent p lann ing  
conference for the broadcasting-satellite service” . This footnote, plus lack o f detailed  in form ation  concerning the 
technical characteristics o f systems which may operate in this band, m ake it d ifficult to  set forth  a detailed  sharing 
analysis for this portion  o f the spectrum .

16.1 Sharing in the band 22.5 to 23 GHz between the B S S  and other services*

16.1.1 Interference to the f ix e d  and  mobile services fro m  broadcasting-satellite system s

A ssum ing conventional frequency-m odulation television, a b roadcasting  satellite operating  near 
22 G H z requires a higher e.i.r.p. than one operating  in the vicinity o f 12 G H z. A 4 dB increase is necessary 
to overcom e the worst-case (99%) atm ospheric loss (see Table 1-XIVa). Therefore, for a large percentage o f 
tim e, the pfd at the surface o f the E arth  will be tha t m uch greater from  22 G H z b roadcasting  satellites, 
thus tending to cause som ew hat greater interference to  the fixed services using the sam e frequencies in the 
same geographical area (see § 10.2.2 o f this Chapter).

16.1.2 Interference to broadcasting-satellite earth station receivers fro m  the f ix e d  and mobile services

The conclusions draw n in § 10.1 o f this C hapter are that the broadcasting-satellite and  fixed 
services operating  near 12 G H z cannot operate in the same geographic area. This conclusion is based on 
the likelihood o f interference from  fixed service transm itters to  broadcasting-satellite earth  station  receivers. 
Such interference is also likely for 22 G H z systems but defin ite conclusions canno t be draw n since the 
likely param eters o f space and  terrestrial systems in this band  are no t yet available.

16.1.3 Interference between the broadcasting-satellite service and  the inter-satellite service 

Interference between the BSS and the ISS is treated in R eport 951.

This band is allocated to the BSS only in Regions 2 and 3.
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17. Unwanted emissions from broadcasting-satellite space stations

17.1 Introduction

Space stations in the broadcasting-satellite service m ay have high values o f e.i.r.p. and consequently the 
level o f  unw anted em issions may produce interference in netw orks using adjacent and  harm onically  related bands 
for o ther services.

U nw anted em issions consist o f spurious em issions and out-of-band em issions (see Nos. 140, 138 and 139 
o f  the R adio  Regulations).

17.2 Possible source o f  unwanted emissions fro m  broadcasting satellites in adjacent bands 

These are:

(a) R ad ia tion  due to frequency conversion which is generated in the frequency conversion process and  the local 
oscilla tor source in the satellite transponder and  which will norm ally be quite negligible.

(b) T h ird  order in ter-m odulation  products caused by insufficient suppression o f signals in ad jacent channels in 
the satellite transponder; w ith careful design o f branching  filter, it is possible to  suppress the signal in the 
ad jacen t channels and  thus reduce this unw anted  em ission.

(c) Therm al noise generated by the satellite transponder; therm al noise in the dow n link is caused by:

— interaction  o f the therm al noise and R F  carrier in the high pow er am plifier due to  non-linearity ;

— am plification and  transm ission o f  receiver noise;

— retransm ission o f received feeder-link noise.

Figure 3-12 represents the calculated results for the therm al noise spectral p fd  as a function  o f frequency.

(d) Spreading o f signal spectrum  due to  non-linearities.

B and lim iting on the feeder link  and  in the transponder leads to  carrier envelope variations at the inpu t to
the  transponder high pow er am plifier w hich is typically a saturated am plifier and  also has A M /P M
conversion, so the envelope varia tions will generate R F  in term odulation . This in term odulation  will be reduced 
by increasing the bandw idth  o f the feeder link  and o f the transponder preceding the high pow er am plifier, 
b u t this will increase the system noise bandw idth.

The actual spectrum  rad ia ted  by the satellite largely depends upon  the TV signal transm itted. In  Fig. 3-13 
com puter-calculated  results on  this subject are presented for illustrative purposes.

17.3 Spurious emissions due to harmonics

Studies have shown tha t if spurious em issions a t harm onic frequencies are o f  the order o f  60 dB below the 
level o f  the fundam ental frequency, interference w ith other services a t these frequencies m ay no t be significant. 
How ever, further studies are necessary to assess the interference effects in individual bands.

17.4 Protection o f  other services from  unwanted emissions

G uardbands necessary to protect the services operating  in adjacent bands from  unw anted em issions o f 
12 G H z broadcasting  satellites are discussed in § 3.9 o f A nnex 8  o f  A ppendix 30 to the R adio Regulations.

S im ilarly in o ther bands, adjacent services m ay be protected  by establishing appropria te  guardbands. The 
w idth o f the guardbands depends upon  the design affording a m axim um  feasible p rotection  from  interference 
outside the bandw idth  required  for satisfactory service (see R adio  Regulations No. 301). Studies have shown tha t 
unw anted  em issions outside the allocated band  can be reduced by filters with a roll o ff o f 2 d B /M H z up  to  an 
a ttenuation  o f  80 dB.

17.4.1 Protection o f  the fixed-satellite service from  unwanted emissions

R eport 712 addresses the protection o f fixed-satellite earth  stations operating  in ad jacen t bands 
against unw anted em issions from  12 G H z broadcasting-satellite space stations and  gives the values o f  
m axim um  allow able pow er flux-density (pfd) at the edge o f the band  tha t w ould produce no m ore th an  
500 pWOp o f interference in the w orst channel o f an F D M -FM  carrier in  the fixed-satellite service w hose 
space station is collocated and serves the sam e area.
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FIGURE 3-12 — Typical envelopes of the thermal noise power spectrum radiated by the high-power output
amplifier of a broadcasting satellite

Curves A: Transponder with typical filtering

B: Estimated performance of transponder with additional filter before power amplifier
C: Nominal channel bandwidth (27 MHz)

Note. — The spectra shown by curves A and B assume the presence of an rf-carrier corresponding to a 
power flux-density o f -94 dB(W /m 2) at the centre of the beam and a carrler-to-noise power ratio of 
about 20 dB at the transponder output. In the absence of a carrier, the thermal noise spectrum 
envelopes Increase by about 9 dB.

17.4.2 Protection o f  f ix e d  and  mobile services

U nw anted em issions from  broadcasting  satellites into fixed and  m obile services are discussed in 
R eport 789.

17.4.3 Protection o f  radioastronomy services

H arm onically  related spurious em issions into the 23.6 to  24.0 G H z rad ioastronom y band  are 
discussed in A nnex II o f R eport 697 (K yoto, 1978) and  A nnex II o f R eport 807.

17.4.4 Conclusions

It is concluded that the unw anted em issions from  a broadcasting-satellite space station  m ay no t be 
negligible and  are caused prim arily  by therm al noise and  by frequency m odula tion  o f  the carrier by the 
video w aveform  chosen. I f  it is practicable to  use R F  filters o r narrow band  m ultiplexers at the ou tpu t o f 
the broadcasting-satellite transponders w hich have sharp  channel-edge decay rates, then the guardbands 
could be reduced.
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FIGURE 3-13 -  Typical out-of-band envelopes o f  the radio-frequency spectrum radiated by  a
television broadcasting satellite

Curves A: envelope for 100 per cent colour-bar baseband signal, modulator AC coupled 

B: envelope for line 330 insertion test signal, modulator AC coupled 

C : nominal channel bandwidth (27 MHz)

Note I. — For the left-hand scale, it is assumed that the e.i.r.p. o f the satellite corresponds 
to a power flux-density o f  —94 dB(W /m2) at the centre o f the beam for an unmodulated car
rier.

Note 2. — Minimum energy dispersal o f ±  7.9 kHz is assumed.

Note 3. -  Pre-emphasis according to Recommendation 405 is assumed.

A N N E X  3-1

DETAILED M ETHOD OF CALCULATING THE POWER FLUX-D ENSITY PRO DUC ED  
AT A GIVEN POINT ON THE SURFACE OF THE EARTH BY THE 

EM ISSION FROM A GEOSTATIONARY BRO ADCASTING  SATELLITE

R equired  data:

F or these calculations we require the following data :
— the position o f the broadcasting  satellite in the geostationary  orbit. This is determ ined fully if  the longitud inal 

position  o f  the satellite is know n;
-  the latitude and  longitude o f the po in t on the surface o f the E arth  at which the pow er flux-density is required  

to  be calculated;
— the available pow er at the inpu t to  the satellite an tenna. U sually, the transm itter ou tpu t pow er and  the feeder 

loss, etc., are specified;
-  the  gain o f the satellite an tenna in the direction o f the line jo in ing  the satellite to  the ground  station  and  

encom passing the half-pow er beam w idth.
N orm ally, the first three da ta  are readily available, bu t da ta  in respect o f  the fourth  requirem ent will have

to be evaluated from  other param eters.



Chapter 3 113

1. Calculation of power flux-density

The pow er flux-density, pfd, produced by the transm itter in the satellite, feeding a pow er o f  p  (W) at the 
input to the satellite an tenna  is given by:

P fd  = ip  - gSA) /4 n d SA2 (W /m 2)

where is the gain o f the satellite an tenna in the direction o f the po in t, A; dSA is the d istance (m) between the
satellite and the point, A.

The above equation could be re-written as:

p fd  -  [<j> ■ gSA) / 4rt<?ss2] ' (ds s / d SAf  (W /m 2)

where dss is the height o f the geostationary broadcasting  satellite above the sub-satellite point. Expressed in 
d B (W /m 2), the pow er flux-density, PFD, is given by:

PFD =  10 log p  + 10 log gSA -  10 log (4ndss2) -  20 log (dSA/ d s s )

For a geostationary  satellite, dss  is 35 870 km. The value o f the term  10 log (4n d ss2), is 162.1 dB, if  dss  is
expressed in metres.

The angle o f arrival can be determ ined from  Fig. 3-14 and  the additional range loss can then be 
ascertained from  Fig. 3-16. The value o f this varia tion  varies from  zero dB (at the sub-satellite po in t where the
angle o f arrival is 90°) to  about 1.3 dB (where the angle o f arrival is zero).

The variation  in range loss can then be ascertained by reference to Fig. 3-16 o f this Annex. The value o f 
the pow er flux-density ob ta ined  above is under conditions o f free-space propagation  and  the m ethod of 
calculation does not take account o f atm ospheric absorp tion , etc.

2. Calculation of the gain of the satellite antenna in the pertinent direction

The term  10 log gSA is the gain o f the satellite an tenna in the pertinen t direction. N orm ally , the gain o f the 
an tenna is specified in the direction o f m axim um  radiation. To determ ine gSA, the “off-axis angle” m ust be 
calculated.

The off-axis angle is the angle between the direction o f m axim um  rad ia tion  o f  the satellite an ten n a  and the 
d irection o f the line jo in ing  the satellite an tenna to the po in t on the surface o f the E arth  where the pow er 
flux-density is to be calculated. This param eter is m ost im portan t and  its evaluation  is fairly involved.

2.1 Calculation o f  off-axis angle 

Let
(pA : the latitude o f the po in t, A, on the surface o f the E arth  where the value o f pow er flux-density is

required;
\ A : the longitude o f the po in t, A, on the surface o f the E arth  where the pow er flux-density is required

to be calculated;
(pM : the latitude o f the po in t, M, on the surface o f the Earth , tow ards which the m axim um  rad ia tion  o f

the satellite an tenna is directed; 
k M : the longitude o f the point, M, on the surface o f the E arth , tow ards which the m axim um  rad ia tion

o f  the satellite an tenna is directed;
Xs : the longitudinal location  of the satellite in the geostationary  orbit;

the relative longitude.
By reference to  Fig. 3-14 o f this Annex we can obtain  the angles o f arrival (elevation). K now ing the angle 

o f elevation, we can obtain  the follow ing angles from  Fig. 3-17 o f this A nnex:
Angle o f tilt, TA : the angle between the directions jo in ing  the satellite to the point, A, and  the satellite to

the sub-satellite point.
Angle o f tilt, TM : the angle between the d irections jo in ing  the satellite to the po in t, M, and  tha t from  the

satellite to the sub-satellite point.
By reference to the set o f curves in Fig. 3-15 o f this A nnex, we obtain  the follow ing data :
A a : the azim uthal angle o f the point, A, as observed from  the sub-satellite po in t;
A m : the azim uthal angle o f the point, M, as observed from the sub-satellite point.
Now know ing, Ta * Tm, A a , and  A m, we can calculate the angle T a m -: the off-axis angle, between the lines 

jo in ing  the satellite to the points A and  M on the surface o f the E arth from  the follow ing equation:

cos Tam = cos Tm c o s  Ta +  sin TM sin TA cos (A a -  A M)

2.2 Evaluation o f  gSA

The latest C C IR  studies concerning the satellite transm itting  an ten n a  gain are sum m arized in C hap ter 2.
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F or ob tain ing azim uthal angle in degrees east o f  T rue N orth  at the sub-satellite po in t from  the values as 
read  from  these curves, proceed as follows:

fo r locations east o f the satellite in the northern  hem isphere: 

fo r locations west o f the satellite in the northern  hem isphere: 

fo r locations east o f  the satellite in the southern  hem isphere: 

fo r locations west o f  the satellite in the southern hem isphere:

no change,

subtract the angle from  360°, 

subtract the angle from  180°, 

add 180° to  the angle.

The factor, gSA, can be calculated by substituting the angle, Ta m * in place o f 0 , in the an tenna  patterns 
given in C hapter 2.

Angle of arrival (elevation)

Difference in longitude between the earth station and the sub-satellite point

FIGURE 3-14 -  Angle o f  arrival as a function o f  the difference in longitude between the sub-satellite point 
and earth station and the latitude o f  the earth station
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Azimuthal angle, A

FIGURE 3-15 -  Variation o f  latitude with relative longitude fo r different points on the surface o f  the Earth, 
fo r  various values o f  the azimuthal direction, A, as observed from  the sub-satellite point o f  a 

satellite in the geostationary-satellite orbit

Note. -  The azimuthal angle, A, as observed from the sub-satellite point is the angle subtended between true north 
and the azimuthal direction for sub-satellite points in the northern hemisphere. For the southern hemisphere, it is 
the angle subtended between true south and the azimuthal direction of the sub-satellite point.



116 Chapter 3

FIGURE 3-16 -  Variation in range loss as a function o f  the angle o f  arrival 
(elevation) o f  the satellite emission

Angle of elevation, a 

FIGURE 3-17 -  Angle o f  tilt, T, as a function o f  the angle o f  elevation, a
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2.3 M athem atical relations fo r  various curves described above

Figures 3-14 to 3-17 of this Annex are based on the follow ing m athem atical relations existing between 
various geographic/geom etrical param eters:

2.3.1 The great-circle distance (angle) y A between the sub-satellite po in t and  po in t, A, on the surface o f 
the Earth is given by:

cos \\iA =  cos <pA cos XRA

2.3.2 The angle o f arrival, a A, o f the geostationary  satellite em ission at po in t, A, is given by:

tan  a A =  (cos — 0.15127)/sin \\)A

2.3.3 The angle o f tilt, TA, i.e., the angle between the lines jo in ing  the geostationary  satellite to  the point,
A, and the sub-satellite po in t is given by:

Ta =  90° -  y A -  a A (degrees)

2.3.4 The azim uthal angle o f  the point, A, (A a ) as seen from  the sub-satellite po in t is given by:

tan  A a =  sin XRA / ta n  tpA

2.3.5 cos 0 =  cos Ta • cos Tm +  sin Ta ■ sin Tm • cos (A a — A m ) (where 0 is the off-axis angle)

A N N E X  3-II

EXAMPLES OF POWER FLUX-D ENSITY LIMITS REQ U IR ED  
TO PROTECT THE L A N D  MOBILE SERVICE AT ABO UT 800 MHz

For a single broadcasting  satellite in the visible orbit, the acceptable value o f  pow er flux-density produced 
on the surface o f the E arth  by the satellite is:

— to protect a high grade service:
— 133 dB (W /(m 2 • 16 kHz)) at the receiving an tenna o f the m obile station;
— 146 dB (W /(m 2 • 16 kHz)) at the receiving an tenna o f the base sta tion ;

— to protect a m inim um  grade service:
— 127 dB (W /(m 2 • 40 kHz)) at the receiving an tenna o f  the m obile station;
—134 dB (W /(m 2 • 40 kHz)) at the receiving an tenna  o f the base station.

These values are applicable only for the land  m obile service at abou t 800 M Hz.

The value o f —146 dB (W /(m 2 • 16 kHz)) is based on currently available in form ation  and  is, for exam ple,
necessary to protect a system operating  in the land m obile service at about 800 M H z having the follow ing
characteristics:

— channel spacing: 25 kH z;
— receiver bandw idth: 16 kH z;
— receiver noise Figure: 10 dB;
— im provem ent factor: 12 dB;
— an tenna gain: 15 dB;
— radio-frequency protection  ratio: 18 dB;
— polarization discrim ination: 3 dB.

For d ifferent or additional characteristics, the pow er flux-density m entioned will change accordingly. This 
value takes into account low elevation angles o f the broadcasting  satellite.

It should be noted  that if  several b roadcasting  satellites are in a visible orbit, the pow er flux-density 
produced by each satellite m ust be correspondingly lower than  that quoted above.

Before a general value o f protection to systems in the land m obile service can be developed, it w ould be 
desirable to ob ta in  m ore data on param eters o f systems in operation  or under developm ent from  other 
adm inistrations. F urther studies should therefore be undertaken  on receipt o f additional data.

At the present tim e it seems prem ature to judge whether sharing between the broadcasting-satellite service
and  the land m obile service is feasible at about 800 MHz.
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CHAPTER 4

SYSTEM  SYNTHESIS AND COST ESTIM ATION

1. Introduction

The purpose o f this C hapter is to provide the reader with a m ethod for synthesizing a broadcasting- 
satellite system for television, and a set o f techniques for estim ating the cost o f the various elem ents o f the system. 
The cost estim ating techniques and  cost data  provided in this C hapter are useful for p lann ing  purposes and  for 
system design trade-offs. However, because o f rapidly  changing technology and  costs, final system costing should 
be done using as up-to-date cost da ta  as possible, preferably direct quotations from  equipm ent m anufacturers.

A broadcasting-satellite system is m ade up  o f a space segment and  a g round segment.

The space segment consists o f one or m ore satellites. (In  an opera tional m ode, it is generally  deem ed 
necessary to keep at least two satellites in orbit at the sam e tim e and one spare satellite on the ground.) O ften, the 
earth-located satellite control facilities are also considered part o f the space segment.

The ground  segm ent consists o f a feeder-link station netw ork (feeder link station(s) and  rad io  links or 
cables between the station(s) and the program m e production  centres) and  receiving term inals for com m unity and, 
in certain cases, individual reception.

The two segments are connected via the feeder link (up link) between the feeder link station(s) and  the 
satellite(s) and  via the broadcasting  link (down link) between the satellite(s) and the receiving term inals.

The space segm ent cost includes developm ent and  m anufacturing costs for the satellite(s), launch costs, 
costs for the satellite control facilities (investm ent and  operating and  m ain tenance costs) and  insurance costs 
(optional). The ground  segm ent cost includes costs for the feeder-link station netw ork (investm ent, operating  and 
m aintenance costs) and  for the receiving term inals (equipm ent, installation  and  m ain tenance costs).

The two segments are econom ically dependent on each other in the follow ing way:

— if the dow n-link e.i.r.p. is decreased (increased) and  the dow n-link G / T  correspondingly  increased (decreased) 
the space segm ent cost decreases (increases) and  the ground segm ent cost increases (decreases);

— if  the feeder link e.i.r.p. is decreased (increased) and  the up-link  G / T  correspondingly  increased (decreased) 
the ground  segm ent cost decreases (increases) and  the space segm ent cost increases (decreases).

The costs for the satellite control facilities are not affected by such changes. F urtherm ore, altering the 
dow n-link param eters has much greater econom ic consequences for both  segments than  altering  the feeder-link 
param eters. Therefore only the First-mentioned case will be treated  in § 2 and  3.

Section 2 is a general discussion o f the syn thesis/costing  m ethodology while the detailed  step-by-step 
approach  is delineated in § 3.

In m aking perform ance and  cost trade-offs between the spacecraft and  ground segm ents, regulatory 
constrain ts and  financial situation m ust be kept in m ind. There are regulatory constra in ts on param eters such as 
pow er flux-density, an tenna side lobes, etc. These constrain ts are a function o f factors such as frequency and  
geographic region o f operation . Therefore, care m ust be taken in defining system technical requirem ents so as not 
to  violate regulatory constraints.

For the 12 G H z broadcasting-satellite service in Regions 1 and  3, see A ppendix  30 to  the R adio  R egula
tions.

W hen the whole system is to be financed from  the same source, the econom ically  optim um  set o f 
dow n-link param eters is that which implies the m inim um  system cost. However, if  this is not the case, the 
usefulness o f such an optim ization  may be questioned.

If, for exam ple, the space segm ent is to be purchased by the adm inistra tion  and  the receiving equipm ent is 
to be bought by the public on the consum er m arket, the optim ization procedure should involve m acro-econom ic 
considerations including assessm ent o f the consequences for the private consum ption, balance o f trade, etc.

It should, in this context, be rem em bered that m any countries especially in the th ird  w orld, have to 
purchase the whole or the m ain part o f the space system on the in ternational m arket, w hereas a great p art o f the 
ground  segment m ay often be provided for by the dom estic industry. C onsequently , for m any countries it may 
therefore be m ore advantageous to  “pu t m ore m oney” into the ground  segm ent than  is suggested from  the 
described trade-o ff analysis. A solution, which does not im ply m inim um  system cost, m ay thus very well be 
considered to be optim um  from  a m acro-econom ic po in t o f  view.
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2. Methodology for estimating cost of space segment and ground receivers

2.1 Overview

The system to which this synthesis and  costing m ethod applies consists o f a geostationary  satellite 
b roadcasting  frequency-m odulated television signals for com m unity or individual reception. Each television signal 
can be accom panied by one or m ore sound channels. The satellite can em ploy one o r several independent antenna 
beam s and  can have several television channels per beam . Each beam  can be shaped by the use o f several adjacent 
sm aller beams.

The system is assum ed to  have a large num ber o f receiving term inals. O ne o f the goals o f the system 
design, therefore, is to  keep the cost o f receiving term inals low. This m ust be done w ithout violating any 
regulatory constraints and  w ithout m aking unreasonable dem ands on the satellite.

The system Synthesis and  costing procedure includes the follow ing set o f  processes: requirem ent and  
constra in t definition, system design, detailed design and  costing. The procedure consists o f a series o f nine steps, 
each o f which is described in sub-sections o f § 3. A flow chart o f  the procedure, showing the steps and  their 
in teraction , is illustrated in Fig. 4-1.

A set o f inpu t param eters is needed to establish the system requirem ents. In p u t param eters and  their effects 
on  the system are treated  in § 2.2. The ou tpu t param eters are described in § 2.3.

G iven a set o f system technical requirem ents, system synthesis and the com putation  o f ground  and  space 
segm ent costs, proceed in a sequence o f nine steps as follows:

1. D eterm ine system carrier pow er to noise spectral pow er density  ratio C /N 0, at the receiver input as a 
function  o f signal quality  requirem ents, e.g. the video signal-to-noise ratio and  type o f television standard.

2. D eterm ine to tal path  loss, Lp, considering satellite earth  station  geom etry and  rain  loss factors.

3. U sing the results o f 1. and  2., calculate the system param eter X  which equals the required e.i.r.p. per channel 
plus the earth  station figure-of-m erit, G /T . Select a reasonable interim  value o f  G / T ,  thereby defining e.i.r.p. 
p e r channel.

4. F or the chosen G / T ,  determ ine the com bination  o f G (or earth  station  an tenna diam eter) and  T  (the system 
noise tem perature) th a t m inim izes the cost o f the ground  segm ent equipm ent w ithin any constrain ts such as 
m inim um  an tenna size.

5. D eterm ine the to tal ground  segm ent cost on the basis o f the required  num ber o f term inals.

6 . U sing the calculated value o f e.i.r.p. per channel and  o ther selected inputs, estim ate com m unication  
sub-system and  spacecraft power.

7. Estim ate com m unication sub-system and  spacecraft weight.

8 . Estim ate the cost o f the spacecraft.

9. D eterm ine the launch vehicle to  be used and  its cost.

A t this po in t it is possible, and  usually desirable, to  reiterate either through the entire procedure, selecting 
a different set o f inpu t param eters, or only th rough the design and  costing procedures, choosing a slightly 
d ifferent value o f  G / T  o r changing some spacecraft param eter. This allows the determ ination  o f  system cost 
sensitivity to  various system param eters, and  the synthesis o f a m inim um  cost system w ithin the existing 
constraints.

Various com puter program s are available (R eport 812) to  perform  some or all o f the above steps. It m ust 
be recognized, however, tha t technology and costs change rapidly , and  a com puter program  is only as up  to  date  
as its d a ta  base. Also, special circum stances, such as the availability  o f usable designs from  existing systems, can 
influence the cost trade-offs. F or this reason, an  in-depth  understand ing  o f the step-by-step process o f  accom 
plishing the system design and  costing is provided in § 3. The user can then evaluate existing com puter p rogram s, 
develop his own program s, o r use the graphical m ethod o f system synthesis and op tim ization  presented in § 3.

At a certain stage o f design o f the broadcasting-satellite system, it is necessary to  perform  a financial 
analysis which exam ines factors such as lifetime o f space and  ground  equipm ent, their costs, their reliability  and  
the trade-offs am ong these factors. Also the variation  in cost as a function  o f tim e m ust be considered.



Input O utput param eters
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T elevision  standard
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W eight =  F  (power) 
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A n nexes 4-II and 4-III

C ost -  F  (weight)* W"
Launch  

vehicle cost

FIGURE 4-1 -  System synthesis and costing procedure
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2.2 Input parameters

Useful guidelines in  the choice o f characteristics for a satellite television broadcasting  system are given in
A ppendix  30 to the R adio  R egulations and  R eports 811 and  215. The required inputs, w ith a b rief explanation  of
the effect o f each on the system, are listed below:

— Signal quality in term s o f peak-to-peak signal to  weighted r.m.s. noise ratio. This param eter defines the 
quality  o f the video signal. Picture quality ratings versus 5 7  AT can be found in  § 3 as well as in R eport 215. 
The m inim um  acceptable signal quality  should be chosen since this param eter directly affects satellite pow er 
and  ground term inal G/ T .

— Television standard. This is the particu lar standard  in use in  a given country. For exam ple, the 525-line 
system M is used in the U nited States o f  Am erica. The characteristics o f  o ther standards can be found in 
R eport 624.

— R F  bandwidth *. R F  bandw idth  is a com prom ise between spectrum  usage efficiency and  FM  im provem ent. In 
som e cases it is constrained by regulations. Suggested values o f bandw idth  for various television systems are 
given in R eport 215.

— N um ber o f  sound channels per video channel. This param eter has an  effect on signal bandw idth  and required 
C / N 0.

— Service area * is determ ined by the geographic location  o f  receiving earth  stations. E arth  station  location 
determ ines the rain  clim ate which is used in determ ining atm ospheric attenuation . E arth  station location in 
conjunction  with satellite longitude determ ines the elevation angle to the satellite. The receiving station w ith 
the m inim um  elevation angle has the greatest signal path  loss and  greatest system tem perature contributions 
from  an tenna side lobes looking at the ground. The receiving station  in the highest rainfall clim ate requires 
the highest link m argin (at 12 G H z) due to  rain-induced  atm ospheric attenuation  and  system tem perature 
increase.

— Satellite location *. Relative longitude o f the satellite w ith respect to  local service area determ ines the tim e o f 
earth  solar eclipse in tha t area.

— Required link availability*. This param eter determ ines the link  m argin which m ust be included in the system 
design in order to m ain ta in  the required signal quality  during periods o f rain . L ink m argin requirem ents can 
becom e very high at high values o f  link availability. A recom m ended goal is to  provide service during 99% of 
the w orst m onth  (A ppendix 30 to  the R adio Regulations). The relationship between w orst m onth  and  average 
year rain  statistics is clim ate dependent. Since average year rain  statistics are m ore readily  available they will 
be used in this C hapter.

— Total number o f  earth stations. This param eter affects g round  term inal cost (per unit) as well as to tal ground  
segm ent costs.

— Coverage area *, number o f  beams, and channels per beam. These param eters determ ine the weight o f the 
spacecraft an tenna and  the characteristics o f the com m unication  electronics.

2.3 Output parameters

The system synthesis and  cost evaluation procedure described in detail in § 3 provides the design
characteristics and  cost o f the receiving term inals and  satellite, including launch costs.

2.3.1 Receiving term inal characteristics

The noise figure o f the receiver and  the size o f the receiving an tenna are determ ined as a function  
o f the required G / T  and  rain  m argin.

2.3.2 Receiving term inal costs

The estim ated purchase costs o f the receivers and  antennas are determ ined as a function  o f  the 
num ber o f receiving term inals.

2.3.3 Satellite characteristics

The weight and  pow er o f the spacecraft are estim ated as a function  o f the required  e.i.r.p. and  
service area size. It is possible to do an in-depth  sub-system  by sub-system spacecraft design by follow ing 
the procedures o f Annexes 4-II and  4-III.

Bandwidth, service area, coverage area, satellite location, link availability etc., have been defined and specified at the 
W ARC-BS-77 for the 12 GHz broadcasting-satellite service in Regions 1 and 3 and at the RARC SAT-83 for Region 2. 
(See also Chapter 1 o f  this report, Appendix 30 to the Radio Regulations and the Final Acts o f  RARC SAT-83.)
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The non-recurren t (design) and recurrent (m anufacturing) costs o f the spacecraft are estim ated on 
the basis o f its weight. The required launch vehicle and  cost are also determ ined. D etailed spacecraft cost 
estim ations as a function o f different spacecraft param eters are possible using the procedures o f 
A nnex 4-IV.

2.3.4 Satellite cost

3. Detailed approach

The sub-sections o f this section correspond to  the steps described in the overview, § 2.1. F igure 4-1 can be 
used as a guide through the procedure. It shows the in terrelationships between the in p u t param eters, steps, design 
curves, and back-up m aterial.

The procedure is basically two level. The step-by-step procedure can be follow ed using sim plified design 
relationships to ob ta in  relatively quick answers, or the sam e procedure can be follow ed using m ore detailed design 
relationships provided in the Annexes to this C hapter. The latter app roach  allows the user to  m ake m ore in-depth  
design evaluations, especially in the spacecraft area.

A nnex 4-VI contains an  exam ple to illustrate the use o f the procedure.

Step 1

3.1 Required C /N 0

C arrier pow er to  noise spectral density, C / N 0, at the receiver is the fundam ental param eter th a t 
determ ines signal-to-noise ratio , S / N ,  in FM  systems. F or a video signal, S / N  is related  to  C / N 0 by the follow ing 
expression:

S / N  = C / N 0 + 10 log [3 /2  (A f f / f j ]  + k l v + k L dB (1)

where:

S / N :  ratio  o f peak-to-peak lum inance signal am plitude to weighted r.m.s. noise (dB),

A/ :  peak carrier deviation by the m odulating signal (Hz),

f m : highest m odulating  frequency (4.2 M H z in the case o f  system M),

k w : com bined de-em phasis and weighting im provem ent fac to r (13.8 dB for system M. See R eport 215
for o ther systems),

kL : conversion factor from  r.m.s. to peak-to-peak carrier deviation  ( 6  dB), and

C / N 0 : system carrier pow er to  noise spectral pow er density ratio  (dB • Hz).

The radio-frequency bandw idth , B, can be approxim ated  by C arso n ’s Rule, *

B  =  2 [A/  +  Fm] Hz (for video transm ission) (2)

The carrier-to-noise ratio , C / N ,  where C / N  =  ( C / N 0) (1 / B) ,  m ust also be greater than  FM  threshold , 
which is approxim ately  9 dB.

Figure 4-2 gives as an exam ple for the 525-line system M, plots o f constan t video S / N  versus R F  
bandw idth  and  C / N 0. Shown are plots o f video only and  video plus a sound  sub-carrier at 6 .8  M Hz. Sound 
sub-carrier m odulation  index is selected for sim ultaneous video and sound threshold . The add ition  o f  o ther sound 
sub-carriers below 6 .8  M H z will result in an R F  bandw idth  increase o f  approxim ately  1.5 M H z per sub-carrier.

R ecom m ended values o f R F  bandw idth  for various television systems are given in R eport 215. R equired  
video S / N  depends on subjective picture quality requirem ents. Table 4-1 gives an exam ple o f p icture quality  
rating  from  R eport 215.

Step 2

3.2 Calculation o f  pa th  loss

Lp, the total path  loss, is the sum o f two com ponents, the free-space path  loss L FS, and  rain  attenuation
L r -

Better post detection S / N  is achievable with “over-deviation” (in which the radio-frequency bandwidth is less than that 
determined by Carson’s Rule); however transmission impairments such as impulse noise, differential phase and gain could  
be a problem (see Report 215, § 2.5).
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TABLE 4-1 -  E x a m p le  o f  p ic tu re  q u a lity  ra ting

Grade 
(See N ote  7 

o f  Report 405)

Radio-frequency signal-to-noise 
ratio for the percentage o f  
viewers indicated (dB) (')

50% 75%

1.5 half-way between 
excellent and fine 39.5 42.5

2 fine 35.2 38.2

3 passable 30.0 33.0

4 marginal 25.6 28.6

5 inferior 20.4 23.4

(') Radio-frequency r.m .s. signal during sync, peaks, no weighting, 
over 6 M Hz bandwidth, am plitude-m odulation vestigial-sideband.

102 

100 

98 

96 

94 

92 

90 

88 

86 

84 

82 

80
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

RF bandwidth (MHz)

FIGURE 4-2 -  Required C /N 0 versus video S /N  and RF bandwidth (525 line system M)

"• : video only 
— —  : video + sound at 6.8 MHz 

Line A: bandwidth adopted at the WARC-BS-77 for 12 GHz BSS for Regions 1 and 3 
Limit B: FM threshold C /N  = 9 dB
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3.2.1 Calculation o f  free-space path loss 

L fs is given by the expression:

L fs =  20 log (X / A n D ) dB (3)

where:

D : distance from  satellite to receiving term inal, 

h  : wavelength in same units as D.

F or a geostationary satellite, D  is given by the follow ing expression:

D = 6385 ( ^ s in 2 0 +  42.7794 -  sin 0) km (4)

where:

0  : angle o f elevation to the satellite in degrees.

Angle o f elevation to  the satellite can be found from  the latitude o f  the ground  station  and  relative 
longitude o f the satellite by referring to Fig. 4-3.

Table 4-II gives D  and  L FS as a function  o f elevation angle to  the satellite.

TABLE 4-II -  Free-space path loss versus elevation angle to satellite

Elevation angle 
to satellite (0)

Distance
(km)

Lfs (dB)

2.6 GHz 12 GHz

90° 35 860 -  191.83 -205 .12OOO 35 945 -  191.85 -205.14
70° 36191 -  191.91 -205 .20
60° 36 597 -  192.01 -205 .29
50° 37 156 -  192.14 -205.43OOTt* 37 859 -  192.30 -205 .59
30° 38 691 -  192.49 -205.78
20° 39 635 -  192.70 -  206.00
10° 40 668 -  192.93 -206.21
0° 41 762 -193.16 -  206.44
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FIGURE 4-3 -  Angle o f  elevation to satellite as a function 
o f  latitude and relative longitude

A L: difference between the earth station 
longitude and the satellite longitude

3.2.2 Calculation o f  rain attenuation, L R

This com ponent o f to tal path  loss can be neglected at 2.6 G Hz, but has a significant im pact on link 
design at 12 G H z and  higher frequencies. The effect o f atm ospheric attenuation  due to rain  on link design 
is a function o f the geographic location o f the receiving term inals, location o f the satellite and  the desired 
level o f link reliability. The procedure for com puting rain  attenuation  for any geographic location is given 
in Annex 4-1. As an exam ple, values o f rain  attenuation  ( L R) are given in Table 4-III for six locations in 
the U nited States.

TABLE 4-III -  Examples o f  rain attenuation (LK) fo r  the United States

Location Rain
zone

Elevation 
angle 

(satellite 
at 95° W)

Attenuation (dB) not exceeded during given percentage 
of average year

12.5 GHz 17.5 GHz

99% 99.9 % 99.99 % 99% 99.9 % 99.99 %

Portland, ME B 33.5 -0 .1 -  1.0 -  5.1 -0 .3 -  2.3 -1 0 .8
Seattle, WA C 29.0 - 0 .2 -  1.4 -  6.9 - 0 .4 -  3.0 -  14.6
San Francisco, CA C 38.0 - 0 .4 -  1.6 -  7.3 -0 .8 -  3.5 -  15.4
Chicago, IL D2 41 -0 .3 -2 .5 -1 0 .2 -0 .7 -  5.5 -2 1 .4
Miami, FL E 56 - 1 .2 -7 .5 -2 1 .7 -2 .5 -1 5 .9 -4 4 .8
Los Angeles, CA F 43.5 0.0 - 1 .2 -  5.8 0.0 -  2.6 -  12.2
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C om puted attenuation  at 12 G H z for slant paths, at an angle o f elevation o f 45°, in the w orst 
m onth  for different locations in India, together with m easurem ents using a Sun track ing  rad iom eter, are 
sum m arized in Table 4-IV (see R eport 565).

TABLE 4 — IV -  Attenuation (measured and calculated) due to rain at 12 GHz for slant paths of 45° angle of elevation in the worst month
for different percentages of time and locations in tropical areas

Parameters

Rain attenuation (dB) not exceeded for the indicated 
percentage of time

1% 0.1 % 0.01%

Measured Calculated Measured Calculated Measured Calculated

50% of locations 1.6 2.02 8.5 8.02 15.7 12.2

90% of locations 4.3 4.81 11.6 9.99 >  18 >  13.4

Step 3

3.3 Calculation o f  e.i.r.p. plus G /T

The basic link equation  for carrier-to-noise ratio , C / N , where all term s are in dB, is:

C / N  = e.i.r.p. + Lp + G — kT B  (5)

or,

C — N  = e.i.r.p. + Lp + G — k  — T  — B  (5a)

Since N  = B  +  N0,

C — N0 =  e.i.r.p. + Lp + G — k — T  (5b)

This equation  can be rearranged as follows:

e.i.r.p. +  G / T  =  X  = C / N 0 -  Lp + k  (6 )

where:

C / N 0 : carrier pow er to noise spectral pow er density ratio (dB • Hz),

Lp : total path  loss (dB),

k  : B oltzm ann’s constan t ( — 228.6 d B (W /(H z • K))),

e.i.r.p. : sum o f transm itter pow er and  an tenna gain (dBW ),

G / T : receiving term inal figure o f m erit, i.e., an tenna gain d ivided by system tem perature (dB (K ~ ')),

B : signal bandw idth  (dB • Hz).
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The system param eter X  =  e.i.r.p. + G / T  therefore sets the com bined requirem ents on the satellite and 
receiving term inals.

As a check on the procedure up to this po in t, Table 4-V gives some typical values for X  for two values of 
S / N  at 2.6 G H z and  12 GHz. Lp is referred to the sub-satellite po in t, and  e.i.r.p. is specified in the direction o f the 
receiving term inal. N o rain attenuation  m argin is included.

TABLE 4-V -  Typical values fo r  X  = e.i.r.p. + G /T  

(System M video plus sound sub-carrier at 6.8 MHz)

Required satellite e.i.r.p. (dBW) + ground terminal 
G /T  (dB(K ~'))

Bandwidth
(MHz) 2.6 GHz 12 GHz

S /N  = 50 dB S /N  = 45 dB S /N  = 50 dB S /N  = 45 dB

22 60.2 55.2 73.5 68.5
27 55.2 50.2 68.5 63.5
32 52.2 (') 65.5 (')

(*) Not achievable, C /N  below threshold.

The system param eter X  = e.i.r.p. -f G / T  applies between the satellite and  every receiving term inal. In 
general, spacecraft an tenna gain will no t be uniform  tow ards every part o f the service area. This variation  will 
depend  on the shape o f the an tenna beam  with respect to the service area, and  will have to be com pensated for 
either by higher spacecraft e.i.r.p. o r by higher G / T  receiving term inals in some parts o f the service area.

For very large service areas, non-uniform  rain  clim ate m ay produce large differences o f rain  attenuation  
between regions. In such cases a decision will have to be m ade w hether to provide sufficient e.i.r.p. for the w orst 
region case or require higher values o f  G / T  in regions o f high rainfall. Also the gain o f the spacecraft an tenna 
could be designed to  com pensate in som e cases for variations in the rain  attenuation  over the service area.

The im plications o f the choice between higher e.i.r.p. versus higher G / T  for some term inals can be 
determ ined by w orking several times through the rem aining steps o f the procedure.

3.3.1 Selection o f  initial value o f  G /T  and e.i.r.p.

O ptim um  values o f G / T  and  e.i.r.p. will be found by w orking several tim es through the procedure. 
A lthough the initial value o f G / T  is arb itrary , a reasonable value should be selected in o rder to  avoid  
m any iterations through the costing process. A ppendix 30 to the R adio R egulations as well as p lann ing  
considerations contained in Reports 811 and 215 should be consulted for recom m ended values o f G / T .  
The availability o f specific ground  equipm ent designs m ay also influence the initial choice o f G / T .

From  R eport 811 the recom m ended values o f G / T  in the 12 G H z band  range from  4 dB to 12 dB 
for individual reception and  8  dB to 24 dB for com m unity reception. Since an tenna size is larger for the 
same G / T  at 2.6 G H z, som ew hat lower initial values o f G / T  should be used. N ote that the 2.6 G H z b an d  
is to be used only for com m unity reception systems.

The lower the G / T ,  the higher is the e.i.r.p. required. The im pact o f high e.i.r.p. on  spacecraft 
design will depend on the size o f the service area (the larger the service area, the higher the value o f 
receiving term inal G / T  which will produce an overall m inim um  cost design).
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H aving selected a value for G / T ,  the user m ust m ake sure th a t the resultant value o f  e.i.r.p. does 
no t lead to the violation  o f any pow er flux-density lim its given in the R adio  Regulations.

In  the case o f 12 G H z broadcasting-satellite systems in Regions 1 and  3, atten tion  should  be given 
to  the existence o f  the pow er flux-density lim itation  at the beam  edge (see A ppendix  30 to  the R adio  
Regulations).

Step 4

3.4 Receiving terminal design

The receiver noise figure and  an tenna size (gain) are determ ined on the basis o f the selected value o f G / T .  

The relationship  between these factors is given by the following expressions:

G/ T  = 10 log
aG.

aTa + ( l - a ) T 0 + ( n - l ) T 0
dB (K _1) (7)

therefore 

w here:

and

G a =  10G/lor
aTa + ( l - a ) T 0 + ( n - l ) T 0

(8 )

a : signal transm ission coefficient, expressed as a pow er ratio ,

Ga : effective gain o f the receiving an tenna, expressed as a pow er ratio ,

T0 : 290 K,

Ta : effective tem perature o f the an tenna, K, which is m ade up  o f contribu tions from  atm ospheric noise,
m an-m ade noise, an tenna side lobes pointing at the E arth , and attenuation  o f the signal by rain,

n : noise factor o f the receiver, where noise figure =  10  log (n)

T  =
aTa + (l — a ) T 0 +  (n—1) T0

K (9 )

where the an tenna tem perature Ta is given by:

Ta =  50 +  280 ( 1 - 1 / L )  

L  =  l o - ^ * 710)

(10)

( 11)

The expression for system noise tem perature T  is p lotted in Fig. 4-4 for the case w here the signal
transm ission coefficient (a)  is assum ed to be 1 (0 dB loss).

Representative values o f noise figure are given in Table 4-VI for various available receivers. T, the system
noise tem perature, can be determ ined from  Fig. 4-4 as a function o f noise figure and  rain a ttenuation , L R.

A ntenna diam eter, D,  can be related to  an tenna gain by the follow ing expression:

D =  p -  
V n  "

m ( 12)

where r| denotes the an tenna efficiency.

The an tenna d iam eter can also be determ ined for the required G / T ,  as a function o f the system noise
tem perature, from  Figs. 4-5 and  4-6 for 2.6 G H z and 12 G H z respectively.

The cost o f the ground  segm ent for a particu lar receiver and  an tenna is estim ated in § 3.5. The system 
p lanner should choose tha t com bination  o f  param eters that minim izes cost for a given value o f G / T .  In  m aking 
these evaluations, if  the an tenna is too  small to  m eet m inim um  beam w idth requirem ents o r some other criteria, 
then G / T  can be raised until the an tenna is the p roper size, and e.i.r.p. can be correspondingly  lowered.

If  the an tenna size appears too  large, either e.i.r.p. must be raised o r system noise tem perature m ust be
low ered through the use o f a lower noise figure receiver.

The cost o f raising e.i.r.p. can be found  by iterating through the spacecraft costing procedure, steps 6  to  8 

inclusive.
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Receiver noise figure (dB)

FIG U R E 4 - 4  -  System  noise tem perature as a function o f  noise figure  
and rain attenuation L R

(Assumed antenna noise temperature: 50 K)

Step 5

3.5 Ground segment costing

This step gives the procedure for costing the receiving term inals. Receiving term inal cost is m ade up  o f 
receiver and an tenna costs. Single unit receiver and an tenna costs are established, then large quantity  costs are 
projected by m eans o f learning curves.

A generalized block diagram  o f a television receive-only (TVRO) earth  term inal is shown in Fig. 4-7. The 
two m ain  com ponents o f the term inal are the receiving an tenna (including m ount) and the receiver. An AM-VSB 
m odula to r is used to m odulate the recovered video and sound from  the receiver for input to a standard  television 
set. The cost o f the m odulator is generally low com pared to the cost o f the receiver. If  the receiving an tenna is to 
be placed outdoors, the receiver m ay be physically divided into an indoor un it and  an an tenna-m ounted  o u tdoo r 
unit.
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FIG U R E  4-5 -  Antenna diameter versus system noise temperature 
and G /T  (dB (K ~')) at 2.6 GHz

The cost o f the receiving term inal will depend upon perform ance-related  param eters such as an tenna size 
and  receiver noise figure, as well as equipm ent quality. E quipm ent installation  costs may also be significant, 
especially when large antennas are used.

The one factor tha t m ust be strongly em phasized is that earth term inal technology is currently  in a very 
dynam ic growth phase. In the U nited States, for exam ple, this is especially true in the 3.7 to 4.2 G H z 
fixed-satellite service where the cost o f a TVRO earth station has d ropped  by over a factor o f ten during recent 
years. Because o f the rap id  pace o f equipm ent innovation  and cost change in this frequency band , m uch up  to 
date detail does not exist in published form  except in advertising brochures. However, Taylor [1980] and  Cuccia 
[1980] contain good discussions o f recent trends and  projections o f future technology and  cost. W hat has occurred 
at 4 G H z can provide som e insight in to  w hat can be expected in other frequency bands, as dem and for equipm ent 
grows. Background m aterial on the 4 G H z band  earth  term inals is provided after the costing disqussion.
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FIGURE 4-6 -  Antenna diameter versus system noise temperature 
and G /T  (dB (K ~')) at 12 GHz

3.5.1 Receiver costs (see also R eport 473)

The function o f the receiver in a TVRO term inal is to  dem odulate a frequency-m odulated television 
signal. Since the receiver is the m ajor contribu tor to the overall receiving system tem perature, one o f  its 
m ost critical param eters is its noise figure (N F) which depends m ainly on the type o f inpu t circuitry used. 
The input circuit is usually either the first dow n converter (or mixer), o r an  R F  am plifier if  the m ixer does 
no t provide a sufficiently low noise figure. G allium -A rsenide (GaAs) FETs are usually used as low noise 
R F  am plifiers (LNAs) where low noise figures are required a t reasonable cost. O ther types o f low noise 
R F  am plifiers such as param etric  am plifiers are considerably m ore expensive.
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Antenna - Outdoor .

Receiver

—►H— -Indoor.

RF amplifier Second ---------------------------► Video
(LNA) and --------► down-converter I
first down- lG H z I F and demodulator
converter -----1 ^  Sound

_ l

AM-VSB
remodulator

to television set 
or monitor

-► to television set

FIGURE 4-7 — Television receive-only terminal block diagram

C onsiderable receiver developm ent has taken place in  the 4 G H z band , w ith equipm ent being 
available from  m any m anufacturers. M uch less equipm ent is available for the 2.6 G H z and  12 G H z bands. 
D ata  for 4 G H z receivers is included because it can provide valuable insight in to  w hat will happen  to 
receiver technology and  costs in the 2.6 G H z and  12 G H z bands.

At 12 G H z, current G aA s FET  technology is such tha t the lowest L N A  tem perature available at a 
reasonable price is around  360 K. However, this is expected to  decrease to  the 100 K  to 200 K  range in 
the near future. There is an  im age enhanced m ixer input receiver available whose noise tem perature is o f 
the same order, i.e. 360 K. Use o f an LN A  at 12 G H z is therefore no t cost effective at present.

At 2.6 G H z, approxim ately  290 K  noise tem perature can be achieved w ith inexpensive b ipo la r 
transisto r technology. To go to  100 K  requires a G aA s FET LNA. C om plete 2.6 G H z satellite receivers are 
no t com m ercially available in the U nited States, however there is 2 G H z equipm ent available for use in 
terrestrial systems which use am plitude m odulation. Since fron t end technology is well developed and  the 
rest can be borrow ed from  4 G H z TVRO receivers, the cost o f  2.6 G H z receivers should be sim ilar to , or 
som ew hat lower than , 4 G H z receivers, once they are produced  in quantity  (see § 3.5.4).

A sum m ary o f LN A  and  receiver costs at 2.6 G H z and  12 G H z is presented  in Table 4-VI.

3.5.2 Antenna costs

C urrent, single un it an tenna costs at 2.1 G H z (m ore com m only available than  for 2.6 G H z) and 
12 G H z are p lotted  versus diam eter in Fig. 4-8. N ote that there is a w ide range o f costs for a given 
diam eter because o f differing specifications (standard  versus high perform ance). These specifications d iffer 
m ostly in side-lobe levels and  fron t to  back ratios. N ote th a t for these antennas cost is practically  
independent o f frequency.

3.5.3 Large quantity component costs

The quantities o f interest to  the system p lanner are o f the order o f  hundreds to m illions depending 
on whether a com m unity or individual reception netw ork is contem plated . G iven the dynam ic state o f the 
technology, prediction o f large quantity  costs is difficult. The techniques in general use for predicting  
quantity  costs are presented below. The user has to use some judgem ent in applying these techniques.
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TABLE 4-VI -  Receiver cost summary fo r  small quantities (mid-1980 data)

Unit cost 
(US $)

Noise figure (') 
(dB)

2.6 GHz

LNA (Low noise amplifier) 1000-1500 1.4
LNA 50 3
Receiver 500-1000

12 GHz

Image-enhanced mixer-input receiver 3000 3.5
LNA 3400 3.6

(') Receiver noise figure = 10 log (1+ 7^/290), where TR(K) is the noise temperature at the receiver input.

Estim ated factory costs for an tennas, receivers and  ground  term inals are given in R eport 473, § 9 
for quantities up  to 1 m illion units. These costs are based on a substantial use o f in tegrated circuitry in 
advanced production  techniques.

3.5.3.1 Learning curves

A standard  technique for predicting cost versus quantity  is the technique o f learning curves 
[C unningham , 1980]. Learning curves assum e that cost goes dow n by a given percentage learning factor 
each tim e the cum ulative un it volum e doubles. These curves also assume constant currency value.

Learning curves o f 70% to 90% (learning factor L o f 0.7 to  0.9) are plotted in Fig. 4-9. The single 
un it cost is m ultiplied by the relative cost factor Q ( N ) for the desired quantity  N. The learning curve 
percentage to be applied to  any given com ponent is a difficult param eter to select. C uccia [1980] and  
C unningham  [1980] give exam ples o f historically derived percentages for various technologies. N ot enough 
historical data exists for the com ponents o f  a ground  term inal, but some judgem ents can be m ade on the 
basis o f technological com plexity.

3.5.3.2 Cautionary factors

The cost o f a given ground  term inal com ponent includes both parts and  labour costs. The cost o f 
electronic parts tends to go dow n with im provem ents in m anufacturing techniques, while labour costs rise 
with time. Cost projections are therefore tim e as well as quantity  dependent.

Besides all other considerations, there is also the possibility o f technological and  innovative 
breakthrough, such as new approaches in an tenna construction , which can drastically change costs in a 
short period o f time.

3.5.3.3 Antenna costs

Since an tennas are relatively sim ple structures, the user should apply a 90% learning curve 
(L  =  0.9) in projecting high volum e costs. It should be rem em bered that even for small size an tennas, a 
price range o f two to  one or m ore m ay exist depending on such factors as sturdiness, tolerances, etc.

3.5.3.4 Low noise amplifier (LNA)  costs

Low noise am plifier costs are currently  high because o f high G aA s FET prices. This is an area 
where a great deal o f effort is being spent to bring costs down. The user should use abou t an 80% learning 
curve in predicting cost.
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FIGURE 4-9 -  Learning curves 

(Learning factor L of 0.7 to 0.9) 
Q(N) = L lo®2 N

3.5.3.5 Receiver costs

Receiver costs will decrease because o f  increasing standard ization  o f circuitry and  use o f integrated 
circuits. A bout an  85% learning curve is app rop ria te  in p lann ing  receiver costs. Eventually, low noise R F  
am plifiers will be incorporated  in to  the receiver, obviating the need for an external LNA. This should 
allow  a 1 0 % to 2 0 % saving over the cost o f separate units.

3.5.3 .6  Cost example

The follow ing two tables illustrate large quantity  earth  term inal cost estim ation using the learning 
curves and  average receiver and  an tenna costs from  Table 4-VI and Fig. 4-8.

TABLE 4-VIIa -  Estimated costs fo r  a 12 GHz ground terminal design

Quantity
Antenna cost ($)(')

(D = 1 m, G = 39.5 dB) 
90 ®7o learning curve

Receiver cost ($) 
(noise figure = 3.5 dB) 

85 % learning curve
Total terminal 

unit cost ($)

1 750 3000 3 750
100 375 1 020 1 395

1 000 262 600 862
10 000 188 345 533

100 000 127 198 325

(') Standard performance.
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TABLE 4-VIIb -  Estimated costs fo r  a 2.6 GHz ground terminal design

Quantity
Antenna cost ($)

(D = 2 m, G = 32 dB)
Receiver cost ($) 

(noise figure = 3 dB)
Total terminal 

unit cost ($)

1 2 000 750 2 750
100 1 000 255 1 255

1 000 700 150 850
10 000 500 86 586

100 000 340 50 390

3.5.4 Background o f  recent 4 GHz technology

3.5.4.1 Antennas

Low values o f operational satellite e.i.r.p. in  the 4 G H z band  require tha t an tennas o f at least 3 m 
in d iam eter be used together w ith LNAs in the 100 K  to 120 K  tem perature range. U ntil recently, dem and 
for earth  term inals was low and  there was a sm all num ber o f  m anufacturers producing  high quality, solid 
reflector antennas. This type and  size o f an tenna requires a strong m oun t which b rought the price o f 
antennas plus m ount into the $10 000 to  $20 000 range. A significant con tribu to r to  cost fo r this type o f 
an tenna was the difficulty o f  shipping such a  bulky object.

As the dem and for low er cost term inals grew, alternative designs appeared  on  the m arket. As a 
solu tion  to the shipping problem , there are now  several an tenna types whose reflector can be broken dow n 
in to  several sections. O thers are available in even m ore basic kit form.

A n exam ple o f a un ique approach  is an inverted um brella type o f  erectable an tenna  which uses a 
m etallized m ylar reflector surface and weighs less than  10 kg. The d isadvantage o f this approach  is tha t it 
canno t be rigidly m ounted to  w ithstand m uch wind.

A nother solution to  the transpo rta tion  and  m ounting problem  is the use o f low cost spherical 
antennas. These an tennas are generally bu ilt using a flexible grid o f m etal o r w ooden strips covered w ith 
m etal mesh. A djustm ent screws are provided at m any points on  the surface. Being spherical, the surface is 
adjusted at the site using a piece o f string equal to  the radius o f curvature. These an tennas usually em ploy 
an F /D  (F :  focal length (m) and  D : an tenna  diam eter (m)) ratio  o f aro u n d  1.5 in  o rder to  approxim ate 
the surface o f a parabola. W hile the approx im ation  is no t perfect and  results in som e gain penalty , the 
large F /D  ratio  allows a fairly wide scanning range. A ntenna position ing  is no t critical since the focal 
po in t can move up  to  2 0 ° away from  the perpendicu lar to  the centre o f the reflector.

A lthough there is p robably  some perform ance loss as well as side-lobe increase in the less
expensive antennas, the perform ance loss can be easily m ade up  by a slight increase in diam eter.

Innovations in the an tenna area have resulted in a price range o f from  below $500 to  over $10 000 
for essentially the sam e am ount o f gain. The interesting thing is that all these an tennas have their own 
market.

M ost o f the techniques developed a t 4 G H z will be applicable at 2.6 G H z and  prices should be
sim ilar. At 12 G H z, however, where surface tolerance requirem ents are m ore severe an d  sm aller antennas
will be required, the m ain candidates will m ost likely be solid surface parabo lic  with prim e focus, o r offset 
fed reflectors in low side-lobe applications. This will keep the price range sm aller and  prices higher 
because some o f the low cost techniques discussed are no t as applicab le for high surface tolerance 
antennas.
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As discussed in the an tenna section, US 4 G H z satellite reception requires an LNA o f 100 K to 
120 K  with a 3 m an tenna. The 120 K  LNA has developed into an industry standard  and is available for 
under $1000. LNAs are also available at 80 K  and  100 K tem peratures bu t current GaAs FET  yields and 
required alignm ent procedures substantially  raise the cost o f LNAs which have tem peratures below  120 K.

Industry  consensus is tha t LNA prices have tem porarily  reached a “p la teau” because o f G aAs FET
prices and  such labour intensive activities as alignm ent and m achining o f the housing. Im proved yields in 
GaAs FET m anufacturing are needed to  produce a price breakthrough in LNAs. A nother cost saving 
approach  is to com bine the LNA  and  First dow n converter into one package, to be m ounted at the
antenna. Such a un it will soon be available as a standard  com ponent.

D em and for television receive-only (TVRO) term inals has had a sim ilar effect on receiver costs as 
in the area o f antennas. There has been a general price reduction , although the m arket is still supporting a 
wide range o f prices. Established m anufacturers are selling industrial standard  receivers to the cable TV 
industry in the $2000 to $3000 price range, while m ostly new m anufacturers have com e up with less 
expensive receivers below $ 1 0 0 0 .

3.5.4.2 Receivers

Step 6

3.6 Communication sub-system and  spacecraft power

W hile m any factors influence spacecraft weight and cost, spacecraft prim e pow er has historically been 
show n to have the greatest effect. B roadcasting satellites are generally pow er lim ited. Presently this lim itation is 
a round  2 kW  for a 1000 kg satellite and  is expected to  be in the 3-5 kW  range with near term  advanced solar 
panel technology for this satellite weight class [Cuccia, 1980]. The accurate estim ation o f spacecraft pow er is 
therefore very im portant.

Since the com m unications pay load is the prim ary pow er consum er it is the key to spacecraft pow er 
estim ation. In this step, com m unication sub-system R F  pow er is first estim ated, then spacecraft pow er is estim ated 
from  com m unication sub-system R F  power.

3.6.1 Communication sub-system R F  power

Given some value o f required e.i.r.p.*, R F  pow er will depend on the size o f the service area and 
num ber o f channels. Service area size determ ines the an tenna beam w idth and  gain that can be used. In 
order to cover the service area efficiently a shaped beam  m ay be em ployed. The beam  shape may range 
from  elliptical to a com plex shape which can be form ed from  a set o f adjacen t sm aller beam s. The pow er 
savings which result from  using m any small beam s to cover a com plex service area are illustrated in 
Table 4-VIII.

A set o f w orld m aps is provided in A nnex 4-V for service area coverage p lanning  *. C ircular 
beam s, as well as o ther shapes, project w ithout d istortion  on these maps.

G iven the required e.i.r.p. and  beam w idth, it is possible to com pute the required R F  pow er per 
beam  by subtracting an tenna gain from  and  adding circuit losses to e.i.r.p. The relationship  between 
an tenna gain in dB and  beam w idth for an elliptical beam  is given by:

G =  10 log [27 0 0 0 /^  • B] (13)

where A and  B  are the — 3 dB beam w idths along the m ajor and  m inor axes o f  the ellipse in degrees. F or a 
circular beam  this expression reduces to:

G =  10 log [27OOO/02] (14)

where 0 is the — 3 dB beam w idth in degrees.

C ircuit losses are typically around  1.5 dB but can vary up to ±  0.5 dB or m ore around  this value 
depending on the am ount o f switching and  cable or w aveguide lengths in the transm ission circuitry.

In the case o f 12 GHz broadcasting satellites in Regions 1 and 3, consult Appendix 30 to the Radio Regulations.



Chapter 4 139

Required R F  pow er (P0)» sum m ed over all the beam s is then given by the follow ing expression:

P 0 (dBW) =  £  [e.i.r.p.i (dBW) -  G, (dB) +  L ci (dB) +  10 log M ,] (15)
; = l

w here:
M t : num ber o f television channels in each beam ,
G ;: an tenna gain for each beam , and
L ci: transm itter circuit losses for each beam.
N ote tha t spacecraft an tenna gain will in general no t be uniform  in the direction o f every part o f 

the service area. This m ust be taken into account in the com putation  o f the R F  power.

3.6.2 Total spacecraft power

Given com m unications sub-system transm itter ou tpu t (R F) pow er the follow ing rela tionsh ip  from  
A nnex 4-II can be used to estim ate spacecraft power:

_  „ , _  T R F P / P A E F F  +  220 +  K  +  50 • N
BOL Power = 1.05 x ----------------------------------------- 5------------  W (16)

(E O L/B O L ) cos 23.5

where:
B O L  : beginning o f life
E O L  : end o f life; and  E O L /B O L  is norm ally 0.75 (seven year life)
T R F P : to tal R F  pow er (W)
PAEFF-. pow er am plifier efficiency
K  : 0.2 ( TRFP — 200) when TRFP  >  200 W, zero otherw ise
N : num ber o f batteries (see A nnex 4-II).
This relationship  is plotted in Fig. 4-10 for two values o f pow er am plifier efficiency (2 batteries 

assumed).

TABLE 4-VIII -  RF power versus number o f  composite circular beams

Spacecraft antenna
Power required 

per beam (dBW)

Approximate number 
of beams required 
for US coverage

Amount of TWTA power required 
for full US coverage (dBW)

Gain
(dB)

3 dB
beamwidth

(degrees)
e.i.r.p. 60 dBW e.i.r.p. 55 dBW 7.83 x 106 km2 area e.i.r.p. 60 dBW e.i.r.p. 55 dBW

36 2.5 24 19 6 1507 477
38 2.0 22 17 8 1268 401
41 1.5 19 14 13 1032 326
42 1.25 18 13 16 1009 319
44 1 16 11 25 995 315
44.8 0.9 15.2 . 10.2 30 993 314
45.7 0.8 14.3 9.3 35 942 298
47 0.7 13 8 42 840 265
48.4 0.6 .11.6 6.6 53 768 242
49.9 0.5 10.1 5.1 77 770 249
51.8 0.4 8.2 3.2 100 660 208
53 0.35 7 2 120 600 190

Step 7

3.7 Spacecraft weight

Spacecraft weight has historically been found to be the key param eter in estim ating spacecraft cost. A 
param etric model for estim ating spacecraft weight is presented in A nnex 4-II. This m odel, based on [M elachrino 
and  Baker, 1980], derives the weights o f the spacecraft and its constituent sub-system s using com m unication  
sub-system weight and  pow er as inputs. A procedure for estim ating com m unication sub-system weight and pow er 
is given in A nnex 4-III.
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RF power (W)

FIGURE 4-10 -  Spacecraft power versus RF power

Power amplifier efficiency:

Curves A: 33%
B: 40%

3.7.1 Techniques fo r  simplified weight estimation

In  some cases the user m ay wish to  m ake an  estim ate o f spacecraft weight w ithout w orking through 
a detailed procedure. A param eter tha t is som etim es used for such an estim ate is spacecraft prim e pow er. 
However, the user should realize that the accuracy o f this sim plified approach  is lim ited since factors such 
as payload  com plexity which also im pact weight are no t fully taken into account.

N evertheless, an initial estim ate o f spacecraft weight can be derived for b roadcasting  satellites from  
the data p lo tted  in Fig. 4-11. The data points are representative o f published paper designs and  po in ts 
derived by w orking th rough the procedure o f A nnex 4-II. Very little actual design data, except for BSE, is 
available since so few broadcasting  satellites have been built to  date.

The published spacecraft design characteristics used in Fig. 4-11 are listed in Table 4-IX , while the 
characteristics derived from  A nnex II are listed in Table 4-X. The two param eters varied in generating the 
la tter data  points are R F  pow er and percentage earth  solar eclipse protection . The entire range o f 0 to  
100% eclipse pro tection  is show n fo r each po in t design. The weight estim ation m odel o f A nnex 4-II uses a 
battery o f 23 kg for each increm ent o f 1000 W required  during eclipse. F or the low R F  pow er designs, one 
such battery is sufficient to supply all housekeeping needs and  give 100% eclipse protection. F or the h igher 
R F  pow er spacecraft, a num ber o f batteries are needed and  the effect o f this on spacecraft weight is 
evident.
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A line curve fit o f the form  ApB, where p  is the spacecraft beginning o f life p rim e pow er in 
kilowatts, can be draw n through  the data points as shown in Fig. 4-11. This curve can then be used to 
estim ate spacecraft weight.

TABLE 4-IX -  Published BSS spacecraft designs

Spacecraft
RF power 

(W)

Communications
sub-system

weight
(kg)

BOL power 
(W)

RF power 
eclipse 

protection 
(%)

Spacecraft
weight

(kg)

FACC l(') 400 136 1956 100 623
FACC 2(2) 600 182 2732 100 776
FACC 3(') 1000 273 4360 50 1066
TRW 1 (2) 600 128 2656 0 643
TRW 2(2) 950 299 4330 25 1179
TRW 3(2) 2000 384 8300 25 1539
BSE 200 65 1000 — 350
TV-SAT/TDF-1 780 167 3400 — 1060

(*) See Report 812. Weight includes some residual liquid ascent stage hardware.

(2) See [Cohen, 1981], Published EOL power converted to BOL power by factor of 1.33.

TABLE 4-X -  Spacecraft designs using Annex 4-II*

Case RF power 
(W)

Communications
sub-system

weight
(kg)

Beginning of 
life (BOL) 

power 
(W)

r  . . . . . . .

Maximum RF 
communications 

power eclipse 
protection 

(%)

No. of 
batteries

Spacecraft
weight

(kg)

1 200 65 1180 100 1 338
2A 400 136 1956 50 1 500
2B 400 136 2028 100 2 548
3A 600 182 2733 25 1 611
3B 600 182 2805 100 2 659
4A 1000 273 4286 0 1 845
4B 1000 273 4358 50 2 893
4C 1000 273 4430 100 3 941
5A 2000 384 8170 0 1 1175
5B 2000 384 8242 25 2 1224
5C 2000 384 8386 50 4 1320
5D 2000 384 8458 75 5 1369
5E 2000 384 8530 100 6 1417

* Design assumptions:
Total A v required:
Fuel specific impulse (Isp):
Pitch axis accuracy:
Communications power (other than PA): 
Power amplifier efficiency:
Solar array:
Battery:
RF power:
Eclipse protection:

500 m/s 
220 s 
0.05°
50 W 
40%
60 W/kg
66 Wh/kg, 80 % DOD (23 kg/battery) 
design variable
design variable -  0, 25, 50, 75, 100%
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FIGURE 4-11 -  Spacecraft in-orbit weight versus prime power

A BSE

V TV SAT/TDF-1 

□  TRW 

O  FACC 

O Annex 4-II
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Step 8

3.8 Satellite cost

The m ost direct m ethod o f satellite cost estim ation is to define the requirem ents o f each sub-system , then 
estim ate sub-system developm ent and  m anufacturing costs and  add  the costs o f  system engineering, spacecraft 
integration , m anagem ent and profit.

Unless the system designer is part o f a satellite m anufacturing organization , this type o f approach  is no t 
practical, nor is it in m ost cases necessary during early system phases. For this reason several cost estim ating 
approaches have been developed which yield various degrees o f insight into spacecraft cost and  its sensitivity to 
certain  spacecraft param eters. Two o f these m ethods will be described in order o f increasing com plexity. Since the 
sim pler model canno t handle subtle design variations, the user will have to m ake a decision as to w hich m ethod 
suits his requirem ents.

The first m ethod uses the Defense C om m unications Agency (D C A ) cost estim ation m odel based on to ta l 
spacecraft weight. The second m ethod uses the Ford  A erospace and C om m unications C orporation  (FA C C ) cost 
m odel which requires spacecraft sub-system weights as an input.

3.8.1 The DCA cost m odel

In 1978, an algorithm  was generated for the estim ation o f the costs o f  com m unication  satellites by 
D CA  [1978]. This algorithm , based on satellite weight, is p lo tted  for bo th  recurren t and  non-recurren t costs 
in Fig. 4-12 and  includes the know n costs o f m any m edium  satellites, show ing the excellent correlation  
involved. These costs are based on the follow ing equations where CN and  CR are the non-recurren t and  
recurrent costs respectively and  W  is the satellite weight in kilogram s. The non-recurren t cost includes 
developm ent cost o f a protom odel spacecraft.

CN =  4.145 x 104 W u s  (17)

CR =  6.40 x 104 IF 093 (18)

These curves were developed by Professor D avid Staelin and  Dr. R. H arvey [M IT, 1979].

3.8.2 The FACC cost m odel

One of the m ost detailed models to estim ate satellite costs was th a t developed by the US Air Force 
several years ago [SAMSO, 1978]. Its use requires a know ledge o f the weights o f the sub-system s, p rim ary 
pow ers and a variety o f other characteristics.

In 1978-1980, M. Baker, Jr. and S. M elachrino o f Ford  A erospace C om m unications C orpo ration  
devised a com puter program  for estim ating spacecraft weight and  cost based on a m odified version o f the 
SAM SO spacecraft cost model. This com puter program  has been designed to  provide systems engineers 
with a tool to estim ate spacecraft sizes and  costs, and  to determ ine the effect o f increasing or decreasing 
com m unications capability on spacecraft size and  cost when perform ing system level defin ition  and  
trade-offs. The model is lim ited to 3-axis stabilized spacecraft.

In this m odel, the estim ates o f spacecraft sub-system weights and  pow er are rearranged  to fit the 
SAM SO cost estim ating relationship  (C ER ) param eters. Basic cost estim ates at the sub-system level are 
generated using an FA C C-m odified version o f the SAM SO C E R  [Fong et al., 1977; R ohw er et al., 1975]. 
W eighted com plexity factors are then generated and applied to the basic estim ates to arrive at the cost 
estim ates for the spacecraft. Both non-recurren t costs and recurrent (first unit) costs are determ ined 
including m anagem ent and  support, pro to type refurbishm ent (where required). Profit and on-orb it incen
tive costs are included.

This program  includes a flow chart and is described in detail in Annexes 4-II and  4-IV on a 
sub-system-by-sub-system basis. Annex 4-II explains the weight m odel and  outlines the m ethod for 
estim ating the overall spacecraft weight and  the weights o f the constituen t sub-systems. A nnex 4-IV 
explains the cost model for which the inputs are, in part, weights o f the spacecraft sub-system s as derived 
in A nnex 4-11.

Step 9

3.9 Launch vehicle cost

3.9.1 Background

Placing a spacecraft into geostationary orbit involves three steps. The first step is to launch the 
spacecraft into a low earth orbit o f about 100-160 nautical miles altitude. This step is accom plished by 
either using expendable rockets o r the space transporta tion  system (STS). The second step is to go from  the 
low earth  orbit to a synchronous transfer orbit. This task is accom plished by using a perigee kick
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FIGURE 4-12 -  Spacecraft cost versus weight

CN = 4.145 x 104 W/115 
CR = 6.40 x 104
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m otor (PKM ). This synchronous transfer o rb it has approxim ately  the sam e apogee as the final geosta
tionary  orbit (about 36 000 km altitude) bu t is inclined w ith respect to  the equatorial p lane at an 
inclination  angle o f  transfer orbit, about 27°, for exam ple, when the satellite is launched  from  the Eastern  
Test Range o f the USA. The final step in the jou rney  is to  m ove the spacecraft from  the transfer orbit to 
the synchronous equatorial orbit. F or this an  apogee kick m otor (AK M ) is used. F rom  this discussion it is 
clear tha t the spacecraft, the PK M , and A K M  com prise the to ta l pay load  fo r the vehicle leaving the E arth  
for the low earth  orbit. The spacecraft plus the apogee kick m otor are the payload  for the perigee kick 
m otor, and  finally the spacecraft is the pay load  for the apogee kick m otor. The to ta l launch cost should  
include the cost o f  the launch vehicle to  the low earth  orbit as well as the cost o f  the apogee and  perigee 
kick m otors.

3.9.2 Costs o f  expendable vehicles (excluding A K M  and related costs)

On M ay 30, 1980, an STS Users Conference was held at Cape K ennedy by N A SA  at which the 
new costs of the two D elta vehicles and  the A tla s/C en tau r were disclosed (see Table 4-XIa).

TABLE 4-XIa -  Expendable US launch vehicles (1984 launch)

Item Delta 3910 Delta 3920 Atlas/Centaur

Launch vehicle $27.4 M(>) $32.4 M $58 M

Upgrade charge $ 1.25 M $ 1.25 M
PAM-D including optional services $ 4.0 M $ 4.0 M

Total cost $32.65 M $37.65 M $58 M

Payload weight into synchronous transfer orbit (2) 1090 kg 1250 kg 2300 kg

Cost/kg into transfer orbit (inclination 21°) $30 000 $30 120 $25 200

(!) M: million.
(2) Weight in geostationary orbit is about one-half of these values.

TABLE 4-Xlb -  Information on the Ariane launch vehicle

Item Ariane 1 Ariane 2 Ariane 3 Ariane 4

Mass in transfer orbit (inclination 8° 5')

Mass in geostationary-satellite orbit

Date of operational availability

Cost for a single launching (full capacity) (1980 US $)

Cost/kg into transfer orbit

Cost/kg into geostationary orbit

1700 kg 

970 kg 

end 1981 

$42 M(>) 

$24 700 

$43300

2000 kg 

1140 kg 

end 1982 

$43 M 

$21500 

$37 700

2420 kg 

1380 kg 

end 1982 

$47 M 

$19 400 

$34 000

3500 kg 

2000 kg 

1985 

$50 M 

$14 300 

$25 000

(') M: million.

3.9.3 Considerations o f  Shuttle launch costs

The Space Shuttle’s to tal capacity in weight and  volum e is m uch greater than  tha t required for 
m ost geostationary-satellite systems. The STS together with the IUS, which consists o f bo th  an apogee and  
a perigee kick m otor, will be able to place up to 2250 kg into geostationary orbit. N ASA has established a 
pricing policy that perm its the purchase o f a part o f the Space Shuttle capacity, w ith the price for sharing 
the capacity as set forth in the NASA Space T ransportation  System R eim bursem ent G uide, JSC-11802 
dated M ay, 1980.
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A shared-flight user will pay a percentage o f the dedicated-flight-price. The price for all payloads is 
based on launch weight o r length as show n in the pay load  sharing nom ographs o f Fig. 4-13. These 
nom ographs are explained below:

— to calculate a weight load factor, the user should divide the payload weight (including the weight o f 
the spacecraft, the weight o f apogee and  perigee kick m otors, flight kit, support equipm ent, etc.) by 
the to tal Shuttle payload weight capability  at the desired inclination. Two standard  orb it inclinations 
are offered to  users for flights originating  from  the Eastern Test Range (K ennedy Space Center 
launch); .

— to calculate an approxim ate length load factor, the user should divide the payload length (including
upper stages, airborne support equipm ent, rational clearance, etc.), plus 15.2 cms nom inal for dynam ic 
clearance, by the length o f the cargo bay, 1829 cms. The actual dynam ic clearance will be used for 
final billing;

— to determ ine a charge factor, the user should now  divide the load factor (length or weight, whichever
is greater) by 0.75. However, the effective charge factor is never greater than  1.0;

— to determ ine the price for his payload, the user should m ultiply the price o f a dedicated flight (plus a
use fee, if  applicable) by the calculated charge factor.

The dedicated flight price is $18 m illion escalated for inflation  plus $4.3 m illion non-escalated. 
Escalation for inflation  will be com puted according to the Bureau o f L abor Statistics index for the private 
business sector, all persons: productivity , hourly com pensation , unit labour cost, and  prices seasonally 
adjusted. For p lanning  purposes, estim ated inflation  factors are given in Table 4-XII.

The cost o f  integrating the payload with the STS m ust also be included. This cost can be up to 
$ 8  m illion depending on payload.

The approxim ate weights and  lengths o f the upper stages to be used with the STS are given below:

Stage Weight (kg) Length (cm)

IUS (PKM + AKM) 19 700 498
SUSS-A (PKM)C) 5 600 231
PAM-D (PKM) (2) 2 950 211 (mounted sideways

in STS bay)

(') Weight into transfer orbit: 1970 kg. 
(2) Weight into transfer orbit: 1360 kg.

TABLE 4-XII -  Planning inflation rates 
(NASA Shuttle)

Date Rate

January 1975 (Reference) 1.0

July 1979 1.45
1980 1.55
1981 1.66
1982 1.77

1983 1.90
1984 2.03
1985 2.17
1986 : " ■ 2.33 ■
1987 2.49

1988 2.66 ' 7
1989 2:85 :
1990 . ■■■■■ 3.05
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FY 1975 dollars in m illions
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FIG U R E  4-13 -  Payload-sharing nomograph (MKS system)
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A N N E X  4-1

CALCULATION OF ATM OSPHERIC ATTEN UATIO N D U E  TO RAIN

R ain is one o f the principal causes o f signal a ttenuation  on centim etric and  m illim etric wave propagation  
paths th rough the lower atm osphere. In designing a com m unication link it is necessary to  provide a m argin to 
com pensate for this attenuation . The purpose o f this A nnex is to  outline a step-by-step procedure for com puting 
this ra in  m argin for various link reliabilities.

A tm ospheric a ttenuation  due to  ra in  can be neglected at 2.6 G H z bu t can be large at 12 GHz. This 
a ttenuation  depends bo th  on the rate o f precip ita tion  and  the slant range th rough tha t portion  o f the atm osphere 
w hich is below the 0° C isotherm . V arious m odels and  m ethods have been p roposed  for calculation o f the rain  
a ttenuation . The m ethod outlined in  this A nnex is based on [NASA, 1980],

Info rm ation  on this subject can also be found  in R eports 563, 564 and 721.

1. Step-by-step computation of atmospheric attenuation due to rain

Step  7 : Locate the region where the earth  station is located on the m ap (Figs. 4-14 to 4-20) and determ ine the 
rain climate.

Step 2 :  O btain the rain  rate Rp from  the rain  rate d istribu tion  Tables 4-X III to  4-XV inclusive. To illustrate the 
usage o f these Tables, consider rain  region H in Fig. 4-14. For a link reliability o f 99% the param eter p  
in the second colum n o f Table 4-X III is 1% and  the rain  rate Rp (corresponding to  p  = 1%) is 12 m m /h . 
This m eans th a t in this region rain  rate exceeds 12 m m /h  only during 1% o f an average year. Therefore, 
if  in the design o f the com m unication  system sufficient m argin is p rovided to com pensate for rain  
attenuation  caused by rain precip itation  at a rate o f 12 m m /h , the m argin w ould be sufficient for 99% of 
the year when rain  does no t exceed 12 m m /h . The last two colum ns o f  these Tables give the to tal tim e o f 
the year when rain  rate exceeds the stated value and  so could lead to  signal degradation  or a com plete 
outage.

Step 3: Establish surface projected path  length D  by equation  (19).

=  UH (p) -  H 0)/tan 0 for 0 ^  10°
[E  vj/ for 0 <  1 0 ° ( '

where E  is radius o f the Earth  (8500 km) and

^  =  8111-1 V ( t f o +  £ )2 sin2 0 +  2 E [ H { p )  -  f f 0] +  [77 (p) ] 2 -  H 20 -  ( H0 + E) sin 0
\_H{p) + E v

radians (2 0 )

0 : elevation angle from  the ground station to the satellite which can be ob tained from  Fig. 4-21 for
the relative longitude and  latitude o f the earth  station with respect to the geostationary  position  
o f the satellite,

H0 : the ground station height relative to the sea level,

H( p)  : rain  height as ob ta ined  from  Fig. 4-22 for the given probability  o f occurrence p,

p  \ 1 0 0  — desired link reliability.
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3a:  I f  D resulting from  the last step is greater than  22.5 km, a new rain  rate from  Table 4 -X III m ust be 
calculated. I f  D  is less than  22.5 km, step 3a should be skipped. In  o rder to  revise ra in  rate  R  to  a new 
rain  rate Rp' first calculate p '  which is related to  p  by the expression:

22.5
~zT

(2 1 )

where D  is the projected path  length as calculated in step 3. Then, from  the rain  d istribu tion  tables, find  
the new rain rate Rp, for this p' .

The new rain  rate R '  and  surface projected path  D '  =  22.5 km  should  be used in the next few steps.

4:  D eterm ine param eters a  and  P from  Table 4-XVI.

5:  C alculate the surface projected attenuation  value, A { R p, D)  from  Rp and  D  o f step 3 (or Rp', and  D ' o f  
step 3a) A ( R p, D ) is given by equation (22) below:

A (Rp, D) =

olR *

a  R f

e u p d _  l £ p e c(Jd e c p O -

+
up

e « P o _ i

up

Cp cP

(H (p) — H 0) otRt

d ^  D ^  D' 

d > D

D = 0 (0  =  90°

(22 )

where:

u =
loge bec

(23)

b = 2.3 ( RP)~0A1

c = 0.026 -  0.03 loge R p 

d = 3.8 -  0.6 loge R p

(24)

(25)

(26)

6:  A djust for height along a slant path.

A ( Rp, D) 
cos 0

> 10° (27)

where L R is the rain  attenuation  in dB.

Exam ple: Table 4-XVII gives an exam ple for the required rain  a ttenuation  m argin for 6 locations in the 
US and  for link reliabilities o f 99, 99.9 and  99.99%. N ote th a t the m argin increases rap id ly  as the desired 
link reliability increases.

Note fro m  the C C IR  Secretariat. — The rain clim ate regions show n in Figs. 4-14 to  4-20 inclusive have 
been changed in the m ost recent updating  o f R eport 563, to  which reference should now  be m ade for 
actual rainfall data. However, these figures are retained w ithout change in this P L E N /3  report for use 
with the illustrative exam ples in this Annex.
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FIGURE 4-14 -  Rain climate regions fo r Africa
(see Table 4-XIII)
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FIGURE 4-15 — Rain climate region fo r  Asia
(see Table 4-XIII)
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FIGURE 4-16 -  Rain climate region fo r  Australia
(see Table 4-XIII)
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FIGURE 4-17 -  Rain climate region fo r  Europe 
(see Table 4-XV)
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FIGURE 4-18 -  Rain climate regions fo r  North and Central America
(see Tables 4-XIII and 4-XIV)
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FIGURE 4-19 -  Rain climate region fo r South America
(see Table 4-XIII)
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180° 150° 120° 90° 60° 30° 0° 30° 60° 90° 120° 150° 180°

FIG U R E  4-20 -  Rain climate regions fo r the oceans 
(see Table 4-X III)

FIG U R E 4-21 -  Angie o f  elevation to satellite as a function 
o f  latitude and relative longitude

A L: d ifference between the earth station  
longitude and the satellite longitude
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0 10 20 30 40 50 60 70 80 90
Latitude (degrees)

F IG U R E  4 -2 2  -  Rain height versus latitude i f  (degrees) 
below which attenuation due to  hydrometers is expected

Curves A: probability of occurrence of associated rain intensity: 0.001 % 
B: probability of occurrence of associated rain intensity: 0.01 % 
C: probability of occurrence of associated rain intensity: 0.1 % 
D: probability of occurrence of associated rain intensity: 1.0%
E: includes rain and snow occurrences

T A BL E  4-XII 1 -  Point rain rate (Rp) distribution values (mm/h) versus percentage o f  year rain rate is exceeded

Link
reliability

(% )

/?('): percentage 
o f  year 

rain rate 
is exceeded

Rain rate Rp for various rain clim ate regions 
(m m /h )

O utage
tim e

A B C D E F ■Q H
M inutes^  
per year

Hours 
per year

99.999 0.001 29 58 78 108 165 66 185 253 5.3 0.09
99.997 0.003 17 36 52 78 132 43 141 202 15.8 0.26
99.99 0.01 10 20 28 49 98 23 94 147 53 0.88
99.97 0.03 6 11 14 29 66 11 60 103 158 2.62
99.9 0.1 3 . 5 - . . 7 • 15 - 35 5' > - 32 64 526 8.77
99.7 0.3 1 2 4 7 15 2 17 34 1580 26.3
99.0 1.0 0.5- 1 2 3 6 0.1 8 12 5260 87.66

(') p  = 100 -  the desired link reliability.

Note. — This Table is to be used for A frica (Fig. 4-14), A sia (Fig. 4-15), Australia (Fig. 4-16),. N orth and Central A m erica excluding  
C anada (Fig. 4-18), South Am erica (Fig. 4-1-9) and oceans (Fig. 4-20).
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TABLE 4-XIV -  Point rain rate (Rp) distribution values (mm/h) versus percentage o f  year rain rate is exceeded

Link
reliability

(%)

/?('): percentage 
of year 

rain rate 
is exceeded

Rain rate Rp for various rain climate regions 
(mm/h)

Outage
time

1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 4.1 4.2
Minutes 
per year

Hours 
per year

99.999 0.001 22 22 22 42 42 42 79 79 150 150 5.3 0.09
99.997 0.003 12 14 15 23 26 28 43 49 81 92 15.8 0.26
99.99 0.01 6.1 8.0 9.9 12 15 19 22 29 41 54 53 0.88
99.97 0.03 3.3 4.9 6.7 6.3 9.3 13 12 18 23 33 158 2.62
99.9 0.1 1.7 3.0 4.4 .3.2 5.5 8.3 6.1 10 12 20 526 8.77
99.7 0.3 0.9 1.8 3.0 1.8 3.4 5.7 3.4 6.4 6.4 12 1580 26.3
99.0 1.0 — 1.1 2.0 0.9 2.0 3.7 1.8 3.8 3.3 7.2 5260 87.66

f ) p  = 100 -  the desired link reliability.

Note. — This Table is to be used for Canada (Fig. 4-18).

TABLE 4-XV -  Point rain rate (Rp) distribution values (mm/h) versus percentage o f  year rain rate is exceeded

Link
reliability

(%)

/?('): percentage 
of year 

rain rate 
is exceeded

Rain rate Rp for various rain climate 
(mm/h)

regions Outage
time

A B C D E F G H J
Minutes 
per year

Hours 
per year

99.999 0.001 >  150 > 150 100 83 66 50 35 65 55 5.3 0.09
99.997 0.003 150 105 64 55 43 34 25 45 45 15.8 0.26
99.99 0.01 85 60 38 32 25 20 16 30 35 53 0.88
99.97 0.03 48 33 22 18 15 13 11 20 28 158 2.62
99.9 0.1 22 15 12 10 8 7 6 12 20 526 8.77
99.7 0.3 9 7 5 4 4 3 3 — — 1580 26.3

(') p  ~ 100 -  the desired link reliability.

Note. — This Table is to be used for Europe (Fig 4-17).

TABLE 4-XV1 -  Values o f  a and P fo r  a range o f  frequencies

Frequency
(GHz) a P

10 1.36 x 1 0 -2 1.150
11 1.73 x 10-2 1.143
12 2.15 x 10-2 1.136
15 3.68 x 10-2 1.118
20 7.19 x 10-2 1.097
25 0.121 1.074
30 0.186 1.043
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TABLE 4-XVII -  Example o f  rain attenuation margins fo r  5 locations in the US and fo r  various link reliabilities
o f  99, 99.9 and 99.99%

Location Rain
zone

Elevation 
above sea 

level 
(m)

Longitude
west

(degrees)

Latitude
north

(degrees)

Elevation angle 
to a satellite 

95° W longitude 
(degrees)

Attenuation (dB) not exceeded 
during average year for given 

percentage of time

12.5 GHz 17.5 GHz

99o/o 99.9 % 99.99 °7o 99% 99.9 % 99.99 %

Portland,
Maine B 8 70 44 33.5 -0 .1 -  1.0 -  5.1 -0 .3 -  2.3 -  10.8

San Francisco, 
California C 20 122 38 38.0 -  0.4 -  1.6 -  7.3 ^ 0.8 -  3.5 -1 5 .4

Chicago,
Illinois D 154 88 42 41 -0 .3 -2 .5 -  10.2 -0 .7 -  5.5 -2 1 .4

Miami,
Florida E 3 80 26 56 -  1.2 -7 .5 -2 1 .7 -2 .5 -  15.9 -4 4 .8

Los Angeles, 
California F 104 118 34 43.5 0.0 -  1.2 -  5.8 0.0 -  2.6 -  12.2

Seattle,
Washington C 3 122 48 29 -0 .2 -  1.4 -  6.9 - 0 .4 -  3.0 -  14.6

REFERENCES
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A N N E X  4-II 

SPACECRAFT W EIGHT ESTIM ATION M ODEL

The m ethod for estim ating spacecraft weight described in this A nnex is based on a com puter program  
developed by Ford A erospace and  C om m unications C om pany (FA CC). The program  is entitled “ Spacecraft 
Param eter and  Cost Estim ation M odel” and  is described in [M elachrino and  Baker, 1980]. It uses as its da ta  base 
statistics taken from  some 30 previously flow n com m unication satellites. This p rogram  is applicab le to  3-axis 
stabilized spacecraft only.

The program  com putes spacecraft cost as well as weight. The cost estim ation aspects o f this program  are 
described in A nnex 4-IV. The inpu t to the FA C C program  is the weight and  pow er o f the com m unication  
sub-system. A procedure for the estim ation o f com m unication sub-system w eight and  pow er is given in 
A nnex 4-III.

The ou tpu t o f the weight estim ation p art o f the program  consists o f the spacecraft sub-system  weights. The 
procedures for com puting sub-system weights are given in block diagram  form  in the subsequent sections. These 
block diagram s m ay be used directly or, for users w ith access to a digital com puter, the block diagram s m ay serve 
as a flow  chart for writing a com puter program .
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1. Electrical sub-system weights

The weight o f the electrical pow er sub-system on the satellite consists o f three com ponents. These 
com ponents are solar array  weight, battery weight and  pow er processing equipm ent weight. This section outlines a 
system atic procedure to  arrive at an estim ate for the weight o f the electrical pow er sub-system by calculating the 
weight o f each constituent com ponent. Before this can be done however, the pow er requirem ent o f the spacecraft 
needs to be determ ined.

Figure 4-23 shows the block diagram  for estim ating pow er requirem ent during the eclipse. This pow er level 
is the m ajor factor in determ ining the battery weight as outlined in Fig. 4-24. F igure 4-25 outlines the m ethod for 
calculating beginning o f life (BOL) pow er which is the determ ining factor in estim ating solar array  weight. Finally 
Fig. 4-26 suggests a m ethod for estim ating pow er conditioning weight. The weight o f the electrical power 
sub-system  is then the sum  o f the weights o f  the solar array, batteries and pow er conditioning equipm ent as 
ob ta ined  by Figs. 4-24, 4-25 and  4-26 respectively.

2. Structure sub-system weight

The block diagram  of Fig. 4-27 shows the m ethod for estim ating the weight o f the structure sub-system. 
The m ultiplier coefficients are based on statistical averaging o f historical data.

3. Thermal sub-system weight

Figure 4-28 outlines the weight estim ation m odel for the therm al sub-system.

PC O

E/NE C

TTC a

PS

> SCDCPE

220 a

FIG U R E 4-23 -  Spacecraft d.c. power during eclipse

PC: com m unications sub-system  d .c. power (A nnex 4-111)

E /N E : ratio o f  com m unications eclipse power to non-eclipse power (PC )

TTC : TTC d .c . power
60 W if TTC has encryption  

0 W if TTC has no encryption

PS: spacecraft d .c . power other than com m unications

K: spacecraft d .c . power =  0 .2  (RF power — 200) W*

SC D C P E : spacecraft d .c . power during eclipse

* (RF >  200 W , 0 otherwise)
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Battery weight (lbs)
FIGURE 4-24 -  Battery weight

FIGURE 4-25 -  Solar array weight

PS: spacecraft d.c. power other than communications

PC: communications sub-system d.c. power (Annex 4-111)

EOL: end of life power

BOL: beginning of life power

SAMD: solar array mass density: 27.3 W per lb

SAW: solar array weight (lbs)
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Number of 
batteries ~ '

4 .8

"0 Shunt weight (lbs)

0

0----0

Total weight o f  
the power processing  
equipm ent (lbs)

Power control 
unit weight (lbs)

2.7 20 .8

FIG URE 4-26 -  Weight o f  the power processing equipment

0.367

FIG URE 4-27 -  Model for estimating the structure sub-system weight

0.07

C om m unications _ 
sub-system weight

Electrical power

0 *0 -► Therm al sub-system  weight

sub-system  weight

FIG URE 4-28 -  Model fo r  estimating the thermal sub-system weight



Tracking telemetry and control (TTC) sub-system weight

The weight estim ate for this sub-system is based on Table 4-XV III.
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TA BL E  4-XVIII -  TTC sub-system weight

TTC sub-system  weight Com m ent

50 lbs (22.5 kg) If TTC up link does not include either encryption or spread  
spectrum m ultiple access SSM A

80 lbs (36 kg) If TTC up link includes encryption but no SSM A

110 lbs (50 kg) If TTC  up link includes encryption and SSM A

Attitude control sub-system weight

Table 4-X IX  gives the weight o f the attitude contro l sub-system for various pitch  axis accuracies (PAA).

T A BL E  4-X IX  -  Attitude control sub-system weight

Pitch axis 
accuracy (P A A )

3 x  C om m unications sub-system  weight

>  1300 lbs (590 kg) <  1300 lbs (590 kg)

P A A  > 0 .1 ° 152 lbs (69 kg) 130 lbs (59 kg)
0 .05° ^  P A A  «  0 .1° 172 lbs (78 kg) 152 lbs (69 kg)

P A A  <  0 .05° 207 lbs (94 kg) 187 lbs (85 kg)

Electrical and structural integration

Figures 4-29 and  4-30 give the weight estim ate for the electrical and  structural in tegration  respectively.

0 .215

FIG URE 4-29 -  Model fo r  estimating structural integration weight
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0.136

Communications 
sub-system weight

FIG U R E 4-30 -  Model fo r  estimating electrical integration weight

Figure 4-30, p. 152

7. On-board fuel weight and propulsion sub-system weight *

The am ount o f fuel to be carried in orbit by a spacecraft depends on several factors including the life o f 
the m ission, the weight o f the satellite, the specific energy conten t o f the fuel, etc. These param eters are related by:

A c

M  f Uei =  M DSc ( e sp — 1) (28)

where:

Mfuel: mass o f the fuel,

M dsc : dry weight o f the spacecraft (i.e. the weight o f the spacecraft after all the usable fuel has been 
spent),

lsp : specific im pulse o f  the fuel. Isp is the ind icator o f the specific energy content o f the fuel and  its unit
is seconds. An /  o f 220 s is typical o f m onom ethyl hydrazine liquid fuel,

g : E arth ’s gravitational acceleration =  9.8 m /s 2,

Av : im pulsive velocity increm ent.

A typical value for Av for a 7 year geostationary  mission is 500 m /s  o f which about 100 m /s  is spent at 
the start o f the m ission for overcom ing apogee kick m otor firing dispersions, and  placing the spacecraft at the 
assigned longitude in the geostationary orbit. A pproxim ately 50 m /s  is allocated to the north-south  station keeping 
each year, and the yearly allocation to  the east-west station keeping and  attitude control are approxim ately  2  m /s  
and 8 m /s , respectively.

U sing a Av o f 500 m /s  and an /  of 220 s in equation  (28) one gets:

Mfue, = 0.26 M dsc (29)

The weight o f the propulsion  tankage and  hardw are is approxim ated to be about 10% of the weight o f the 
fuel. This weight does no t include the weight o f the em pty shell which may be left behind by the apogee kick 
m otor, if  it is integral w ith the spacecraft liquid propulsion sub-system. Sum m arizing the above discussion, 
Fig. 4-31 gives the block diagram  for estim ating the in-orbit fuel weight.

8. The overall spacecraft weight

The weight o f the spacecraft is the aggregate sum of the constituent sub-systems which are:

— com m unications (Annex 4-III);
— electrical sub-system (Figs. 4-24, 4-25 and 4-26);
— structural sub-system (Fig. 4-27);
— therm al sub-system (Fig. 4-28);
— tracking, telem etry and control (TTC) sub-system (Table 4-X V III);
— attitude control sub-system (Table 4-XIX);
— electrical and structural integration weight (Figs. 4-29 and  4-30);
— on-board  fuel weight and  propulsion hardw are (Fig. 4-31).

T h e p ro ced u re  fo r  e s t im a tin g  th e o n -b o a r d  fu el w e ig h t a n d  th e  p r o p u ls io n  h a rd w a re  w e ig h t as e x p la in e d  in  th is  s e c t io n  is 
d iffe re n t from  th e  p ro c ed u re  su g g este d  b y  th e F A C C  m o d el.
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Weight inputs:

FIG U R E 4-31 -  In-orbit fuel and propulsion hardware weight

( —  \a = \ e IsP ' g  - 1 /

9. Apogee kick m otor (AKM ) weight

Using equation  (28), a required  Av =  1.8 k m /s  and  a fuel Isp =  284 s, the A K M  fuel w eight is 0.91 tim es 
the on-geostationary  orbit weight. U sing 10% o f the fuel weight as an  app rox im ation  for A K M  hardw are weight, 
m akes the A K M  weight essentially equal to the satellite weight. Values o f required  velocity increm ent Av and  
A K M  fuel weight are directly related to  the inclination  angle o f the transfer orb it and  values m entioned  above are 
for the launch from  the Eastern Test Range o f the USA. Therefore it is necessary to  recalculate each value for the 
specific launch vehicle and  site.

REFERENCES

M ELACH RINO , S. J. and BAKER, M. W. Jr. [March, 1980] Spacecraft parameter and cost estimation model. Technical 
M emorandum TM-294, Ford Aerospace and Communications Corporation.

A N N E X  4-111

CO M M UN IC ATIO N SUB-SYSTEM  -  W EIGHT A N D  POW ER ESTIM A TIO N

The com m unication  sub-system consists o f two m ajor elem ents, the an tenna and  com m unication  elec
tronics.

1. Antenna weight

A ntenna weight depends on the type, rigid or deployable, and on the diam eter, w hich is determ ined by the 
narrow est beam  required. The approxim ate relationship  between an tenna  d iam eter and  beam w idth , fo r an  an tenna 
efficiency o f 0.55, is given by the follow ing relationship:

D = 70.5 X/Q (30)

where D  and  X (wavelength) are in the same units and  0 is the — 3 dB beam w idth.
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Estim ated an tenna weight versus d iam eter is p lo tted  in Fig. 4-32. The weight given includes the reflector 
and  feed support, bu t no t the feeds. The num ber o f feeds depends on the num ber o f beam s or the beam  shaping 
required. The weight o f each feed can be estim ated at approxim ately  0.5 kg.

2. Communication electronics weight

Since each com m unication  satellite will have a un ique com m unication sub-system configuration , weight 
estim ation requires tha t a block diagram  be draw n show ing all elem ents such as receivers, pow er am plifiers, 
sw itching elem ents, etc. All stand-by redundan t as well as active elem ents m ust be included. Elem ent weights are 
then added  up to  give to ta l sub-system weight. Table 4-XX gives a set o f typical weights for various com m unica
tion  sub-system elements.

3. Power

The m ajor contribu tion  to com m unication  sub-system pow er consum ption will be by the pow er am plifiers. 
C om m unication  sub-system d.c. pow er is ob ta ined  by dividing to ta l R F  pow er (§ 3.6.1 o f this C hapter) by the 
assum ed pow er am plifier efficiency, and  adding the pow er used by other elem ents o f the com m unication  
sub-system  such as receivers. Receiver pow er requirem ents are given in  Table 4-XX.

T A BL E  4-X X  -  Typical communication sub-system element weights

C om ponent
Unit weight 

(kg)
Unit power 

(W )

A . Receivers
single conversion 1.1 5
dual conversion 1.5 6

B. Low level am plifier/driver 0.5 1

C. Power am plifiers (33 *7o efficiency)
Solid state (2 .6  G H z)

0-5 W 1
5-10 W 1.4

Travelling wave tube amplifiers (T W T A ) (33 % efficiency)
0-5 W 1.1
5-8 W . 1.3
8-10 W 1.5

10-15 W 2.1
15-20 W 2.7
20-40 W 3.6
40-80 W 4.3
80-100 W 6.8

100-200 W 9.1

D. Input multiplexer 0 .37/chann el

E. O utput multiplexer 0 .32/channel

F. Switches 0 .1-0 .5  kg depending
on com plexity



A
nt

en
na

 
w

ei
gh

t 
(k

g)

Chapter 4 167

A ntenna diam eter (ft)

A ntenna diam eter (m)

FIG U R E  4-32 -  Antenna weight versus diameter
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A N N E X  4-IV 

A SATELLITE COST M ODEL

This A nnex provides a detailed procedure for estim ating com m unication satellite costs. The m ethod is 
based on the FA C C com puter program  [M elachrino and Baker, 1980].

R ecurrent and non-recurrent costs are com puted for each sub-system and are subsequently used to estimate 
the cost o f the total program . The cost o f each sub-system is derived, based on the com plexity o f the sub-system 
and  its weight, as given by A nnex 4-II. Both Annexes 4-II and 4-IV are presented in such a fashion tha t they can
be used by users with no access to  a digital com puter. How ever, these Annexes can easily be used to  write a
com puter program  if a com puter is accessible. In the follow ing sections all the costs are in thousands o f 1980 US 
dollars and  the weights are in pounds.

1. Communication sub-system cost

The non-recurrent and  recurrent costs o f the com m unication sub-systems are given by equations (31) and 
(32) respectively:

C N R  =  C N W F [  1375.6 +  199.6 (0.67)'(CCP)] (31)

CR = C R W F [67.6 (0.75)( CCP) -  91.9] (32)

where:
C N R  : com m unication sub-system non-recurren t cost,
CR  : com m unication sub-system recurrent cost,
C N W F : com m unication sub-system non-recurren t weighted com plexity factor,
CR W F : com m unication sub-system recurrent weighted com plexity factor,
C C P : com m unication sub-system costing param eter (taken to be the weight o f the com m unication

sub-system. See A nnex 4-III).
The weighted com plexity factors C N W F  and CR W F  are given by equations (33) and (34) below:

C N W F  =  0.52 ( CF  +  0.39) +  0.48 (33)

C R W F  = 0.56 {CF  +  0.29) +  0.44 (34)

The factor C F in equations (33) and (34) is the com plexity factor for the com m unication sub-system which itself is
the sum o f the m ore basic com plexity factors o f various sections o f the com m unication sub-system. CF  is given
by:

CF = £  CLx (35)
i = 2

where CLi are the basic com plexity factors as given in Table 4-XXI. N ote that the factor CF  in equation  (33) is
ob ta ined  by sum m ing the non-recurrent {N R )  basic com plexity factors o f Table 4-XXI and the factor CF  in
equation  (34) is obtained by sum m ing the recurrent (/?) basic com plexity factors o f Table 4-XXI.

2. TTC sub-system cost

The non-recurrent and recurrent costs o f the TTC sub-system are given by equations (36) and  (37) 
respectively.

TNR  =  T N W F  [417.2% +  8.23 {TCP)] (36)

TR  =  TR  IF F [48.28 (0.75) {TCP) -  85.84] (37)

where:
TN R : TTC sub-system non-recurren t cost,
TR  : TTC sub-system recurrent cost,
T N W F : TTC sub-system non-recurrent cost weighted com plexity factor,
TR W F : TTC sub-system recurrent cost weighted com plexity factor,
T C P : TTC costing param eter (taken to  be the weight o f  the TTC sub-system. See Table 4-X V III o f

A nnex 4-II).
The weighted com plexity factors T N W F  and  TR WF  are given by equations (38) and (39) below:

T N W F  =  0.52 (C F  +  0.294) +  0.48 (38)

TR WF  =  0.56 (C F  +  0.211) +  0.44 (39)



Chapter 4 169

The factor C F in equations (38) and (39) is the com plexity factor for the TTC sub-system  which itself is the 
sum of the m ore basic com plexity factors.

C F  is given by:
5

CF = X  T L i (40)
i = 1

where TLi are the basic com plexity factors as given in Table 4-XX II.

3. Structure sub-system cost

The non-recurren t and recurrent costs o f the structure sub-system are given by equations (41) and  (42) 
respectively.

S N R  = 1.346 [759 +  6 6  (0.66) (SCP)] (41)

S R  =  1.377 [2.4 +  7.5 (0.75) (SCP)]  (42)

where SC P  in the above equation is the structure sub-system costing param eter which is taken  to be the sum of
the weights o f the structure sub-system, therm al sub-system and the structural in tegration  weight (see Figs. 4-27,
4-28 and  4-29 o f Annex 4-II).

4. Attitude control sub-system cost

The non-recurren t and  recurrent costs o f the attitude control sub-system are given by equations (43) and 
(44) respectively.

A N R  -  A N W F [134.9  +  79.9 (0.75) (ACP)] (43)

A R  = A R W F [ 25 +  40.9 (0.8) (ACP)] (44)

where:
A N R  : attitude control sub-system non-recurren t cost,
A R  : attitude control sub-system recurrent cost,
A N W F : attitude control sub-system non-recurren t cost weighted com plexity factor,
A R W F :  attitude contro l sub-system recurrent cost weighted com plexity factor,
A C P :  attitude control sub-system costing param eter (taken to be the sum o f the weights o f the

propulsion hardw are and the weight o f the attitude control sub-system. See Fig. 4-31 and  
Table 4-X IX  of A nnex 4-II).

The weighted com plexity factors A N W F  and  A R  W F  are given by:

A N W F  =  0.62 (C F  +  0.497) +  0.38 (45)

A R  W F  =  0.50 (C F  +  0.296) +  0.50 (46)

The factor CF  in the above equations is the com plexity factor for the attitude contro l sub-system  which
itself is the sum o f the m ore basic com plexity factors associated with the attitude contro l sub-system. CF  is given
by:

CF  -  f  A Li (47)
i -- i

where A Li is given by Table 4-XX 111.

5. Electrical sub-system cost

The recurrent and  non-recurrerit cost o f the electrical pow er sub-system is given by E R  and  E N R  o f 
equations (48) and  (49) respectively.

E R  = R \  + R 2  (48)

E N R  = N R  1 +  N R 2  (49)

where:

F I  =  83.5 (FC F1 x ECP2)02' m  (50)

R 2  =  ER  W F  (40 x F C F3/1000) (51)

N R \  =  440.3 -h 2.0 x F C F 2  (52)

N R 2 = E N W F (50 x F C F3/1000) (53)
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T A B L E  4-X X I -  Basic complexity factors fo r  the communications sub-system

D esignation Description
Basic com plexity factor relationships related 

to  highest com m unication frequency

<  15 G H z 15 to 56 G H z >  56 GHz
CL1 Highest com m unications frequency

1 <  15 G H z
2 15 to 56 G H z
3 >  56 G H z

CL2 Highest power am plifier power at the
highest frequency

N R /R N R/R NR/R
1 <  5 W 0 .2 3 3 /0 .1 9 6 0 .3 2 5 /0 .2 8 4 0 .551 /0 .475
2 5 to 10 W 0 .2 5 2 /0 .2 2 0 0 .3 7 5 /0 .3 1 8 0 .60 8 /0 .5 1 2
3 10 to 20 W 0 .2 8 1 /0 .2 4 5 0 .4 2 4 /0 .3 5 2 0 .6 6 4 /0 .5 4 9
4 20 to 40 W 0 .3 4 5 /0 .2 6 4 0 .4 8 1 /0 .3 8 5 0 .742 /0 .583
5 >  40 W 0 .3 9 2 /0 .3 0 5 0 .5 2 3 /0 .4 1 9 0 .79 9 /0 .6 1 7

NR R
CL 3 Type o f  transponder

1 Translating 0.100 0.109
2 Regenerative 0.140 0.229
3 C om bination 0.245 0.355

CL4 Number o f  active power am plifiers

1 10 0.067 0.073
2 *£ 50 0.086 0.080
3 «: 100 0.112 0.088
4 >  100 0.137 0.089

CL 5 Num ber o f  different frequency bands

1 1 0.034 0.037
2 2 0.035 0.037
3 3 0.039 0.040
4 >  3 0.040 0.041

CL6 Number o f  receive/transm it antenna sets

1 1 0.035 0.034
2 2 or 3 0 .039 0.039
3 4 to 6 0 .042 0.043
4 >  6 0.047 0.049

CL7 M ost com plex antenna coverage

1 Earth 0.135 0.135
2 Single s p o t: beam width 3s 1.0° 0 .266 0.225
3 Single spot: beam width < 1 .0 ° 0.332 0.281
4 Shaped: single beam width > 1 .0 ° 0 .380 0.230
5 Shaped: single beam width < 1 .0 ° 0 .475 0.288
6 M ultiple spot single beam width 3s 1.0° 0 .430 0.182
7 M ultiple spot single beamyvidth <  1.0° 0 .559 0.236
8 Scanning jS 7 beam widths 0.662 0.212
9 Scanning >  7 beam widths 0.726 0.297

CL 8 M ost com plex antenna design

1 Horn 0.100 0.100
2 Single reflector 0.100 0.227
3 Dual reflector 0.248 0.248
4 Single lens 0.271 0.328
5 Dual lens/phased  array 0.448 0.542

CL9 Number o f  feed elem ents in m ost
com plex antenna design

1 1-10 0.100 0.102
2 11-25 0.229 0.234
3 26-50 0.458 0.455
4 51-75 0.628 0.624
5 76-100 0.798 0.794
6 >  100 0.846 1.172

NR: non-recurrent. R: recurrent.
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T A B L E  4-X X I I -  Basic complexity factors fo r  TTC sub-system

Designation Description
Non-recurrent

(NR)
Recurrent

(R)

TLX
1

M axim um  TTC bit rate: C M D  or TLM : 

«= 105 b it/s 0 .110 0.100
2 105 to 109 b it /s 0 .199 0.154
3 >  I09 b it /s  .. 0 .279 0 .176

TL2 Total number o f  com m ands:

1 jS 1000 v .  • ; 0 .1 2b 0.142
2 >  1000 0 .144 0.183

7X3

1

Type o f  com m unications processing: 

N one 0.303 0.304
2 Centralized : 0 .500 0.435
3 Distributed 0.583 0.483

TLA
1

Processing or TTC storage: 

N one 0.151 0.152
2 <  104 bits 0 .174 0.158
3 104 to 109 bits 0.210 0.182
4 >  109 bits 0.274 0.234

7X5 , Processing m em ory: (
1 N one 0.151 0.152
2 M agnetic core 0.160 0.160
3 Tape 0.165 0.165
4 Other 0.250 0.251

C M D : com m and.
T L M : telemetry.

Table 4-XXII, p.161

In  the above equations, FC F1 to  ECP3  are electrical pow er sub-system costing param eters. E C P 1 is the 
sum o f the weights o f the electrical pow er sub-system and  the electrical integration. The weight o f the electrical 
pow er sub-system is the sum of the outputs o f Figs. 4-24, 4-25 and  4-26 of A nnex 4-II and  the weight o f the 
electrical integration  is given by Fig. 4-30 o f A nnex 4-II. ECP2  is end o f  life pow er requirem ent (less the 
contingency) as given by block diagram , Fig. 4-25, Annex 4-II. ECP3  is the num ber o f so lar cells needed to 
produce the required beginning o f life {B O L) pow er in watts and  is given by equation  (54).

Bol pow er requirem ent
N um ber o f solar cells =  ----------------------------------  (54)

Solar cell factor

The solar cell factor is taken to be 0.23.
£7? IF F and  E N W F  in equations (51) and  (53) are the electrical pow er recurrent and  non-recurren t weighted 

com plexity factors. They are given by:

E N W F  =  0.56 {CF + 1.132) +  0.44 (55)

F F IF F  =  0.52 (C F  +  0.836) +  0.48 (56)

The factor C F  in equations (55) and  (56) is given by Table 4-XXIV.

6. Spacecraft programme cost

Once the recurrent and non-recurren t costs o f various sub-systems have been determ ined one can cost the 
to tal spacecraft program m e. The program m e described in this section contains N  spacecraft o f which N  — 1 are
flight models and  the other one is a prototype which can be refurbished to be a flight m odel. The various costs
contributing  to the total program m e costs are:
— total non-recurrent cost =

1.3 (sum o f the non-recurrent costs o f all the sub-systems)
— fir s t unit cost — , .. . . . . . . . .

1.25 (sum o f the recurrent costs o f all the sub-system s).
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— prototype cost =
1.25 (first un it cost)

— research and development (R&D) cost =  
to ta l non-recurrent cost — pro to type cost

— prototype refurbishment cost =
0.2 (first un it cost) +  4500

— flig h t m odel cost =
(num ber of spacecraft — 1) (first unit cost)

— in-orbit incentive cost =
0 .2  (total non-recurrent cost +  flight m odel cost +  pro to type refurbishm ent cost)

— total program m e cost =
to ta l non-recurrent cost +  flight m odel cost +  pro to type refurbishm ent cost +  in-orbit incentive cost.

T A B L E  4-XX1II -  Basic complexity factors fo r  attitude control sub-system

D esignation Description
Non-recurrent

(NR)
Recurrent

(R)

AL\ Attitude reference:

1 Inertial or other 0.256 0.282
2 Celestial 0 .357 0.321

AL2 Pointing control:

1 Open loop 0.190 0.206
2 C losed loop 0.255 0.332

AL7> Pitch axis pointing accuracy:

1 >  + 1 .0 ° 0 .294 0.302
2 0 .25° to <  1.0° 0.356 0.365
3 0 .1 ° to <  0 .25° 0.482 0.429
4 < 0 . 1 ° 0.835 0.544

T A B L E  4-X X IV  -  Basic complexity factors fo r  electrical power sub-system

D esignation TBPR(l) values
Non-recurrent

(NR)
Recurrent

(R)

1 TBPR 750 0 .432 1.978
2 TBPR «= 1250 0.437 2.747
3 TBPR =S 1750 0 .442 3.846
4 TBPR «= 2250 0.447 4.945
5 TBPR *= 2750 0.452 6.044
6 TBPR *s 3250 0.457 7.143
7 TBPR >  3250 0.462 9.066

(') TBPR: end o f  life power requirement (W ) (less the contingency m argin. See Fig. 4-25, A nnex 4-11).

REFERENCES

M ELACH RINO , S. J. and BAKER, M. W. Jr. [March, 1980] Spacecraft parameter and cost estimation model. Technical 
Memorandum TM-294, Ford Aerospace and Communications Corporation.
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A N N E X  4-V

COVERAGE AREA PL A N N IN G  
W ORLD MAPS

This A nnex includes a representative set o f w orld m aps draw n by the com puter program  W M A P 
[Calcom p, 1975]. Am ong the features o f this program  is the capability to  project views o f the E arth ’s surface onto 
a p lane perpendicular to the view er-Earth centre vector. C ircular beam s therefore project as circles on these m aps.

Figures 4-33 to 4-40 inclusive show views o f the E arth ’s surface from  geostationary  orb it at in tervals o f 45° 
longitude. I f  circular beam s are used, required beam w idths can be com puted graphically  by draw ing circles over 
the desired coverage area. Beam diam eters in degrees can be scaled from  the angu lar diam eter o f the Earth , which 
is 17.4°.

In selecting an initial orbital position a longitude o f about 15° west o f the centre o f the service area 
provides good earth  solar eclipse protection.

FIG U R E  4-33 -  Satellite location 0° longitude
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FIGURE 4-34 -  Satellite location 45°E longitude
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FIGURE 4-35 -  Satellite location 90°E longitude
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FIGURE 4-36 -  Satellite location 135°E longitude
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FIGURE 4-37 -  Satellite location 180° longitude
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FIGURE 4-38 -  Satellite location 135° W longitude
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FIGURE 4-39 -  Satellite location 90° W longitude
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FIG U R E 4-40 -  Satellite location 45° Wlongitude

REFERENCES

CALCOM P [June, 1975] User’s manual, Calcomp graphics functional software world map (W M AP) plotting software.

A N N E X  4-VI 

EXAMPLE OF SYSTEM SYNTH ESIS A N D  COSTING

A system synthesis and  costing exam ple is w orked out in this A nnex follow ing the procedure o f § 3 o f 
C hap ter 4.

1. Requirements

The exam ple to be w orked out is a single channel b roadcasting  satellite at 12 G H z for com m unity  
reception with a coverage area o f the contiguous U nited States.
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2. Input parameters

— N um ber o f earth  term inals =  11 000
— N um ber o f sound channels per video channel =  1
— Signal quality, S / N  =  45 dB
— Television system M, FM  m odulation
— B andw idth =  27 M Hz
— Satellite location =  95° W
— G eographic location o f earth term inals — throughout U nited States o f Am erica
— E arth  station latitude and  longitude — select w orst case for elevation and  rain
— C hannels/beam  =  1
— N um ber o f beam s: single shaped beam  form ed by 25 circular beam s o f 1°
— Service area: contiguous U nited States
— Link reliability =  99.9% o f  average year

3. Procedures 

Step 1

3.1 Required C /N 0 (§ 3.1, C hap ter 4)

From  Fig. 4-2, the required C /N 0 =  8 6 .8  dBH z for S / N  = 45 dB and  R F  bandw idth  o f 27 M Hz. O ne 
sound sub-carrier at 6 .8  M Hz is included.

Step 2

3.2 Total path loss (§ 3.2, C hapter 4)

From  Table 4-II, L fS =  —205.8 dB for Seattle which has an elevation angle o f  29°.

From  Table 4-III, for 99.9% link reliability, L R ranges between —1.0 dB and  —7.5 dB. Since the rain  
clim ate is so different over the service area, we will use 4 dB rain m argin and  require h igher G / T  term inals in  
high rain regions.

The design value o f Lp is then ( — 205.8 — 4) =  —209.8 dB. W e will require 4 dB higher G / T  in certain 
high rain  regions.

Step 3

3.3 E.i.r.p. plus G /T  (§ 3.3, C hap ter 4)

Because the spacecraft an tenna gain is no t expected to be un iform  over the service area we will include a 
— 3 dB factor for the edge o f coverage area.

e.i.r.p. +  G / T  =  C /N 0 -  Lp +  K  +  3 dB 
=  86.9 +  209.8 -  228.6 +  3 
=  71.1 dB

Step 4

3.4 Selection o f  G /T , G and T  (§ 3.4, C hapter 4)

Select initial value o f G / T  = 16.1 dB (K -1).

Then e.i.r.p. =  55 dBW

Select receiver with noise figure =  3.5 dB for all term inals.

Region 1: From  Fig. 4-4, given 4 dB rain attenuation , T  =  27.5 dBK
From  Fig. 4-6, given T  = 27.5 dB K  and  an tenna d iam eter =  1,6 m (G^ =  43.6 dB),
G / T  = 16.1 d B (K - ’)

Region 2: From  Fig. 4-4, given 8 dB rain attenuation , T  = 28 dB K
From  Fig. 4-6, given T  = 28 dB K  and  an tenna diam eter =  2.8 m (GA =  48.1 dB),
G / T  = 20.1 d B (K - ')
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Step 5

3.5 Ground segment costs (§ 3.5, C hapter 4)

Single un it costs from  Table 4-VI and Fig. 4-8:

Receiver single unit cost for all term inals =  $3000
A ntenna single unit cost for Region 1 (4 dB rain) =  $900 (1.6 m diam eter)
A ntenna single un it cost for Region 2 (8  dB rain) =  $2000 (2.8 m diam eter)

Large quantity  receiver costs 11 000 units using 85% learning curve (Fig. 4-9)
C ost =  $3000 (0.11) =  $330 each.

A ntennas for Region 1, 10 000 units and 90% learning curve Cost =  $900 (0.25) =  $225 each. 

A ntennas for Region 2, 1000 units and 90% learning curve Cost =  $2000 (0.35) =  $700 each. 

Total cost =  11 000 (330) +  10 000 (225) +  1000 (700) =  $6.58 m illion

Step 6

3.6 Communication sub-system and  satellite power  (§ 3.6, C hapter 4)

From  Table 4-VIII required transm itted  pow er for com posite beam s from  25, 1° beam s and
e.i.r.p. =  55 dBW , U nited States coverage:

transm itted  pow er =  315 W (25 dBW)

Assum ing 1.5 dB transm itting  circuit losses:

P0 =  25 dBW  +  1.5 dB =  26.5 dBW

TRFP = 447 W

Satellite pow er is taken from  Fig. 4-10, assum ing a pow er am plifier efficiency o f 33%:

Step 7

3.7 Satellite weight (§ 3.7, C hapter 4)

Use the procedures o f Annexes 4-II and 4-III to  com pute satellite weight. The required inputs are
com m unication  sub-system pow er and  weight.

3.7.1 Communication sub-system power (Annex 4-III)

C om m unication  sub-system pow er =  450/0.33 +  10 =  1374 W  where 0.33 is the assum ed pow er
am plifier efficiency and 10 W  is for other com ponents in the sub-system.

3.7.2 Communication sub-system weight (Annex 4-III)

— Assume one 450 W  pow er am plifier (PA) and  one stand-by. Since Table 4-XX does not go to 450 W ,
PA weight is estim ated to  be 20 kg by extrapolation . PA weight =  2 x 20 =  40 kg.

— Assum ing 2 receivers at 1.5 kg, receiver weight =  3 kg.

— A ntenna size is com puted from  equation  (30), beam w idth =  1°.

D =  70.5 (0.025) =  1.76 m

Since there are 25 feeds, the an tenna weight is taken from  the high side o f the range shown in 
Fig. 4-32. WA = 30 kg.

— Total com m unication sub-system weight =  40 +  3 +  30 =  73.
Add 10% contingency =  73 +  7 =  80 kg (176 lbs)

3.7.3 Electrical sub-system weight (§ 1, A nnex 4-II)

Assume 100% eclipse capability

— eclipse pow er =  1644 W  (from  Fig. 4-23)

— num ber o f batteries =  2, weight =  100 lbs (45.35 kg) (from  Fig. 4-24)

— solar array  weight =  (270 +  1374 +  100) (1.05) (1.37)/(27.3) =  91.9 lbs (41.7 kg) (from  Fig. 4-25)

— pow er processing equipm ent weight =  35.8 lbs (16.25 kg) (from  Fig. 4-26)

Total electrical sub-system weight =  100 +  91.9 +  35.8 =  227.2 lbs (103.3 kg)
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3.7.4 Structure sub-system weight (§ 2, A nnex 4-II)

From  Fig. 4-27 structure sub-system weight is 116.1 lbs (52.62 kg).

3.7.5 Thermal sub-system weight (§ 3, A nnex 4-11)

From  Fig. 4-28 therm al sub-system weight is 28.2 lbs (12.8 kg).

3.7.6 TTC  sub-system weight (§ 4, Annex 4-II)

From  Table 4-X V III, TTC sub-system weight is 50 lbs (22.7 kg).

3.7.7 Attitude control subsystem  weight (§ 5, A nnex 4-11)

From  Table 4-XIX  attitude control sub-system weight is 130 lbs (58.95 kg).

3.7.8 Structural and electrical integration weights (§ 6 , A nnex 4-II)

From  Figs. 4-29 and 4-30 these weights are 25 lbs (11.34 kg) and  24 lbs (10.88 kg) respectively.

3.7.9 In-orbit fu e l weight (§ 7, Annex 4-II)

From  Fig. 4-31 this weight is given by:
(Sum of sub-system weights) (1 ,+ 0.026) (0.207) =  776.5 (1.026) (0.207)

=  164.9 lbs (74.7 kg).

3.7.10 Propulsion hardware weight (§ 7, Annex 4-II)

This weight =  0.1 (164.9) =  16.5 lbs (7.47 kg).

3.7.11 Total spacecraft weight (§ 8 , Annex 4-II)

Sum of all sub-system weights =  776.5 +  164.9 +  16.5
=  957.9 lbs (434.17 kg).

Step 8

3.8 Satellite cost (§ 3.8;, C hapter 4)

Using the procedures o f A nnex 4-IV, the sub-system non-recurren t and  recurren t costs are derived.

3.8.1 Communication sub-system  (§ 1, A nnex 4-IV)

C N R = C N W F [1375.6 +  199.6 (0.67) (CCP)]

CR = CR WF  [67.6 (0.75) (CCP) — 91.9]
where C C P is the weight o f the sub-system =  176 lbs (80 kg).

C N W F  =  0.52 (C F  +  0.39) +  0.48

C R W F  =  0.56 (C F  +  0.29) +  0.44

The com m unication sub-system com plexity factors are

CL1 = 1 /  <  15 G H z

N R R

CL2 = 5 0.392 0.305 Power am plifier >  40 W
CL3 = 1 0 .1 0.109 T ranslating  transponder
CIA  = 1 0.067 0.073 <  10  pow er am plifiers
CL5 - 1 0.034 0.037 One frequency band
CL6  = 1 0.035 0.034 One receive /transm it an tenna set
CL1 - 6 0.43 0.182 Beam width =  1°, m ultiple spot
CL8  = 2 0 .1 0.227 Single reflector
CL9 = 2 0.229 0.234 25 feed elements
CF 1.387 1 .2 0 1 (equation  (35))

and therefore

C R W F = 1.275 and C N W F  = 1.404 (from  equations (33) and (34))

then

CN R  =  $11.03 m illion

and

non-recurren t

recurrent

CR  =  $3.9 m illion
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TN R  =  T N W F [477.28 +  8.23 ( TCP)]
TR = TR W F [48.28 (0.75) {TCP) -  85.84] 

where TCP  is the weight o f the sub-system =  50 lbs (22.7 kg). 
T N W F  =  0.52 (C F  +  0.294) +  0.48 
T R W F  = 0.56 (C F  + 0.211) +  0.44 
The com plexity factors are:

3.8.2 TTC sub-system (§ 2, Annex 4-IV)

non-recurrent
recurrent

N R R
TLX = 0 .1 1 0 .1
7X2 = 0 .1 2 0.142
7X3 = 0.303 0.304
TLA = 0.151 0.152
7X5 = 0.151 0.152

0.835 0.85

C F (N R ) =  0.835 for N R  costs
C F (R ) =  0.85 for R costs

Bit rate <  105 b it/s  
C om m ands <  1000 
N o com m unications processing 
N o storage 
N o m em ory

so that:
T N W F  =  1.067

and:
T R W F  =  1.034 

therefore:
TN R  =  $948 000

and :

3.8.3

TR = $849 000

Structure sub-system cost (§ 3, A nnex 4-IV)

S N R  =  1.346 [759 +  6 6  (0.66) (SC P)] non-recurrent
S R  =  1.377 [2.4 +  7.5 (0.75) (SCP)] recurrent

where SC P  is the com bined weight o f the structure, therm al, and structural integration 
sub-systems =  169.3 lbs (76.8 kg)
therefore:

S N R  =  $3,649 m illion
S R  = $0,488 m illion

3.8.4 A ttitude control sub-system cost (§ 4, A nnex 4-IV)

A N R  =  A N W F  [734.9 +  79.9 (0.75) (ACP)] non-recurrent
A R  = A R W F [25 +  40.9 (0.8) (ACP)] recurrent

where A CP  is the com bined weight o f the propulsion hardw are and  attitude control 
sub-system =  146.5 lbs ( 6 6  kg).

A N W F  — 0.62 (C F  +  0.497) +  0.38
A R W F  =  0.50 (C F  + 0.296) +  0.50
The com plexity factors are:

N R
A L \  =  1 
A L 2  =  2 
A L 3  =  2

0.256
0.255
0.356
0.867

R
0.282
0.332
0.365
0.979

Inertial ^  
C losed loop 
<  1° pointing

C F (N R )  =  0.867 
C F (R )  =  0.979 

therefore:
A N W F  =  1.226 
A R W F  =  1.137

and
A N R  =  $5.03 m illion 
A R  = $2,547 m illion
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3.8.5 Electrical sub-system cost (§ 5, A nnex 4-IV)

E N R  =  440.3 +  2 (EC P2) +  E N W F  (E C P 3/20)  non-recurren t

E R  = 83.5 (E C P \ • ECP2) 0.21128 +  E R W F  (E C P 3/25)  recurrent

E N W F  = 0.56 (C F  +  1.132) +  0.44

E R W F  =  0.52 (C F  + 0.836) +  0.48

From  Table 4;X X IV , since BOL pow er is 1831 W 

C F (N R )  =  0.447 

C F (R ) =  4.945 

therefore:

E N W F  =  1.34

E R W F  = 3.486

E C P 1 is the sum o f the electrical sub-system and  electrical in tegration  sub-system weights =  251.2 lbs 
(113.8 kg).

ECP2  is the end o f life pow er requirem ent =  1831 W from  Fig. 4-25.

ECP3  is BOL pow er/0.23 (equation (54)) =  10 869 num ber o f cells, 

therefore:

E N R  =  $4,831 m illion

E R  =  $2,828 m illion

3.8.6 Spacecraft cost (§ 6 , A nnex 4-IV)

The spacecraft non-recurren t cost is 1.3 times the sum o f
follow ing sub-systems (in m illions (M) o f $):

Com m unications 11.03
TTC 0.948
Structural 3.649
A ttitude control 5.05
Electrical 4.831

Total 25.508 x 1.3 =  $33.16 m illion

(b) The first un it cost is 1.25 tim es the sum o f the recurrent costs o f the follow ing sub-system s (in
m illions (M) o f $):

Com m unications 3.9
TTC 0.849
Structural 0.488
A ttitude control 2.545
Electrical 2.828

Total 10.61 x 1.25 =  $13.2 m illion

(c) Prototype cost

=  1.25 (first unit cost)
=  1.25 (13.2)
=  $16.5 m illion

(d) Research and development (R&D) cost

=  Total non-recurrent cost — pro to type cost 
=  $33.16 m illion — $16.5 m illion 
=  $16.66 million

(e) Prototype refurbishment cost

=  0.2 (first unit cost) +  4.5 m illion 
=  0.2 (13.2 m illion) +  4.5 m illion 
=  $7.14 million

( f )  Flight model cost

=  (num ber o f spacecraft — 1) (first unit cost)
=  (1) (13.2)
=  $13.2 m illion

N um ber o f spacecraft =  one flight un it plus prototype =  2
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(g) In-orbit incentive cost

=  0 .2  (total non-recurrent cost +  flight m odel cost +  prototype refurbishm ent cost)
=  0.2 (33.16 +  13.2 +  7.14)
=  $10.7 m illion

(h) Total spacecraft cost

=  total non-recurren t cost +  flight model cost +  pro totype refurbishm ent cost +  in-orbit 
incentive cost 

=  33.16 +  13.2 +  7.14 +  10.7 
=  $64.1 m illion

Step 9 ,

3.9 Launch cost (§ 3.9, C hapter 4)

From  Step 7, the estim ated weight o f the spacecraft is 958 lbs (434.5 kg). The required launch vehicle is o f 
the D elta 3910 class. From  Table 4-X Ia the launch cost is $32.65 m illion.

— At this po in t the to tal cost (T )  o f  the spacecraft, launch and  receiving term inals can be com puted.

T  = 64.1 Spacecraft
32.65 Launch +  A K M  cost

6.58 Receiving term inals
$103.33 m illion +  A K M  cost

— This gives the cost for a system with e.i.r.p. =  55 dBW.

— N ext select a higher value o f G / T  since space segm ent cost is so m uch greater than ground segm ent cost.

— Reiterate the procedure from  Step 4 to get ano ther cost point.

— C ontinue until total cost stops falling.
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COM M UNICATION-SATELLITE SYSTEM S

1. Introduction

A lthough this report deals with broadcasting-satellite systems, it is also considered useful to  p rovide som e 
inform ation on telecom m unication satellites, due to certain sim ilarities in technology between the two types. 
Satellite networks have high operational flexibility and  they provide w ideband transm ission channels. A m ulti
purpose satellite m ay be used for both  broadcasting  and  com m unications.

2. Operational and traffic requirements

The use o f com m unication-satellite systems in the w orld telecom m unication  netw ork requires p lann ing  o f 
the type and volum e o f traffic (i.e. telephony, telegraphy, facsimile, data  transm ission, television, etc.) to  be 
accom m odated, the routing  o f traffic, probable locations and  capacities o f earth  stations, the in te rfe rence /com pati
bility and  the overall perform ance characteristics to be defined. The perform ance aspects o f telephony, telegraphy 
and  da ta  transm ission are m atters for the C C IT T  and  C C IR ; standards for the transm ission o f television and 
sound signals are dealt w ith by the CM TT, while assessm ent and forecast o f telecom m unication  traffic  and its 
routing  are m atters for the W orld P lan Com m ittee and the Regional P lan C om m ittees to exam ine.

Satellite com m unication netw orks such as IN TELSA T have m ade it possible for a w orld-w ide in te rnational 
te lecom m unication netw ork to expand  at an ever-increasing pace. This is dem onstrated  by the growth in 
telecom m unication capacity o f the IN TELSA T system from  the initial “ Early B ird” satellite (In te lsa t-I) in 1965 
which provided for 240 single destination  circuits between Europe and  N orth  A m erica to the presen t series o f 
Intelsat-V  satellites each capable o f providing 12 000 circuits for single a n d /o r  m ulti-destination  traffic plus two 
high quality  television channels. The first o f n ine p lanned  Intelsat-V  satellites was launched in 1980. C om m unica
tion satellites are no t only capable o f providing large groups o f trunk  circuits between m ajor traffic centres, bu t 
can also provide access to  rem ote points in the w orld, w ith a relatively low traffic  density.

The Regional and W orld Plan Com m ittee have considered p lans to  develop a w orld-w ide telephone 
netw ork em ploying both  sem i-autom atic and  fully autom atic operation . The in te rnational circuits required  for the 
p lan will link the national networks th roughout the w orld in a global te lecom m unication  netw ork. C om m unication  
satellites are im portan t contributions to  these facilities, especially in the linking o f very long in ternational circuits 
between continents. The program m e envisaged earlier by the C C ITT  is a series o f w orld sw itching centres, through 
which traffic is routed to its destination. C om m unication-satellite systems have m ade it possible to  by-pass m any 
o f these switching points, thus resulting in im provem ent in the noise perform ance. A t the sam e tim e the 
C C IT T /C C IR  have set up  requirem ents and lim its to be met by the com m unication-satellite facilities for this 
w orld-w ide service.

IN TELSA T has developed traffic m odels based upon requirem ents by type, path  and  loading and has 
proposed  plans to meet traffic requirem ents th rough the Intelsat-V  tim e fram e and  beyond. P lanning is already 
advancing for future high capacity satellites o f up  to  40 000 circuit capacity. C urrently , approxim ately  60% of the 
w orld’s in ternational trans-oceanic telecom m unications is carried via the IN T E L SA T  system.

Based on prelim inary analysis o f 1980 traffic data, the dem and for in te rnational satellite circuits is 
expected to rise from  approxim ately 15 000 circuits in 1980 to 30 000 circuits in 1984 in the A tlantic O cean region 
(average annual growth o f 19%), from  approxim ately  5000 to 9500 circuits in the Ind ian  O cean region (average 
annual growth o f 17.4%) and from  approxim ately 2500 to 5000 circuits in the Pacific O cean Region (average 
annual growth o f 19%). This represents an average total circuit growth from  22 500 circuits in 1980 to 
44 500 circuits by 1984 representing an average annual growth rate o f 18.6% [ITU, 1980]. This traffic is supported  
by a ground  segm ent consisting o f approxim ately 239 earth  stations com prising som e 295 antennas.

The em ploym ent o f frequency division m ultiple access (FD M A ) techniques for a large volum e o f 
pre-assigned traffic and the rise in use o f SPA D E on a dem and-assigned basis offer a very effective m eans o f 
achieving these objectives.

Terrestrial telecom m unication systems have an acceptable low probability  o f  lost calls on an econom ical 
basis only when they are heavily loaded. However, the com m unication-satellite system achieves the sam e grade o f 
service by establishing single or m ultiple circuits on dem and between any destination  in the system on a 
call-by-call (i.e. dem and) basis.
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3. Brief summary and references to relevant sections of the Radio Regulations and to Recommendations of the
CCIR and the CCITT

A definition for the hypothetical reference circuit fo r systems in the FSS em ploying analogue transm ission 
is given in R ecom m endation 352. The circuit can include one or m ore satellite-to-satellite links in the space 
po rtion  and, for earth  stations no t connected in  site diversity arrangem ent, will include one p a ir o f m odulation 
and  dem odulation  equipm ent for translation  from  baseband  to the radio-frequency carrier and  from  the 
radio-frequency carrier to  baseband  respectively.

The allow able noise-pow er in the basic hypothetical reference circuit for an active fixed-satellite system for 
frequency-division m ultiplex telephony is given in R ecom m endation 353.

A definition fo r a hypothetical reference digital path  for systems using digital transm ission in the 
fixed-satellite service is given in R ecom m endation 521. The digital path  m ay com prise one or m ore satellite-to- 
satellite links and, for earth  stations no t em ploying site diversity, includes a pair o f direct digital interface 
equipm ent, a pa ir o f m odem  equipm ent (including tim e division m ultiple access equipm ent, if  used), and  IF /R F  
equipm ent at the transm it and  receive earth  stations respectively for translating  from  baseband to a radio 
frequency and  vice versa.

The allow able bit erro r rates for the hypothetical reference digital path  for systems in the fixed-satellite 
service using pulse code m odulation  for telephony are given in R ecom m endation 522.

Perform ance standards for television circuits designed for use in in ternational connections are given in 
R ecom m endation 567.

The video-frequency bandw idth  and perm issible noise level in the hypothetical reference circuit for 
television signals in an active fixed-satellite system are given in R ecom m endation 354.

Frequency sharing between fixed-satellite systems and  terrestrial radio  services in the sam e frequency 
bands is dealt w ith in R ecom m endation 355.

The m axim um  allow able value o f  interference in a telephone channel o f  a fixed-satellite system, sharing 
the sam e frequency band  w ith line-of-sight radio-relay  systems, is given in R ecom m endation 356.

The m axim um  allow able value o f  interference in a telephone channel o f a radio-relay system sharing the 
sam e frequency band  as a fixed-satellite system is given in R ecom m endation 357.

The m axim um  allow able value o f pow er flux-density a t the surface o f the E arth  produced  by a fixed 
satellite in  the same frequency band  shared with line o f sight radio-relay  systems is laid dow n in Nos. 2557, 2562, 
2566, 2570, 2574, 2578 and  2582 o f the R adio Regulations.

The determ ination  o f coord ination  distance and  o f auxiliary contours for fixed-satellite systems and  
terrestrial radio-relay systems sharing the same frequency bands is described in A ppendix  28, Annexes I, II 
and  I II  to  the R adio Regulations.

R ecom m endation 446 stresses the necessity o f using carrier energy-dispersal techniques for fixed-satellite 
systems in the shared frequency bands, in those systems using frequency m odulation  or digital m odulation.

Reference rad ia tion  diagram s for the an tennas o f fixed-satellite earth  stations, for use in interference 
studies, are given in R ecom m endation 465 and  R eport 391.

The pre-em phasis and  de-em phasis characteristics for the fixed-satellite service, for telephony using 
frequency-m odulation , are given in R ecom m endation 464.

The pre-em phasis and  de-em phasis characteristics for a fixed-satellite service for television using frequency- 
m odu la tion  are set out in R ecom m endation 405.

O ut-of-band noise m easurem ent techniques (for telephony systems using frequency-division m ultiplex) 
during  actual traffic in the fixed-satellite service are laid  dow n in R ecom m endation 481.

C C IT T  R ecom m endation G.114 (Geneva, 1969) lays dow n the lim its for connections for m ean one-w ay 
propaga tion  time.

C C IT T  R ecom m endation G.222 (Geneva, 1969) lays dow n the noise objectives fo r design o f  carrier 
transm ission  of 2500 km.

C C IT T  R ecom m endation G.223 (Geneva, 1969) gives the assum ptions for calculation  o f noise in 
hypothetical reference circuits for telephony and  the loading factors to  be em ployed.

4. System figure o f merit ( G/ T)

The reception o f signals relayed from  an  orbiting or synchronous com m unication  satellite involves a 
p rob lem  o f sensitivity o f  a m agnitude no t encountered in conventional radio , television or trans-oceanic 
com m unications, m ainly due to the long distances involved and  to  the practical lim itations on the satellite 
transm it pow er capability.
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In a conventional system, the concepts o f noise figure and  noise tem perature are em pioyed to  determ ine 
the contribution  o f noise m ade by an am plifying system to a signal passing th rough  tha t system. It is not only 
sufficient to recover the in form ation , bu t a m inim um  quality m ust be met. In the event tha t the system sensitivity 
is less than  that required to provide a m inim al acceptable level o f perform ance for the received signal, norm ally 
specified as a desired signal-to-noise ratio , or in term s o f an effective erro r rate for digital signal transm ission, 
either the bandw idth  o f the m odulated  signal m ust be reduced resulting in a reduction  in channel capacity  or the 
satellite transm it pow er m ust be increased. The receive earth station sensitivity o r G / T  is norm ally  expressed in 
term s o f the ratio  o f effective an tenna gain with respect to a designated reference po in t (e.g. such as the inpu t 
flange o f the receive low noise am plifier), to the com posite noise figure o f the receive system referred to the sam e 
reference point. For exam ple IN TELSA T has set perform ance criteria in term s o f a G / T  recom m endation for 
three types of standard  high sensitivity earth  stations. The characteristics o f these earth  stations are discussed in 
§ 6.1.2 o f this C hapter.

5. Frequencies

5.1 Frequency allocations to the fixed-satellite service

The E xtraord inary  A dm inistrative R adio C onference (EARC) G eneva, 1963, was the first w orld  conference 
to incorporate allocations for space services. Since then two subsequent W orld A dm inistrative R adio  C onferences, 
the W ARC-ST-71, and m ost recently the W ARC-79, have revised these allocations adding new allocations with 
consequent changes in certain  existing allocations where necessary.

The bands allocated to  the fixed-satellite service are shared w ith other services in accordance with the 
present Radio R egulations (see Table 5-1):

The bands o f frequencies that are now being used for com m ercial com m unication  services are:

— 4 /6  G H z bands (3400-4200 M H z dow n link and  5725-7075 M Hz up  link).

These bands were the first to be used by in ternational and dom estic satellite systems. Except for the 
STA TSIO N A R  satellite netw ork, these systems presently operate in the 3700-4200 M H z dow n link and  
5925-6425 M H z up link portion  o f these bands. These bands are also allocated  to  the fixed and  m obile 
services. Line-of-sight radio-relay systems m ake extensive use o f these two bands, as these were allocated for 
long-distance radio-relay systems for national and  in ternational in ter-connection  p rio r to the advent o f 
satellite com m unications. The C C IR  has laid dow n recom m endations to  assist in effective use o f  these shared 
frequency bands.

— 11/14 G H z bands (10 700-11 700 M Hz dow n link and  14 000-14 500 M H z up link).

These bands are only com m encing to be used by IN TELSA T to provide in te rnational fixed satellite 
com m unications via Intelsat-V.

— 12/14 G H z bands (11 700-12 200 M Hz dow n link and 14 000-14 500 M H z up  link).

The 12 G H z dow n-link band  is allocated to  the fixed-satellite service in Region 2 and  on an  exclusive 
prim ary basis in N orth  America. D om estic satellite systems com m enced operation  in this ban d  on a 
com m ercial basis w ith the C anad ian  Anik-B satellite in early 1979 follow ed by the U nited S tates’ dom estic 
satellite system SBS in 1981.

A num ber o f other dom estic systems will soon start operation  or are p lanned  for this band.

Studies have been initiated in still higher frequency bands m ost notably  the 18-28 G H z band , to provide 
in form ation on their suitability.

5.2 Capacity o f  the various bands

So far, the capacity o f the bands .used in the fixed-satellite service was strongly influenced by the 
characteristics o f the satellites. The earlier series o f satellites were lim ited in bo th  pow er and  bandw idth . Three 
effective ways o f increasing satellite capacity  are to  add bandw idth  th rough the use o f new frequency bands or the 
re-use o f existing frequency bands through po larization  isolation or th rough spatial separation . All three 
techniques were em ployed to increase Intelsat-V  satellite capacity to  27 transponders and  a telecom m unications 
capacity o f approxim ately  12 000 two-way voice circuits plus two TV channels. Both 4 /6  G H z and  11/14 G H z 
bands will be used with spatial separation  applied  to both bands and  polarization  isolation to be used in the 
4 /6  G H z band  for a four-fold re-use o f this band. In com parison, Intelsat-IV -A  used 750 M H z o f equivalent 
bandw idth  whereas Intelsat-V  effectively uses 2137 M H z o f bandw idth.
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TABLE 5-1 -  Frequency bands allocated to the fixed-satellite service and shared with other services

Frequency
band Allocation (FSS) Comments

(MHz)

2500-2535 Down link (Region 3)
2500-2655 Down link (Region 2)
2655-2690 Down link/up link (Region 2)
2655-2690 Up link (Region 3)
3400-4200 Down link
4500-4800 Down link
5725-5850 Up link (Region 1)
5850-7075 Down link
7250-7750 Down link
7900-8400 Up link

(GHz)

10.7 - 11.7 Down link/up link (Region 1) 
Down link (Regions 2 and 3)

• Up link limited to feeder links for BSS

11.7 - 12.3 Down link (Region 2)
12.2 - 12.5 Down link (Region 3) Limited to national and sub-regional system
12.5 -12.75 Up link/down link (Region 1) 

Down link (Region 3)
12.7 - 12.75 Up link (Region 2)
12.75- 13.25 Up link
14.0 - 14.8 Up link 14.0-14.5 GHz may be used for 

feeder links for BSS by coordination

14.5-14.8 GHz:
limited to feeder links for BSS.

17.3 - 17.7 Up link 1
17.7 - 18.1 Down link/up link f Up links limited to feeder links for BSS

18.1 - 21.2 Down link
27.0 - 27.5 Up link (Regions 2 and 3)
27.5 - 31.0 Up link
37.5 - 40.5 Down link
42.5 - 43.5 Up link
47.2 - 50.2 Up link
50.4 - 51.4 Up link
71.0 - 75.5 Up link
81.0 - 84.0 Down link
92.0 - 95.0 Up link

102.0 -105.0 Down link
149.0 -164.0 Down link
202.0 -217.0 Up link
231.0 -241.0 Down link
265.0 -275.0 Up link

5.3 Flux density considerations

In  frequency bands shared between com m unication satellites and  analogue angle m odulated  terrestrial 
rad io-relay  systems 1000 pWOp out o f  the total 7500 pWOp noise o f a 2500 km hypothetical reference circuit o f a 
terrestrial link has been allocated for interference, due to  the aggregate o f earth  stations as well as the space 
segm ent o f fixed-satellite systems.

The criteria for allocating interference from  fixed-satellite systems into terrestrial radio-relay  systems 
em ploying digital m odulation  is quite d ifferent w ith the contro lling  factor being the effect, on the bit erro r rate, o f 
the system for a specified percentage o f the tim e. However, lim its on the allow able contribu tion  rem ain to  be 
allocated.

The limits for m axim um  pow er flux-density as laid dow n in the R adio R egulations as a function  o f 
frequency, are shown in Table 5 -II.
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W hen the pow er flux-density lim its given for the 3-8 G H z frequency range are translated  in to  term s o f 
m axim um  e.i.r.p. from  the satellite, assum ing free-space loss conditions only, a figure o f +11 .5  dB (W /4  kH z) is 
obtained at the horizon, increasing to a m axim um  value o f + 2 0  dB (W /4  kHz) at the sub-satellite point. However, 
during m ost o f the tim e the total energy from  the satellite is no t concentrated  in any  particu lar 4 kH z band  bu t is 
spread over the bandw idth  o f the transponder, in a m anner dependent on the m ethod o f m odulation . Thus, under 
full load conditions, and, assum ing w ide-deviation frequency m odulation , the to ta l e.i.r.p. is d istributed  over the 
bandw idth  o f the transponder in a G aussian fashion with a peak at the centre frequency (R eport 384). F or a 
typical 40 M Hz transponder, this spreading reduces the effective flux density at the centre frequency by abou t 
36 dB. Thus, assum ing that full-load conditions prevail at all tim es, an  e.i.r.p. o f + 47 .5  dBW  at the horizon w ould 
be perm issible for every 40 M Hz carrier. However, for both telephony and television, fu ll-load conditions do no t 
prevail all the time. A rtificial energy dispersal is, therefore, resorted to , under conditions o f light loading. U sing 
optim um  techniques, it is possible to  achieve a flux density which is not m ore than  3.0 dB higher than tha t 
ob tained with full load (R eport 384). Thus, a m axim um  e.i.r.p. o f +44 .5  dBW  is technically  perm issible.

The highest e.i.r.p. for any com m ercial operational fixed satellite in 1981 falls short o f this figure. The 
above lim itation on flux density therefore has not, so far, been a real h indrance. H ow ever, w ith progress in 
on-board  pow er generating capacities and  the use o f narrow -beam  antennas as m entioned earlier, values o f e.i.r.p. 
higher than  those perm issible are well w ithin the capabilities o f  satellite designers.

TABLE 5-II -  Limits o f  power flux-density

Frequency range 
(GHz)

Limit of power flux-density 
(dB (W /m2))

0 sg 5° 5° < 0 *= 25° 25° < 0 $  90°
Reference
bandwidth

1.7- 2.5 -  154 -1 5 4  + 0.5 (0 -5 ) -  144
2.5- 2.69 -  152 -  152 + 0.75 (0 -5 ) -  137 in any
3 - 8 -  152 -1 5 2  + 0.5 (0 -5 ) -  142 4 kHz
8 -11.7 -  150 -1 5 0  + 0.5 (0 -5 ) -  140 band

11.7-15.4 -  148 -1 4 8  + 0.5 (0 -5 ) -  138

15.4-23 -  115 '-1 1 5  + 0.5 (0 -5 ) -  105 in any 1 MHz band

Note. -  0 is the angle of arrival of the wave (degrees above the.horizontal).

6. International systems

6.1 IN T E L S A T  system

6.1.1 Space segment

The characteristics o f the space segm ent for the IN TELSA T series o f satellites are show n in 
Table 5-IV.

Intelsat-I, II and  III satellites have been fully described in the literature. The Intelsat-IV  satellite 
series, com m issioned in M arch, 1971, provide a m uch larger capacity  with 12 transponders. A to tal 
capacity o f 3000 to 9000 high quality two-way voice circuits o r 12 television channels is possible. There are 
two global transm itting an tennas and  two steerable spot-beam  an tennas each with beam w idths o f  4.5°. The 
two so-called “spo t” beam s may be used to illum inate relatively small selected areas o f  the E arth  as visible 
from  an in-orbit spacecraft and  a “global” beam  illum inates the whole o f  the visible portion  o f  the Earth. 
I f  these “spo t” beam s (with a higher e.i.r.p. than global beam s) are directed tow ards an area o f  m axim um  
traffic density, the result is approxim ately to double the num ber o f circuits th a t can be ob ta ined  relative to 
that o f a sim ilar transponder associated with a “g lobal” beam  an tenna. The spot beam  feed horns can be 
m oved m echanically under com m and from  the ground, so tha t the area illum inated  by them  m ay be 
changed.
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As can be seen from  Table 5-IV, Intelsat-IV -A  is a larger and  higher capacity version of
Intelsat-IV . D etails o f  Intelsat-IV-A  are to  be found in [ITU, 1975].

The Intelsat-V  is the latest and  largest o f the In telsat series o f satellites to be deployed. The first
satellite was launched in Decem ber, 1980 and  located at 338.5° E longitude over the A tlantic Ocean. N ine
Intelsat-V  spacecraft are p lanned  to be built and  pu t into service. Some o f its m ajor techn ical/operational
characteristics are [Edelson et al., 1977; Rusch et al., 1978]:

— a num ber o f transm it beam  configurations consisting o f a global, two hem ispheric, and  two zonal or 
regional beam s at 6 /4  G H z and  two spot beam s at 14/11 GHz. The zonal and  hem ispheric beam s 
em ploy beam  shaping to  minim ize pow er requirem ents and  im prove the spatial isolation to perm it 
frequency re-use;

— dual orthogonal circular po larization  em ployed at 6 /4  G H z and linear po larization  at 14/11 G H z;

— four-fold frequency re-use obtainable at 6 /4  G H z by taking advantage o f  the spatial isolation afforded
by the shaped beam s and  the orthogonal polarization  iso lation;

— 21 transponders at 6 /4  G H z ranging in bandw idth  from  36 to  77 M H z for a to tal usable bandw idth  o f 
1357 M H z;

6  transponders at 14/11 G H z ranging in bandw idth  from  72 to 241 M H z for a to tal usable bandw idth  
o f 780 M Hz;

— cross-strapping arrangem ents perm it in terconnection  o f 14/4  G H z and  6/11 G H z links on board  the 
satellite to  meet varying traffic dem ands;

— a to ta l capacity per satellite o f 12 000 tw o-way telephone circuits plus two TV channels.

The later versions o f Intelsat-Vs scheduled to  be launched in 1982/83 will be equipped to  provide 
lim ited m aritim e com m unication  capability  (ship-to-shore-to-ship).

Further details are given in Table 5-IV and in the references cited above.

6.1.2 Ground segment

The ground segm ent for the com m unication-satellite service o f IN T E L SA T  consists o f three 
standard  types o f  earth  stations for operation  w ith the In telsat series o f satellites. The S tandard  A and  B 
type stations operate exclusively in  the 6 /4  G H z bands while the S tandard  C type station  operates in the 
14/11 G H z bands w ith Intelsat-V  satellites.

Table 5-III sum m arizes the m ajor characteristics o f  the three types o f  standard  IN TELSA T earth
station.

TABLE 5-111 -  Major characteristics o f  INTELSAT earth stations

Characteristics
Station type

Standard A Standard B Standard C

Frequency band 
(receive/transmit) (GHz)

Antenna diameter (m)

G /T  (dB(K ~')) 
(/(GHz))

4/6 

29-32 

40.7 + 10 log (f/A)

4/6  

11-13 

31.7 + 10 log (f/A)

11/14

16 (typical)

39 + 10 log (/711.2) 
(typical)!1)

(') For the Standard C the G / T  is specified in terms of 39 dB (K ') plus attenuation and noise temperature 
increases that are predicted for a specified percentage of the time.
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TABLE 5-IV -  Characteristics o f  Intelsat satellites

Satellite Intelsat-1 Intelsat-II Intelsat-III Intelsat-IV Intelsat-lV-A Intelsat-V*

Launch weight (kg) 68 118 288 1112 1515 1870

In-orbit weight (kg) 39 83 127 700 826 1020

Diameter (cm) 73 142 142 240 238

Height (cm) 59 67 104 530 699

TWT power output (W) 1 x 6 3 x 6 2 x 1 1 12 x 6.3 4 X 6.3 
16 x 5.0

Redundancy Spare TWT 
Spare 

receiver

Spare TWT 
Spare 

receiver

No TWT 
spare

Spare TWT. 
Triple 

redundant 
front end

Double 
redundant 
receivers. 
No TWT 

redundancy

Available d.c. power (W) 45 81 106 565 600 1200

E.i.r.p. (dBW) 13 15.5 25.8 26.0(')
37.0(2)

2 6 .0 0
3 2 .0 0

(4)

Beamwidth (degrees) omni toroidal global 1 6 0
4 .5 0

1 6 0  
4 x 14(3)

O

Transponders 2 1 2 12 20 (27 independent)

Bandwidth per transponder (MHz) 25 125 225 36 36 O
Total usable bandwidth (MHz) 50 125 450 432 720 2137

Polarization linear linear circular circular circular circular and 
linear

Voice circuit channel capacity 240 240 1200 4500 O 6500 O 12 000 O
First launch of series April, January, December, March, September, December,

1965 1967 1968 1971 1975 1980

* 3-axis stabilized.
(’) Refers to global coverage antenna.
(2) Refers to narrow beam antenna.

Refer to the on-axis main lobe power for a single carrier saturated condition for each repeater. 
O  Hemispheric West and hemispheric East beams.
(4) Global 23.5 and 26.5 dBW.

Hemispheric 26.0 and 29.0 dBW.
Zone 29 dBW.
Spot 41.4 (East) and 44.4 (West).

(5) Global (receive/transmit) 22°/18°.
Hemispheric -  shaped.
Zonal -  shaped.
Spot -  1.6° (East); 1.8 x 3.2 (West) (transmit and receive).

(6) Global (6/4) 2-36 MHz, 1.41 MHz (1-36 MHz and 1-72 MHz shared with hemispheric).
Hemispheric (6/4) 6-72 MHz, 2-77 MHz, 2-36 MHz.
Zone (6/4) 8-72 MHz.
Spot (6/4) 2-77 MHz, 2-72 MHz, 2-241 MHz.

(7) Dedicated transponders for television not included.

The earth  station  m ainly consists o f a high sensitivity, high-gain fully steerable C assegrain an tenna 
w ith a diam eter ranging from  11 to 32 m depending on the type o f earth  station , w ith its feed arranged  for 
transm ission o f 6  a n d /o r  14 G H z signals from  the station and  for reception o f 4 a n d /o r  11 G H z signals 
from  the satellite.

S tandard  type A and  type B stations which p lan  to operate  with Intelsat-V  m ust be equipped  with 
a dual o rthogonal polarized transm it and  receive feed system.
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The an tenna is capable o f m anual and  auto-track operation.

The pow er am plifier could be o f the travelling-w ave type having the entire bandw idth  o f 500 M Hz 
fo r transm ission o f telephony and television or with klystron pow er am plifiers tunable over the 500 M Hz 
bandw idth , with telephony and  television transm issions using individual pow er am plifiers.

The transm itting  chain consists o f a baseband am plifier, an interm ediate-frequency am plifier and a 
m odulator, an up-converter for each and  an exciter for each chain.

The receiving system consists o f a low noise am plifier with an instantaneous bandw idth  of 
500 M Hz in the 4 G H z band , followed by a chain o f am plifiers, a set o f frequency dividers, the ou tpu t of 
each of which is dow n-converted, dem odulated  with the help o f threshold extension devices to baseband 
and  is fed on to the m ultiplex term inal for fu rther signal processing.

IN TELSA T systems are currently operating  with an overall availability better than  99.8% and 
current technical im provem ents in earth-station  equipm ent may raise this figure even closer to 1 0 0 %.

By year end 1980, the ground segm ent o f IN TELSA T consisted o f 295 an tennas a t 239 earth 
stations located in some 131 countries and  territories.

6.2 IN T E R S P U T N IK  [ITU, 1980; Borodich et al., 1978] (R eport 207)

The in ternational com m unication satellite system IN T E R S P U T N IK  is in tended for television, telegraph 
and  facsimile com m unications and also for the exchange o f radio  and television broadcasting program m es 
between the participating  countries. The system was set up  in 1971 by an inter-governm ental agreem ent between 
nine m em ber Socialist countries. A t present there are ten m em ber countries of IN T E R S P U T N IK . The system has 
been in regular operation  since N ovem ber, 1973 with the bringing into service o f earth  stations in the U.S.S.R. 
and  Cuba.

IN T E R S P U T N IK  leases transponders on satellites belonging to the U.S.S.R. U p until 1980 all the stations 
operated  w ith M oln iya-III type satellites with the follow ing param eters:

Orbit (elliptical)

— inclination

— apogee

— perigee

— period

Frequency band

— transm it 3650-3900 M Hz

— receive 5975-6225 M Hz

— total peak pow er 30 W

— m axim um  an tenna gain 17.3 dB

The m ain feature o f the service area provided by the M olniya satellites is that points in the northern  
hem isphere 180° apart can be linked up (for exam ple, C uba and  M ongolia).

W ith the launching and  bringing into service o f the S tatsionar type satellites in the 1978-79 tim e period the 
IN T E R S P U T N IK  stations have transferred  to operate with these geostationary satellites. As one o f the ten 
m em ber countries o f IN T E R S P U T N IK , the U.S.S.R. leased six transponders on the G orizont satellite in the 
A tlantic Ocean region to the organization  with a further two transponders leased on the G orizont satellite serving 
the Ind ian  Ocean region. The transfer to the S tatsionar satellites has led to an  increase in the num ber of 
in ternational transm issions.

The earth stations used in the IN T E R S P U T N IK  system have the following param eters:

— total peak pow er 2 to 6  kW

— an tenna gain:
— transm itting  54.8 dB

— receiving 51.9 dB

— system noise tem perature 100 K

Frequency m odulation  is used for colour television broadcasting  by the SEC A M -III-B  system. The 
accom panying sound is broadcast by two different m ethods, tim e and  frequency division m ultiplexing o f the 
television channel. W ith TD M  the sound signals are converted into a sequence o f duration-m odulated  pulses 
located in the line-blanking intervals. W ith FD M  o f the television channel, the sound signal is organized by m eans 
o f an FM sub-carrier above the television signal spectrum  (7.5 MHz).

63° ±  2° 

40 000 km 

500 km 

12  hours
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For telephone com m unications, frequency m odulation  is used w ith each carrier m odulated  by a single 
telephone channel (SCPC).

The quality standards o f the telephone and  television channels are in keeping with C C IR  and  C C IT T  
R ecom m endations.

7. Regional systems

7.1 M O L N IY A -1  system  [Fortushenko, 1965; Sviazizdat, 1965]

7.1.1 Space segment

The First satellite M olniya-1 was launched in an elliptical orb it on 23 A pril, 1965.

Spacecraft and initial orbit data

A ltitude o f apogee (km) 40 000 (above N orthern  hem isphere)

A ltitude o f perigee (km) 500 (above Southern hem isphere)

Inclination  65°

A pproxim ate period 12 h

Transm itter pow er ou tpu t 40 W

Satellite an tenna gain 18 dB

(the an tenna is autom atically  directed tow ards the Earth).

7.1.2 Ground segment

There are stations in M oscow and  V ladivostok, separated  by distances of abou t 7000 km. These 
stations have the follow ing technical characteristics:

T ransm itter 5 kW

N oise tem perature o f the receiving
system (with an tenna noise) 230 K

Type o f operation  television, m ulti-channel telephony, telegraphy and
facsim ile services.

7.1.3 Experimental results

A large num ber o f experim ental and  com m ercial te lephone calls were m ade from  M oscow to 
V ladivostok and  vice versa.

The quality o f the com m unication service was good. Transm ission delay gave rise to no  significant 
degradation.

M onochrom e television transm ission quality was adequate.

C olour television transm issions were m ade using the S E C A M -III system from  M oscow to Paris, 
and  sim ilarly from  Paris to  M oscow, th rough  earth  stations near M oscow  and  P leum eur-B odou (ap p ro 
priate m odifications were m ade to the equipm ent at P leum eur-B odou). The transm ission show ed quite 
satisfactory results.

7.2 O R BITA  distribution system  [Talizin et al., 1967]

7.2.1 System  description

The O R B ITA  distribu tion  system is used for the transm ission o f  central television program m es. It 
consists o f one transm itting  station, situated near M oscow, and  a large num ber o f receiving stations, 
located at distances o f 3000-7000 km, over all the territory o f the Soviet U nion. Sound transm ission is 
carried out by m eans o f a special system o f pulse-duration  m odulation  w ithin the lim its o f the back porch 
o f the line-blanking pulses. The O RB ITA  system perm its the transm ission o f colour television program m es 
using the SECAM  system together with sound by m eans o f  the above-m entioned m ethod, as well as 
new spaper pages and  central b roadcasting  program m es either instead o f the television signal o r sim ul
taneously with it.

7.2.2 Satellites

M olniya-1 satellites are used in the O R B ITA  system; their param eters are given above.
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7.2.3 Earth stations

Earth stations have the follow ing param eters:

O utput pow er o f the transm itter 5 to 10 kW

D iam eter o f transm itting  an tenna 25 to 12 m

Noise tem perature o f the receiver
(with an tenna noise) 100 K

D iam eter o f receiving an tenna 12 m with an effective aperture o f 79 m 2

7.2.4 Results

The O R B ITA  system has been in regular operation  since N ovem ber, 1967. The num ber o f receiving 
stations in 1969 exceeded 30 and  new stations are under construction.

Q ualitative indices o f television im ages at the ou tpu t o f the receiving earth station meet C C IR  
standards, except tha t o f weighted r.m.s. noise which, in relation to the peak-to-peak video signal, is 
between 45 and 48 dB.

7.3 M O L N IY A -II  system

At present, the M O L N IY A -II satellite system is in regular operation  providing com m unication in the 4 
and  6  G H z bands.

The first M olniya-II satellite was launched into a high elliptical orbit in 1971 to d istribute colour and 
m onochrom e television program m es to  the O RB ITA -2 netw ork and  to  transm it sound broadcasting  program m es; 
it also provides m ulti-channel telephony in the m ultip le access m ode and other types o f message transm issions 
th roughou t the U.S.S.R. Q uality param eters o f the system conform  to the app rop ria te  C C IR  R ecom m endations.

7.3.1 Satellites

Characteristics o f the satellites in the M O L N IY A -II system are sim ilar to those given for 
M O LN IY A -I.

7.3.2 Earth stations

In 1974, this system included 45 earth  stations. The earth  stations have the same characteristics as 
those given for the M O LN IY A -I earth  stations, and are designed to operate with satellites in both the 
elliptical and  the geostationary-satellite orbit.

7.4 Satellite television distribution system  M O SK V A  [K antor et al., 1980]

The satellite system M OSKVA is designed for television d istribution in the territory o f the U.S.S.R. The 
system is essentially a d istribution  type system for television program m es. However, in rem ote areas with very 
sparse population , the system is used for com m unity reception and  viewing o f program m es. The service area o f 
the M OSK V A  system is sm all, covering the territory  o f 2-3 tim e zones in the U rals, Volga and  C entral Asia 
regions. The small dim ensions o f the service area are due to  the use o f a narrow -beam  satellite transm itting  
an ten n a  w ith an aperture o f 5° x 5°. The system uses a transm itting  earth  station with a 12 m diam eter an tenna, 
one o f the satellite channels o f S tatsionar- 6  and  sim plified receiving earth  stations with 2.5 m diam eter antennas 
designed for com m unity reception.

To im prove the conditions o f electrom agnetic com patibility with terrestrial and satellite systems and  to 
m eet the standard  for pow er flux-density on the E arth ’s surface, the M OSKVA system uses an energy dispersal 
m ethod which reduces the spectral pow er density to  the perm itted value. D ispersal is effected by adding  to  the 
video signal a triangular signal w ith a frequency o f 2.5 Hz. The sm all size o f the receiving station considerably 
sim plifies the licensing problem  in view o f the possibility o f using the screening properties o f natural obstacles, 
build ings and  other structures.

The m ain param eters o f the M OSKVA system are given in the follow ing sections.

7.4.1 Characteristics o f  the satellite network in the Earth-to-space direction

C entre frequency 

R F  bandw idth

Earth station transm itting  an tenna gain 

Satellite receiving an tenna gain 

Receiving space station  noise tem perature 

Peak frequency deviation

Peak frequency deviation due to energy dispersal signal

6000 M H z 

34 M H z 

55 dB 

19 dB 

2500 K 

±  15 M H z 

±  4 M Hz
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Characteristics o f  the satellite network in the space-to-Earth direction

C entre frequency 3675 M H z

R F  bandw idth 34 M Hz

Peak pow er o f satellite transm itter fed to  satellite an tenna 40 W

Satellite transm itting  an tenna gain 30 dB

E arth  station receiving an tenna gain 37.5 dB
Receiving earth  station noise tem perature 2 0 0  K

Video signal-to-noise ratio 53 dB

8. Domestic systems

A num ber o f dom estic satellite systems have been pu t into operation , beginning with the C anad ian  
TELESA T system in 1973, the U nited States’ W ESTAR system in 1974, the U nited  States’ SATCOM  system 
in 1975 and the U nited States’ C O M STA R  system in 1976.

A sum m ary o f the characteristics o f these and other dom estic systems in operation  or soon to  be in 
operation  is given in this section.

8.1 S B T S  (Brazil) [Em bratel, 1980]

8.1.1 System  description

The Brazilian satellite telecom m unications system (SBTS) is based on u tilization  o f leased 
Intelsat-IV -A  F2 space segm ent capacity (see § 8.7 o f this C hapter). The system is used for the d istribu tion  
o f television, telephony and data traffic, em ploying F D M -FM  and  S C P C /F M  access/m odu lation  techn i
ques with transm it/receive earth  stations at eighteen locations w ithin the country  since 1981.

8.1.2 Space segment

The system leases four hem ispheric beam  transponders on the Intelsat-IV -A  F2 (A tlantic 3) satellite 
(transponders 5, 7, 9 and 11) with an estim ate o f five transponders required  by year end 1982. Further 
in form ation  on this type o f satellite is provided in Table 5-IV.

8.1.3 Ground segment

The earth station segm ent is com prised o f one 15 m station designated TN 3, and the rem aining 
stations with 10 m diam eter antennas. As o f 1981 all but one o f the earth  stations provided transm it and 
receive capability  with the station at C am po G rande used for receiving TV only.

TABLE 5-V -  Major characteristics o f  SBTS earth stations

Main axis gain (dB)
Earth Antenna

station diameter (m)
6 GHz 4 GHz

G /T  (dB(K_ '))

TN3 15 57.4 54.2 > 35.0 + 20 lo g //4 ( ')
Others 10 53.4 50.7 > 31.0 + 20 log//4(>)

( ') /:  frequency (GHz).

8.2 A N  IK  system  (Canada)

8.2.1 System  description

The C anadian  dom estic satellite system is owned and operated  by Telesat C anada  for the purpose 
o f providing reliable high-quality radio com m unication services to  all parts o f C anada.

The C anadian  system is com prised of three 6 /4  G H z satellite netw orks and  three 14/12 G H z 
satellite networks. The 6 /4  G H z satellites are located at 104° W, 109° W and  114° W longitude while orbit 
positions at 109° W, 112.5° W and 116° W longitude will be used for 14/12 G H z satellites. The nom inal 
station-keeping tolerance for all satellites is ±  0 .1°.
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The m axim um  gross capacity o f  the TELESA T 6 /4  G H z satellite networks is 34 560 telephone 
sim plex channels fo r the Anik-A  and  B type satellites which increases to 95 040 telephone channels when 
the capacity o f the A nik-D  type satellite (6 /4  G H z) is included. The 14/12 G H z A nik-C satellites, the first 
o f  which com m enced operation  in early 1983, have a gross capacity o f 64 512 telephone channels.

Both analogue and digital m odulation  techniques are used in the TELESA T system. A nalogue 
frequency m odulation  is used with baseband  capacities ranging from  12 to 1320 telephone channels or one 
television signal w ith its associated audio  and  cue /con tro l channels. The capacities o f the 2d) and  4d)-PSK 
digitally m odulated R F  carriers range from  1 to  300 telephone channels.

The m ultiple access techniques used in the TELESA T system include both  frequency division 
m ultiple access (FD M A ) and  tim e division m ultiple access (TD M A ), with the form er predom inating  at the 
present time.

The bandw idths, earth  station e.i.r.p.s and satellite e.i.r.p.s o f typical R F  carriers in the TELESAT 
system are given in Tables 5-VI and 5-VII for the 6 /4  G H z and 14/12 G H z bands respectively.

8.2.2 Space segment

The characteristics o f the TELESA T Anik-A, Anik-B and A nik-D  6 /4  G H z satellites are sum 
m arized in Table 5-VIII. Table 5-IX provides the characteristics o f the TELESA T Anik-B and Anik-C 
14/12 G H z satellites.

8.2.3 Ground segment

The num ber o f earth  stations in operation in 1981 in the TELESA T system was about 200 at 
6 /4  G H Z  and 150 at 14/12 GHz.

Tables 5-X and  5-XI provide data  on  earth station an tenna sizes, gains, system noise tem peratures 
and  the m axim um  e.i.r.p.s used at 6 /4  G H z and 14/12 G H z respectively. The rad ia tion  patterns for 
TELESA T earth station antennas generally conform  with the reference pattern  o f G =  32 — 25 log cp of 
R ecom m endation 465.

TABLE 5-VI -  TELESAT 6/4 GHz RF carrier transmission parameters

Carrier
Band
width
(kHz)

E.i.r.p. (dBW)

Earth
station Satellite

TV 36 000 81.0 36.0
1320 VC(') 36 000 82.0 36.0
TDMA(2) 33 000 79.0 35.5
360 VC 15 000 68.5 29.5
Radio 200 65.0 16.0
SCPC(3) 2 4 ) - A 44 45.7 4.2
SCPC 24)- B 44 50.1 8.6
SCPC 24)- C 44 52.5 11.0
SCPC 44) -  A 22 45.7 4.2
SCPC 44)- B 22 50.1 8.6
SCPC 44) -  C 22 52.5 11.0

■ 108 VC 7 500 67.1 26.2
12 VC 2 500 60.8 19.4

6.3 Mbit/s 6 100 61.8 20.6
4.2 Mbit/s 3 500 60.6 21.7

(') VC: voice channels.
(2) TDMA: time division multiple access.
(3) SCPC: sirtgle-channel-per-carrier.
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TABLE 5-VII -  TELESAT 14/12 GHz RF carrier transmission parameters

Bandwidth
(kHz)

E.i.r.p. (dBW)

Carrier
Earth

station Satellite

91 Mbit/s 50 000 83.0 48.0
TV (half transponder) 27 000 77.0 43.0(')
TV (half transponder) 27 000 77.0 40.0(2)

(') Spot beam; coverage: */4 Canada.
(2) Regional beam; coverage: */2 Canada.

TABLE 5-VIII -  Characteristics o f  Telesat 6 /4  GHz satellites

Usage

Anik-A Anik-B Anik-D

Domestic Domestic Domestic

Satellite channels 
number 12 12 24
bandwidth (MHz) 36 36 36
e.i.r.p. (max.) (dBW) 36 39 39

Transmit antenna gain (max.) (dB) 30 30 30

Receive antenna gain (max.) (dB) 29 29 29
Noise temperature, T(K) 2000 1780 1000

Pointing tolerances (degrees) ± 0.5 ± 0.2 ± 0.2

Polarization Single, linear Single, linear Dual, linear

Beam shaping Yes Yes Yes

Frequency re-use None None Dual polarization

Expected satellite life (years) 7 7 10

Single/multiple band Single Multiple Single

Launch date for first satellite of each series 1972 1978 1982
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TABLE 5-IX -  Characteristics o f  Telesat 14/12 GHz satellites

Usage

Anik-B Anik-C

Domestic Domestic

Satellite channels 
number 6 16
bandwidth (MHz) 72 54
e.i.r.p. (max.) (dBW) 50 51

Transmit antenna gain (edge of coverage area) (dB) 39 40

Receive antenna gain (max.) (dB) 32 37
Noise temperature, T(K) 1080 1250

Pointing tolerances (degrees) ±0 .15 ± 0.025

Polarization Single, linear Dual, linear

Beam shaping Yes Yes

Frequency re-use None Dual polarization

Expected satellite life (years) 7 10

Single/multiple band Multiple Single

Launch date for first satellite of each series 1978 1982

TABLE 5-X -  6/4 GHz earth station parameters

Antenna
diameter

(m)

Gain (dB)
System noise 

temperature (K) Maximum
e.i.r.p.
(dBW)

Transmit Receive Minimum Maximum

30 63.0 59.5 140 83.0
10 53.5 50.5 80 140 83.0
8 52.0 48.5 140 445 82.0
4.6 46.5 43.7 175 — 72.0
3.7 43.1 41.5 175 — 55.1
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TABLE 5-XI -  14/12 GHz earth station parameters

Antenna
diameter

(m)

Gain (dB)
System noise 

temperature (K) Maximum
e.i.r.p.
(dBW)

Transmit Receive Minimum Maximum

8 59.0 57.0 158 83.0
4.6 54.5 52.8 418 — 79.0
1.8 — 44.5 600 . — —

1.2 — 41.0 600 —

8.3 TELEC O M -1 (France) [ITU, 1980]

In  1979, the French G overnm ent decided to introduce a satellite te lecom m unication system referred to  as 
TELECO M -1.

The First operational satellite was scheduled to  be launched late in  1982 w ith a reserve satellite launched in 
the spring o f 1983.

The system was scheduled to com m ence operation  by m id -1983.

The system will perform  two m ain tasks:

— set up  com pany intra-links providing w ide-band, high speed digital links betw een the various sectors o f the 
enterprise. Six transponders in the 14/12 G H z bands will be used for this pu rpose em ploying T D M A  access 
technique and  small earth  stations about 3 m in diam eter;

— establish links with overseas departm ents routing telecom m unication traffic between m etropolitan  F rance and  
the F rench overseas departm ents. F our transponders operating  in the 6 /4  G H z bands are p lanned  to  provide 
this service.

8.4 IN S A T - l (India)

8.4.1 System  description

The Ind ian  N ational Satellite System, IN S A T -l, is a m ultipurpose system. It is p lanned  to provide 
dom estic telecom m unication, m eteorological, direct-TV broadcasting  (com m unity reception), radio 
netw orking and  disaster w arning services. The system consists o f  two identical satellites positioned in the 
geostationary  orbit, IN SA T-l A at 74° E ±  0.1 and INSAT-1B at 94° E ±  0.1 with the needed capability  
for all these services, together with m atching facilities on the ground. IN SA T-1A  was launched in 1982. 
IN S A T -lB  is program m ed to be launched in 1983. The principal elem ents o f the space and  ground 
segm ents are given below.

8.4.2 Space segment

— Twelve, 36 M H z wide telecom m unication channels operating  in 5935-6425 M H z (E arth-to -sate llite)/ 
3710-4200 M Hz (satellite-to-Earth) frequency bands with 32 dBW  (m inim um ), end o f life (EOL) 
equivalent isotropic radiated  pow er (e.i.r.p.) over the prim ary coverage area.

— Two, 36 M Hz wide direct TV broadcast channels in 5855-5935 M H z (Earth-to-satellite)/2555-
2635 M Hz (satellite-to-Earth) frequency bands with 42 dBW  (m inim um ) EOL e.i.r.p. each over the
prim ary coverage area.

— A very high resolution radiom eter (VH R R) to  operate in visible (0.55-0.75 pm ) and  infra-red
(10.5-12.5 pm ) channels with m inim um  resolution o f  2.75 km and 11 km respectively and  full earth
coverage full-fram e image every 30 m inutes, w ith op tion  for sector scan under com m and. A ssociated 
d a ta  channel (800 kH z wide) at 4034.55 M Hz (satellite-to-Earth).

— A data  channel (200 kH z wide) operating  at 402.75 M Hz (Earth-to-satellite)/4038.1 M Hz (satellite-to- 
Earth) for relay of m eteorological, hydrological and oceanographic data  from  unattended  land and  
ocean-based data collection platform s (DCPs) to a central location.

— M aster control station on ground for tracking, te lecom m and/te lem etry  and  control.
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8.4.3.1 Telecommunications

— Five large earth stations (31.7 dB (K -1));
— thirteen m edium  earth stations (25.7 dB (K -1));
— * eleven rem ote area term inals (19.7 d B (K -1));
— * four road transportab le  term inals (19.7 dB (K ~ '));
— * two jeep transpo rtab le /a ir-liftab le  em ergency com m unication  term inals (19.7 or 17.5 dB (K -1))

8.4.3.2 M eteorology

— A M eteorological D ata U tilisation C entre (M D U C ) for processing V H R R  and D C P data;

— about 100 data  collection p latform s (D C Ps) deployed all over the country, including some over ocean 
areas; and

— disaster w arning receivers (for low level injected carrier in the 2.5 G H z band).

8 .4.3.3 Broadcasting

— Earth-to-satellite channels (com bined with telecom m unication  earth stations);

— direct reception television receivers: G / T  =  8.2 dB (K _1) (3.6 m diam eter)

— receive only term inals for rad io  program m e 
netw orking (low level injected carrier in the 2.5 G H z
band): G / T  = 9 dB (K _1) (3.6 m diam eter)

8.5 PA LA PA (Indonesia) [ITU, 1980]

8.5.1 System  description

The Indonesian  system (SKSD) consists o f two satellites with 12 transponders each and  40 earth 
stations having 10 m antennas. The system com m enced operation  in August, 1976.

In 1979 action was taken to expand  and consolidate utilization o f the system by:

— installing additional sm all term inals;
— re-allocation and  provision for new FD M  equipm ent;
— negotiating agreem ents with other A SEAN countries (Philippines, T hailand  and  M alaysia) to use the 

satellites.

8.5.2 Space segment

The space segm ent consists o f two satellites operating  in the 6 /4  G H z band. Each satellite has 
12 transponders. These satellites are very sim ilar (sam e except for an tenna coverage) to the characteristics 
o f  the Anik-A satellites given in § 8.2 o f this Chapter.

A contract has been signed for two new satellites as replacem ents for the first generation satellites 
which reach their end o f design life in mid-1983. The m ajor characteristics o f the replacem ent satellites are:

— 24 C -band R F channels each with 36 M Hz usable bandw idth ;

— linear, orthogonal po larization  and  interstitial channelling perm itting frequency re-use;

— e.i.r.p. o f 32-34 dBW  over the entire A SEA N  region;

— increased satellite sensitivity o f approxim ately 2 dB.

8.5.3 Ground segment

— The initial ground segm ent consisted o f 40 earth stations having 10 m an tennas;

— additional small term inals have been added providing telephony and  telegraphy channels via SCPC 
with dem and assignm ent to locations tha t are difficult to  reach via existing terrestrial facilities;

— during 1979, television receive only (TVRO) equipm ent was installed at 18 sites;

8.4.3 Ground segment

For SCPC, companded FM operation.
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— during 1980, expansion o f several o f the FD M -FM  carriers was undertaken . Also earth  station 
exchange interface equipm ents required to expand  both the FD M  and  SCPC dem and assignm ent 
netw orks is p lanned;

— m odifications to the existing ground segm ent will be required to accom m odate the new satellites to 
perm it them  to be fully utilized. Provision o f these m odifications is now  under way.

8 .6  Domestic systems in the United States  [Satellite News, 1981; Satellite Systems Engineering Inc., 1980]

As of 1981, there were four dom estic fixed-satellite systems in operation  w ithin the U nited States. They are 
referred to  as CO M STAR , SBS (Satellite Business Systems), SATCOM  and  W ESTAR. All systems except SBS 
operate exclusively w ithin the 6 /4  G H z bands. SBS operates exclusively in the 14/12 G H z bands.

The follow ing sections briefly review the characteristics o f each o f these systems. F urther details for each 
system are contained in the references.

8.6.1 C O M ST A R

8 .6 .1.1 System  description

The CO M STAR system is com posed o f three partic ipan ts; AT&T Long Lines D epartm ent, G TE 
Satellite C orporation  and  C om sat G eneral C orporation . The satellites are ow ned by C om sat with their 
entire capacity  leased by AT&T. There are presently four satellites in orb it utilizing three orbital locations.

The system com m enced operation  in June, 1976 providing facilities for netw ork telecom m unication  
services to  the 48 contiguous states (C O N U S), A laska, Puerto Rico and  H aw aii. Private line services are 
also provided following the initial three year m oratorium  placed on the system.

There will be no follow -on satellites p lanned  for the particu lar system as bo th  AT&T and  G TE will 
be im plem enting their separate systems referred to as the TELSTA R  (AT&T) and  G STA R  (G TE) series o f 
satellites.

8 .6 .1.2 Space segment

F our satellites have been placed in orbit 
Furtherm ore C om star-D l will be collocated with tf 
m ajor satellite param eters are listed below:

— spacecraft designation:

— stabilization:

— num ber launched:

— launch vehicle:

— satellite mass (kg):

— prim ary pow er (W):

— design life (years):

— coverage:

— e.i.r.p. (dBW ):

— G / T  (dB (K -1)):

— single carrier saturation  flux-density 
(dB (W /m 2)):

— num ber o f transponders:

— frequency band  (GHz):

— polarization:

— num ber o f an tenna beam s:

8 .6 .1.3 Ground segment

There are ten m ajor earth stations in the 
characteristics o f the AT&T four m ain stations are:

— frequency band  (GHz):
— an tenna diam eter (m):
— Figure o f m erit G / T (d B (K -1)):
— m odulation:
— transponder access:

with the latest C om star-D 4 replacing C om star-D l. 
C om star-D 2 satellite to  function as one system. The

C om star

Spin

4

A tla s/C en tau r

1520 (at launch); 811 (in orbit)

760 (BOL), 610 (EOL)

7

C O N U S, A laska, H awaii and  Puerto Rico 

31-33 

- 8.8

-6 6 .7 , -7 2 .7 ,  -7 5 .7 ,  -8 1 .7  (selectable)

24

transm it 3.7-4.2 
receive 5.925-6.425

linear, frequency re-use

4 transm it, 2 receive

system not including the TTC station. The m ajor

4 /6
30
42
FM
SCPC (typical).
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8.6.2.1 System  description

The SATCOM  system, owned by R C A  Am ericom , com m enced operation  in Novem ber, 1973, using 
leased A N IK  capacity. The various services provided by the system are:

— com m ercial com m unications offering private leased channels for voice, data  and  facsimile com m uni
cations;

— video and  audio  services providing po in t-to -po in t and m ulti-point distribution  o f television, radio and 
news service program m ing. The industries served in this g roup include radio  and television broadcas
ters, pay TV, CATV and  publishing;

— governm ent com m unication services via a netw ork com prising m ore than  2 0  stations;

— Alascom services providing telecom m unication services within A laska and between A laska and 
CO N U S.

Both F D M -F D M A  and  SCPC techniques are used em ploying analogue FM and  digital m odulation 
techniques.

8 .6 .2.2 Space segment

The first SATCOM  satellite was launched in D ecem ber, 1975. As o f year end 1980 there were two 
SATCOM  satellites in orbit, SATCOM -I and  SA TC OM -II. Two m ore satellites are scheduled to be 
launched during 1981. At the present tim e, RC A  A m ericom  is leasing spare capacity on the Com star 
satellite as an interim  m easure until SA TC O M -III and  SATCOM -IV  are in operation.

C haracteristics o f the SATCOM  satellites are:

— spacecraft designation:

— stabilization:

— num ber launched *:

— launch vehicle:

— satellite mass (kg):

— prim ary pow er (W):

— design life (years):

— coverage:

— e.i.r.p. (dBW ):

— G / T  (dB (K -1)):

— single carrier sa turation  flux density 
(dB (W /m 2)):

— num ber o f transponders:

— frequency band  (GH z):

— polarization:

— num ber of an tenna beam s:

8 .6 .2.3 Ground segment

RCA  Am ericom  owns and operates com m ercial earth  stations near the m ajor m etropolitan  centres 
within the USA. Also the com pany owns and  operates a num ber o f earth  stations dedicated to  governm ent 
com m unication services. There are also a large num ber o f privately ow ned TVRO earth stations for the 
d istribution o f television and  radio program m ing services to  m ore than 1500 CATV systems.

8.6.2 SATC O M

— 80; —75 (Haw aii)

24

receive 5.925-6.425 
transm it 3.7-4.2

linear; frequency re-use

2  receive; 2  transm it.

RCA SATCOM

3-axis

3

T hor D elta 3914

907 (at launch); 461 (in orbit)

770 (BOL); 550 (EOL)

8

C O N U S, A laska, Hawaii 

33, 26 (Hawaii)

— 5; —10 (Haw aii)

SATCOM-III launched in December, 1979, failed to achieve geostationary orbit.
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TABLE 5-XII -  Major characteristics o f  RCA Americom stations

Characteristics

Station description

Major
commercial

Data 
service 

(DET 56)

US Govt, 
dedicated

Frequency bands (GHz) 

Antenna diameter (m) 

G /T C d B ^ -1)) 
Modulation type

Access

4/6  

10-13 

30-33.4 

FM, digital

FDMA, SCPC

4/6

5

22

56 kbit/s 
digital

FDMA

4/6

4.5-11.0
22-32.4

FM-TV and 
digital

FDMA, SCPC

8.6.3 W E ST A R

8.6.3.1 System  description

The W ESTAR dom estic system, jo in tly  ow ned by W estern U nion  Telegraph Co., Fairchild  
Industries and  C ontinental Telephone, com m enced operation  in 1974 w ith the launching o f tw o satellites. 
As o f 1981 there were three satellites in operation  providing the follow ing services:

— 1200 channel trunk  message w ithin C O N U S em ploying FD M -F M  m odulation . Also m ultiple access
message em ploying FD M A  access with FD M -FM , digital or a com bination  o f both m odulation
techniques;

— netw ork distribution o f television and  rad io  program m es;

— provision o f news m edia services;

— provision o f private line v o ice /da ta  links.

W estern U nion is also constructing the tracking and da ta  relay satellite system (TD R SS) w ith the 
first launch scheduled for 1983. This N A SA /W estern  U nion  shared system will provide N A SA  with 
im proved tracking and  com m unications capacity. Also these satellites, referred to  as A dvanced W estar, will 
represent the replacem ent satellites for the com m ercial services. The series o f  spacecraft call for four 
in-orbit, two o f these providing NASA with TD RSS capabilities, one for A dvanced W estar opera tions and  
one com m on spare.

The present system operates entirely in  the 6 /4  G H z bands while the A dvanced W estar satellites 
will p rovide services in both  the 6 /4  G H z and  14/12 G H z frequency bands.

8.6.3.2 Space segment

There are three satellites presently in orbit w ith a fu rther four (A dvanced W estar series) scheduled 
to  be launched during 1982-83. The follow ing sum m arizes the characteristics o f the A dvanced W estar 
spacecraft.

Note. — The 6 /4  G H z band  characteristics o f the A dvanced W estar spacecraft are identical to  the existing 
satellites except that the A dvanced W estar has a slightly higher TW TA pow er ou tpu t (5.5 W com pared  to
5.0 W).

— Spacecraft designation: TD RSS

— Stabilization: 3-axis

— N um ber o f satellites: 5

— Launch vehicle: Shuttle

— Spacecraft mass (kg): 2000 (approx.) in orbit

— Prim ary pow er (W): 1700 EOL

— Design life (years): 10
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— Coverage:

— e.i.r.p. (dBW ):
— ( j / r ( d B ( K -1)):

— Single carrier saturation  
pfd (dB (W /m 2)):

— N um ber o f transponders:

— T ransponder 
bandw idth  (M Hz):

— Polarization:

— N um ber o f beam s:

8 .6.3.3 Ground segment

6 /4  G H z band  

C O N U S A laska/H aw aii

33
- 6

- 8 0

26-28

- 1 3

- 7 2

12

36

linear

1 transm it 
1 receive

11/14 G H z band

7 sw itchable spot 
beam s w ithin 
CO N U S

42-50.3
— 5.0 to 4.4

- 7 8  ( +  3, - 1 2 )

4 (satellite switched)

225

circular, linear
7 transm it 
7 receive

There exist seven W estern U nion earth  stations located near m ajor m etropolitan  centres w ithin 
C O N U S. In addition  there are a large num ber o f privately ow ned TVRO earth stations operating  w ithin 
the system.

A dditional types o f earth  stations will be brought into service when the A dvanced W estar 
com m ences operation.

TABLE 5-XIII -  Characteristics o f  Western Union stations

Characteristics

Station description

Western
Union

Large Medium Small
Thin
route

Frequency bands (GHz) 6/4 14/12 14/12 14/12 14/12

Antenna diameter (m) 15.5 7-13 5-7 3-5 3

G /T  (dB(K-1)) 37.0 — — —
Modulation FM M---------— Digital TDMA ------- --------►

Access FDMA/SCPC

Capacity(') — 30-50 4-8 1 9.6-56 (kbit/s)

(') Capacity in terms of channels of 1.544 Mbit/s per channel.

8.6.4 Satellite Business System s (SBS)

8.6.4.1 System  description

SBS is a specialized com m on carrier for com m unications which com m enced operation  in early 
1981. The system offers integrated all-digital, high capacity private netw orks to business and  governm ent 
organizations w ithin CO N U S.

SBS is a jo in tly  ow ned system consisting o f A etna Life and  C asualty, CO M SA T G eneral 
C orporation  and  IBM.

M ajor features o f the system include:

— fully integrated v o ice /d a ta  and image service offerings;
— all digital transm ission;

— operates exclusively in the 12/14 G H z band  thereby elim inating the need for frequency coo rd ina tion  
and perm itting earth  stations to be located in proxim ity to the custom ers’ prem ises;

— TD M A  type o f access with dem and assignm ent and  voice activation capability  to optim ize channel 
utilization.

There are presently three satellites in orbit.



Chapter 5 207

The m ain characteristics o f the satellite are given 

Spacecraft designation:

Stabilization:

N um ber o f satellites:

Launch vehicle:

Spacecraft mass (kg):

Prim ary pow er (W):

Design life (years):

- Coverage: •

- e.i.r.p. (dBW ):

- G / T  (dB (K -1)):

Single carrier sa turation  pfd  (dB (W /m 2)):

N um ber o f transponders:

T ransponder bandw idth  (usable) (M Hz):

Frequency band  (GHz):

P olarization:

N um ber o f beam s:

.6.4.2 Space segment

below:

SBS

spin

3

Thor D elta /P A M  3910 

900 (at launch); 546 (in orbit)

900 (EOL) (deployable skirts)

7

C O N U S (shaped beam )

40-43.7

+  2  to  — 2  (adjustable on com m and) 

- 8 2  (for G / T  =  - 2 )

10

43

transm it 11.7-12.2 
receive 14.0-14.5

dual linear

1 transm it, 1 receive.

8 .6.4.3 Ground segment

The ground segm ent consists o f three types o f earth  stations. Their m ajor characteristics are given
below:

Station designation: M anned Rem ote 1 R em ote 2

A ntenna diam eter (m): 10 5 7

G / r ( d B ( K - ') ) : 36.6 30.4 33.3

M odulation: digital 35-65 M b it/s Q PSK

T ransponder access: FD M A FD M A FD M A

N um ber o f stations: 
(as o f year end 1980) 2 37 to ta l rem ote

8.7 IN T E L S A T  leased systems [Kelley, 1978; ITU , 1980]

IN TELSA T began leasing satellite transponder capacity for dom estic or special com m unications services in 
1973. The relatively low cost o f leasing satellite capacity com bined w ith the use o f sm all earth  stations m akes 
leasing econom ically attractive to m any countries.

The m ajor characteristics o f the leasing arrangem ents are:

— the leases are provided from  available spare capacity not being used for the provision o f in ternational 
services, on condition  that they can be pre-em pted if, in an em ergency, the spare capacity  is required  for 
in ternational services ’

— satellite capacity is leased in units o f full transponders (36 M Hz), half transponders (18 M H z) or one-quarter 
transponders (9 M Hz). As o f year end 1980, capacity was available for leasing on IN TELSA T-IV  spot and  
global beam  transponders and  on INTELSAT-IV -A global, hem ispheric and  spot beam  transponders.

As o f mid-1980 there were fifteen countries leasing capacity for dom estic com m unications from  
IN TELSA T with the total bandw idth  leased o f approxim ately 576 M H z or nearly  the equivalent o f one and  
one-half Intelsat-IV  satellites. Figure 5-1 shows the rap id  growth of IN TELSA T leased systems over the 1975-1979 
tim e period.

Further details are given in [Kelley, 1978].

INTELSAT is considering the provision of space segment capacity on a planned basis to meet the requirements o f leased 
domestic services.
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Year

FIGURE 5-1 -  Growth o f  INTELSAT leased systems 

As o f  31 December 1979

Capacity leased: 16 transponders
Number of countries: 16
Number of operational
earth stations: 94
Number of channels: 10 TV video

5500 telephone/telegraph

(') Terminated lease effective April 1979.
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9. Experimental fixed-satellite service systems

9.1 CS (Japan) (see R eport 207)

9.1.1 Introduction

In  Japan , considering the increasing dem ands for dom estic com m unications including em ergency 
usages, the m edium -capacity  com m unications satellite for experim ental purposes using 30 an d  20 G H z 
bands, has been developed and  various kinds o f experim ents are being conducted.

The CS was launched in Decem ber, 1977 and  pu t into geostationary-satellite orbit. T ransponders in 
the 30 /20  G H z and  6 /4  G H z bands and  a m ulti-band shaped beam  reflector an tenna are on board . The 
coverage o f the an tenna  is restricted to  the Japanese territory. The characteristics are given in Tables 5-XIV 
and 5-XV.

Experim ental items are m easurem ents o f on-board  m ission equipm ent characteristics, signal tra n s
m ission characteristics and  propagation  characteristics, especially in the 30 and  20 G H z bands and  satellite 
com m unication system operations.

9.1.2 Space segment

The characteristics o f  the satellite are given in Table 5-XIV.

TABLE 5-XIV — CS satellite characteristics

Mass in orbit 340 kg

Stabilization Spin stabilized (90 rpm)

Orbital position 135° E

Station-keeping (N-S/E-W) <  ±0.1°

Number of transponders 2 (6/4 GHz)
6 (30/20 GHz)

Transponder bandwidth 200 MHz each

e.i.r.p. per transponder 29.8 dBW (4 GHz) 
37.0 dBW (20 GHz)

Figure of merit (G/ T)  
at edge of the coverage area

-8 .1  dB(K->) (6 GHz) 
- 4 .5  dB(K->) (30 GHz)

Design life 3 years

i
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V arious types o f earth  stations are participating  in the experim ents. Their characteristics are 
sum m arized in Table 5-XV.

9.1.3 Ground segment

TABLE 5-XV -  Characteristics o f  earth stations in the CS system

KASHIMA YOKOSUKA SENDAI Earth station
Small transportable station

Fixed-earth
station

Fixed-earth
station

Fixed-earth
station

for remote 
islands

(Vehicle-mounted
type) (SCPC)

Frequency (GHz) 30/20 6/4 30/20 6/4 30/20 6/4 30/20 6/4 30/20

Diameter (m) 13.0 10.0 11.5 12.8 11.5(0 11.5 2.7 3.0 2.0

e.i.r.p. (dBW) 94.1 74.2 92.7 91.0 92.5 81.0 75.0 66.0 56.3
Figure of merit 
( G/ T)  (dB(K-i)) 44.2 31.6 43.7 31.3 44.4 32.0 27.0 20.0 20.3

(i) Off-set Cassegrain antenna (11.5 x 14.5 m)

9.2 S Y M P H O N IE  satellite system

The first F ranco-G erm an experim ental Sym phonie satellite was launched in 1974, by m eans o f a 
T hor D elta 2914 launch vehicle. The second satellite was placed in orbit in 1975. Each o f these two satellites 
contains four repeaters with a bandw idth  o f 80 M H z, and  uses circular po larization  in the 4 and 6  G H z bands. 
Experim ental transm issions o f telephony and television have been made. These included, for exam ple: TD M A  
telephony, high-quality television, educational television, and several sound program m es using FD M -FM .

9.2.1 Space segment

O rbit:

Repeaters:

M axim um  e.i.r.p. (dBW )

Polarization:

A ntenna:

9.2.2 Ground segment

T ransm itter ou tput pow er (kW ): 2

A ntenna diam eter (m): 16

G / T  (dB (K -1)): 31.5

A dditional experim ental work, with a Sym phonie satellite positioned at 49° E, was carried out by 
Ind ia under the project “Satellite Telecom m unications Experim ental Project (STEP)” during a two year 
period com m encing June, 1977. The experim ents included inter alia the following:

— television transm ission with m ultiple audio channels,

— digital com m unications with m ultiple access for trunk  telephony (14.0 and  10.7 m an tenna diam eter),

— integration o f satellite derived circuits into the national autom atic trunk  telephone netw ork,

— rem ote area com m unication using road  transportab le term inal (6 .1  m an tenna diam eter),

— emergency com m unications using small air-liftable term inal (3 m an tenna diam eter).

geostationary

4, each o f 80 M H z bandw idth  

30

circular

2 beam s (Euro-A frican and A m erican)
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9.3 Ariane Passenger P ay-Load Experiment (APPLE)

A PPLE is the first 3 axis body-stabilized geostationary  satellite w ith its ow n apogee p ropu lsion  system and  
attitude and  orb it contro l capability  designed and  built by India. It was launched by ESA ’s A riane (L 0 3 ) launch 
vehicle in June, 1981 and  is positioned  at 102° E. The satellite is being used for the follow ing experim ents:

— tim e division m ultiple access telecom m unications,
— spread spectrum  m ultiple access,
— sm all com m unications term inal,
— random  access packet switching,
— television w ith m ultiple audio  PCM ,
— telem edicine,
— netw orking for sound broadcasting , etc.

9.3.1 Space segment

Stabilization:

In-orb it weight (kg): 

T ransponders:

B andw idth (M Hz):

Receive frequency (M H z): 

T ransm it frequency (M Hz): 

e.i.r.p. (max.) (dBW ): 

A ntenna (m):

G / T  (dB (K -1)): 

Polarization:

3 axis body stabilized

380

one

40

6385

4160

31.5

0.90 parabo lic  reflector 

- 1.0

O rthogonal, linear; vertical receive and  horizontal 
transm it

9.3.2 Ground segm ent

The g round  segm ent associated w ith A PPLE is sum m arized in Table 5-XVI.

TABLE 5-XVI -  Ariane passenger pay-load experiment (APPLE) -  ground segment

Antenna size (m) 14.7 10.7 6.1 3.0

Transmit power (W) 3000 3000 3000 20 20

E.i.r.p. (max.) (dBW) 86 85 84 60 54

G /T  (dB (K _ ')) 30 28.5 24 21 17

9.4 European Orbital Test Satellite (OTS)

The E uropean  telecom m unication  satellite OTS is an experim ental spacecraft in tended  to  test in space the 
techniques adop ted  for the future operational satellite ECS (European  C om m unication  Satellite). This satellite 
system will provide telephony transm issions and  broadcasting program m e d istribu tion  in Europe. The OTS 
satellite operates in the frequency bands o f 11 and  14 G H z and  carries four transponders. The frequency re-use 
technique is realized by using orthogonal polarization . M oreover, beacons operating  w ith circular po larization  
allow propagation  and  depolarization  experim ents to be perform ed above 11.7 GHz.
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TABLE 5-XVlI -  OTS satellite characteristics

Orbit Geostationary

Position 10° W

Model A
Transponders 2 x 120 MHz (spot beam) 

2 X 40 MHz (Eurobeam)

E.i.r.p. (maximum) Eurobeam: 37.9 dBW 
Spot beam: 47.4 dBW

Polarization Linear

Model B
Transponders 2 x 5  MHz (Eurobeam)

E.i.r.p. 30.7 dBW

Polarization Circular

Beacon 11.786 GHz
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A PP E N D IX  I 

OTHER C O NSIDER ATIO N S

1. Introduction

B roadcasting from  satellites is now a reality. W ith terrestrial systems it is no t possible, except in adjacent 
countries, for program m es em anating from  one country  to be received directly by television viewers in another 
country. The use o f satellites for broadcasting  television program m es generated a new aw areness am ong 
adm inistrations o f the various issues that may arise when television program m es b roadcast from  a satellite m ight 
be m ore widely available to the television viewing public in other countries. These considerations have led the 
U nited N ations to  study certain legal issues tha t will be posed by this technology.

2. Studies within the United Nations and other international organizations

2.1 United Nations

The U nited N ations is playing, through the C om m ittee on the Peaceful Uses o f O uter Space (CO PO U S), a 
coordinating  role for consideration  o f the general applications o f satellite broadcasting.

The Legal Sub-C om m ittee o f the CO POU S, through one o f its W orking G roups on d irect television 
broadcast satellites, is engaged in establishing the principles governing the use by States o f artificial earth  satellites 
for direct television broadcasting. This W orking G roup  was first established in 1969 to  study the technical 
feasibility o f direct b roadcasting  from  satellites and  has, am ong other com m itm ents, m ade a study o f the 
im plications of the developm ent o f direct broadcasting  satellites from  social, cultural, legal and  o ther aspects. It 
also carried out studies relating to the possible tim e scale o f direct TV broadcast service from  satellites, the 
problem  o f spill-over o f signals, responsibility o f States and  consultation  and  agreem ents between them , etc.

2.2 International Telecommunication Union (ITU )

The ITU has played a continuing and  im portan t role in form ulating  the technical recom m endations, 
coord inating  procedures and  the coordinated  use o f the radio-frequency spectrum  and  geostationary-satellite orbit 
for the developm ent o f space com m unications including broadcasting  from  satellites.

The W orld A dm inistrative Radio Conference for Space Telecom m unications, G eneva, 1971
(W ARC-ST-71), the W orld A dm inistrative R adio Conference for Broadcasting Satellites, G eneva, 1977 (W ARC- 
BS-77) and  the W orld A dm inistrative Radio C onference, G eneva, 1979 (W ARC-79), have m arked successively 
significant steps forw ard in the orderly  developm ent o f satellite broadcasting . The im portan t decisions o f the
W ARC-79 relating to the broadcasting-satellite service and  regulatory aspects are briefly recapitu lated  in the
follow ing sections.

2.2.1 Regulatory aspects o f  the broadcasting-satellite service (BSS)

The allocated frequency bands are given in C hapter 1.

2.2.1.1 620-790 M H z band

This band  is allocated to the terrestrial services in the three Regions. However, a foo tno te to the
Table o f  Frequency A llocations (No. 693 o f the R adio Regulations), authorizes the use o f this band  by the
BSS for television stations using frequency m odulation , subject to the prescribed procedures. In accordance
with RR 693, such stations shall not produce a pow er flux-density in excess o f the value —129 d B (W /m 2)
for angles o f arrival less than  2 0 ° w ithin the territories o f o ther countries w ithout the consent o f the
adm inistrations o f these countries. Also, according to R ecom m endation No. 705 o f the W ARC-79
providing sharing criteria on  a provisional basis, the m axim um  pow er flux-density produced at the surface 
o f the E arth w ithin the service area of a terrestrial broadcasting  station, for other angles o f arrival, 8 , shall 
not exceed:

- 1 2 9  +  0.4 ( 6  -  20) .1 for 20° <  8  <  60°
dB (W /m 2)

-1 1 3  for 60° <  8  <  90°

except with the agreem ent o f the adm inistrations concerned.



214 Chapter 5

The BSS in this band  is lim ited to national and regional systems for com m unity reception. The 
pow er flux-density at the E arth ’s surface, assum ing free-space propagation  conditions, shall no t exceed the 
follow ing values in any 4 kH z band  (R R  761, 2561-2564):

2.2.1.2 2.50-2.69 GHz band

152
152 +  0.75 (5 -  5) 
137

for 0° <  8  <  5°
dB (W /m 2) for 5° <  8  <  25°

for 25° <  8  <  90°

where the angle o f  arrival, 8 , is above the horizontal plane.

In Region 1, this band  is shared on a prim ary basis with terrestrial services. However, this band  is 
also allocated to  the fixed-satellite service (in addition  to the terrestrial service) on a prim ary basis in 
Region 2 and partly  in Region 3.

2.2.1.3 12 GHz band

In Region 1, the band  11.7-12.5 G H z is shared with terrestrial services.

In Region 2, the band  12.1-12.7 G H z is shared with the terrestrial and fixed-satellite (space-to- 
Earth) services. However, the Regional A dm inistrative R adio Conference, in 1983, divided the band  
12.1-12.3 G H z into two equal sub-bands, the lower o f which is allocated to the FSS while the upper 
sub-band is allocated to the BSS (R R  841).

In Region 3, the band  11.7-12.2 G H z is shared with terrestrial services. The band  12.5-12.75 G H z is 
lim ited to com m unity reception and  is shared with the fixed-satellite (space-to-Earth) and terrestrial 
services. The pow er flux-density, produced by a station in the BSS, at the edge o f the coverage area for 
99% of the w orst m onth  shall not exceed — 111 dB (W /m 2).

At present, a Plan exists for stations in the BSS in the bands 11.7-12.2 G H z in Region 3, and
11.7-12.5 G H z in Region 1. The provisions and  the associated Plan are contained in A ppendix 30 to  the 
R adio  Regulations. The sam e A ppendix contains the procedure for m odifications to the Plan.

A Regional A dm inistrative Radio Conference (RA RC ) held in 1983 for Region 2, am ong other 
actions, adopted  a p lan for the BSS in the part o f the 12 G H z band  allocated to that service.

At present no Plan exists for the band  12.5-12.75 G H z in Region 3, nor is any conference for this
purpose foreseen.

2.2.1.4 Feeder links fo r  the broadcasting-satellite service

Feeder links for the BSS may, in principle, use any o f the bands allocated to  the fixed-satellite 
(Earth-to-space) service subject to the application  o f coord ination  procedure o f Article 11 o f the Radio 
Regulations. The W ARC-79 identified certain  bands for exclusive or preferential use by feeder links to 
b roadcasting  satellites. These are given in C hap ter 3.

The W ARC-79 also decided that the feeder links to broadcasting  satellites operating  in the bands
11.7-12.5 G H z in Region 1 and 11.7-12.2 G H z in Region 3 shall be operated  in the bands 10.7-11.7 G H z, 
14.5-14.8 G H z and 17.3-18.1 G Hz, in accordance with the agreem ent and the associated p lans to  be 
adopted  at a future adm inistrative conference. Pending such agreem ents and the relevant plans, the 
advance publication, coordination  and notification procedures o f Articles 11 and  13 o f the R adio 
Regulations rem ain applicable. In the application  o f these procedures, the adm inistrations sharing the 
sam e orbital position in the Plan m ay conclude pre-coordination  agreem ents am ong themselves in 
accordance with Resolution No. 101 o f the W ARC-79.

For Region 2, the Plan for feeder links to broadcasting  satellites in the 12 G H z band  was
established by the RARC SAT-83, which drew  up a detailed frequency assignm ent and  orbital position
plan  for the BSS. The feeder links Plan is in the band  17.3-17.8 GHz.

For m ore details on com patibility o f  frequency bands for the BSS with shared services and feeder 
links for the BSS, reference m ay be m ade to texts in C hapter 3 o f this report.

2.2.2 Resolutions and Recom mendations o f  the W ARC-79  [ITU, 1979]

— The C onference confirm ed WARC-ST-71 R esolution No. Spa2-2 as Resolution No. 507 according to 
which the stations in the BSS shall be established and operated in accordance with agreem ents and  
associated p lans adopted  by world or regional adm inistrative conferences.

— The C onference adopted  Resolution No. 33 relating to the bringing into use o f space stations in the
BSS prior to the entry into force o f agreem ents and  associated p lans for the BSS.



Chapter 5 215

— The C onference annexed to the R adio Regulations the BSS Plan adopted  by the W ARC-BS-77 for 
Regions 1 and 3 in the 12 G H z band  and  also adopted  R esolution No. 701 for convening a regional 
adm inistrative radio  conference for the detailed p lann ing  o f the BSS in the 12 G H z band  and  
associated feeder links in Region 2. *

— The C onference adopted  Resolution No. 503 relating to the coord ina tion , no tification  and  recording 
in  the M IF R  of frequency assignm ents to stations in the BSS in Region 2, in the interim  period.

— The C onference adopted  Resolution No. 101 concerning the draw ing-up o f agreem ents and  associated 
p lans for the feeder links to the BSS in the 12 G H z band  under the P lan adop ted  by the 
W ARC-BS-77 for Regions 1 and 3.

— The C onference adopted  Resolution No. 100 relating to the coord ina tion , no tification  and  recording 
in the M IF R  o f assignm ents in the band  12.1-12.3 G H z to stations in the FSS with respect to stations 
in the BSS in Region 2.

— The Conference adopted  Resolution No. 32 relating to the use o f frequency assignm ents to terrestrial 
and  space radiocom m unication  stations in the b an d  11.7-12.2 G H z in Region 3 and in the b and
11.7-12.5 G H z in Region 1 so as to avoid harm ful interference from  terrestrial services to 
broadcasting-satellite stations operating  in accordance with the W ARC-BS-77.

— The Conference adopted  Resolution No. 505 relating to  the BSS (sound) in the frequency range 
0.5-2.0 GHz.

— The C onference adopted  the following R ecom m endations: R ecom m endation No. 506 relating to the 
harm onics o f the fundam ental frequency; R ecom m endation No. 508 relating to transm itting  an tennas 
for the BSS; R ecom m endation No. 101 relating to feeder links for the BSS and  R ecom m endation 
No. 507 relating to  spurious em issions in the BSS.

2.3 United Nations Educational, Scientific and Cultural Organization (U N E SC O )

U N ESC O  is carrying out studies on regional broadcasting-satellite systems for in fo rm ational, educational 
and cultural developm ent. M ajor feasibility studies were carried out by the U nited N ations in cooperation  with the 
ITU and the U N D P  for a regional tele-education system for the South A m erican region (1971-1973). Prelim inary 
studies have also been undertaken by U N ESC O  in o ther regions o f  the w orld including the A rab States and  
A frica (in collaboration  with the Econom ic Com m ission for A frica and  the Pan-A frican Telecom m unication  
U nion). U N ESC O  was responsible for a  m ajor project begun in 1971 to  tra in  Ind ian  personnel in the production  
and technical operation  o f television service, particularly  as related to  the train ing  o f personnel for the Ind ian  
Satellite Instructional Television E xperim ent (SITE, 1975-1976). U N ESC O  has also published the “ D eclaration  o f 
guiding princip les” on the use o f satellite broadcasting for the free flow o f in form ation , spread o f education  and  
for greater cultural exchange.

The In ternational Com m ission for the Study o f C om m unication Problem s (C hairm an, Sean M acBride), set 
up  by U N ESC O  in 1977, has taken into account various facets o f satellite-based broadcasting  services and  
included them in its report published in 1980 [U N ESCO , 1980]. As a follow -up o f the study by the C om m ission, 
U N ESC O  has set up the In ternational Program m e for the D evelopm ent o f C om m unication  (IP D C ) the objectives 
o f which are, am ong others: in ternational cooperation in the field o f  in form ation and  com m unication , p rom oting  
in the developing countries creation or extension o f infrastructures for the different com m unication  sectors, 
strengthening cooperation  and coord ination  with o ther specialized agencies, especially the ITU , providing advisory 
services in the field o f com m unication developm ent for optim um  utilization  o f available resources, etc. The 
activities are to  be coord inated  by an Inter-G overnm ental Council and  special funds are to  be m obilized for 
achieving the objectives o f the IPD C.

2.4 U N ESC O  and the World Intellectual Property Organization (W IPO )

U N ESC O  and W IPO  are engaged in studies o f the problem s o f copyright and  neighbouring rights arising 
from  direct broadcasting  from  satellites and the problem s o f legal p rotection  against unauthorized  use o f satellite 
em issions.

2.5 Applicability o f  international law

A negotiating text has been prepared by the Legal Sub-C om m ittee o f CO PO U S and the follow ing view has 
been expressed on certain aspects o f international law.

This Conference was held during 1983 for a period o f 5 weeks.
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Activities in the field o f d irect television broadcasting  by satellite should be conducted in accordance with 
in te rnational law, including the C harter o f the U nited N ations, the Treaty on Principles G overning the Activities 
o f States in the E xploration  and Use of O uter Space, including the M oon and  O ther Celestial Bodies o f 27 
January  1967, the relevant provisions o f the In ternational Telecom m unication C onvention and  its Radio 
Regulations and  o f in ternational instrum ents relating to friendly relations and cooperation  am ong States and to 
hum an rights.

The text also m akes provision for:

— rights and benefits o f States;
— in ternational cooperation ;
— peaceful settlem ent o f disputes;
— State responsibility;
— duty and  right to consult;
— copyright and  neighbouring rights;
— notification  to  the U nited N ations;
— consultation  and  agreem ents between States.

3. Training for broadcasting-satellite services

For optim um  operation  o f broadcasting-satellite services, it is essential to establish an efficient in frastruc
ture for train ing  the required personnel. The train ing  needs for BSS differ from  those in other space rad iocom m u
nication  services in as m uch as that the m aintenance o f a large num ber o f ground term inals is required. It should 
be recognized tha t train ing can only function in a satisfactory m anner when it is part of, and  based on, the 
fundam ental policies o f each responsible G overnm ent with regard to the relevant field. The train ing  policy often 
depends on the m ore general issues o f each coun try ’s national education and  hum an resources developm ent 
policies. T rain ing should be regarded as productive investm ent resulting in personnel growth and  developm ent in 
im proving higher satisfaction, higher efficiency and  a better service to the general public.

T rain ing  is required to be im parted  to various personnel in equipm ent as well as program m e aspects o f the 
BSS. This includes p lanning , installation , m aintenance o f equipm ent and  program m e developm ent and other 
related aspects including m anagem ent and w orking arrangem ents.

In the field o f technical assistance in cooperation  with the U N D P , U N ESC O  and  o ther U N  agencies, the
ITU  has been actively prom oting train ing in space com m unications technology, with the objective o f m eeting the
m anpow er dem and in developing countries. The type o f assistance is in the form  of establishm ent a n d /o r  
im provem ent o f national o r m ultinational train ing  institutions, as well as in-service and on-the-job train ing, the 
organization  o f short-term  specialist meetings and  sem inars, im plem entation o f  fellowships and  exchange o f 
train ing  m aterials.
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A P P E N D IX  II

FORM ULAE A N D  EXPRESSIONS FOR M ANU AL CALCULATIONS  
C O N C E R N IN G  BROADCASTING-SATELLITE SYSTEMS

If  the geographical coordinates o f a po in t A on the Earth are cp (latitude) and  AX  (longitude m easured with 
respect to  the sub-satellite point S'), then the great-circle distance between A and  S' is given by the arc vp o f great 
circle S'A:

cos v]/ =  cos cp cos AX (1)

The azim uth Z  o f A, seen from  S' is given by:



From  these two equations we can deduce from  the given geographical coord inates (cp and  AA,) the po lar 
coordinates on the E arth ’s surface (\p and  Z ) as follows:

sin cp =  sin v|/ cos Z (3)

! ' tan  AA =  tan v|/ sin Z (4)

The azim uth o f the satellite, seen from  po in t A, is given by :

tan  AA
tan Z  ---------  (5)

sin cp

The elevation angle o f the satellite, seen from  the sam e point, is given by:

R
cos \|/

Chapter 5 217

For the geostationary  satellite:

R  +  h
tan  e =  --------- :— ;--------  (o)

i sin vp

R = 6378.16 . . km 

h =  35786.04 km

thus:

cos i|/ -  0.15127
tan 8  =  --------- ;— ■---------  (6 a)

sin vp

The angle, 5, between the line connecting the satellite and  the centre o f the E arth  and  the line connecting 
the satellite and  the po in t A, for the geostationary  satellite, is given by:

0.15127 sin vj/
tan  6  =  --------------------  —  (7)

1 -  0.15127 cos v|/

The distance d  between the satellite and po in t A, for the geostationary  satellite, is given by:

d =  35786.04 y j 1 +  0.41999 (1 - c o s  vj/) km (8 )

If  the distances between the satellite and  two points A and  B on the E arth  are respectively dA and  dB, then  
the straight line jo in ing  A and  B is:

dAB =  9020.08 y j  1 — cos v ^  cos v(/B cos (AAB —AA^) — sin vj/̂  sin v|/B km  (9)

The angle between the lines jo in ing  the satellite and  the points A and  B, respectively, is given by:

, +  d \ -  d \ B
cos cps =  - — -------   ( 1 0 )

2  d Ad B

F or two satellites S, and  S 2 , spaced on the geostationary orbit by an angle Xs2 — A s,, the distance between 
them , m easured along a straight line, is:

ds = 59629.18 y j \  — cos(AS2 ~A Sj) km ( 1 1 )

If  (As2 — A s!) is sufficiently small,

ds = 735.9 (AS2 - A Si) km ( 1 1 a)



The angle between the lines connecting a po in t A on the E arth  and the satellites S', and  S2 is given by:

dl, + d2s -  di
cos (pss =  — 11 2,--------  (1 2 )

2  dSi d$2

where ds\ and ds2 are obtained from  equation  (8 ). The values o f  AA in equation (2) are based respectively on the 
sub-satellite points corresponding to the satellite S, (for the distance d s ,)  and the satellite S2 (for ds2).

The distance between the two satellites m easured along the arc along the geostationary orbit is given for all 
angular separation o f satellites by:

dss . =  735.904 (As2 -  As,) km ( l ib )

The gain G (dB) o f  an an tenna, referred to an isotropic source, is given, for a circular aperture D  (m), at a
frequency / ( G H z )  by:

G =  20 log D + 20 l o g / +  17.87 dB (13)

The corresponding beam w idth 28 ( — 3 dB) is:

28 =  21 /  D f  degrees (14)

The free-space loss L between two isotropic sources separated  by d  (km), at a frequency /( G H z ) ,  is:

L =  92.442 +  20 log / +  20 log d  dB (15)

F or the sub-satellite distance for the geostationary orbit:

L 0 =  183.576 +  20 log /  dB (15a)

The additional loss for a po in t different from  the sub-satellite po in t for a geostationary satellite, is:

A L =  10 log [1 +  0.41999(1 -  cos ip)] dB (16)

If  a receiving an tenna at the sub-satellite po in t has an effective area o f 1 m 2, the (spreading) loss between
the satellite and the an tenna is independent o f the frequency, and  is:

L 0(, m2) =  162,066 d B /m 2 (17)

F or an effective isotropic radia ted  pow er (e.i.r.p.) equal to P  (dBW ) and  for the sub-satellite po in t, the 
pow er flux-density is:

p fd 0 =  P -  162.066 dB (W /m 2) (18)

The relationship between the pow er flux-density and the Field strength E  at the receiving po in t is:

E  — p fd  +  145.763 dB (pV /m ) (19)

The relationship  between the e.i.r.p. and the Field strength is:

E  =  P -  16.303 dB (pV /m ) (20)

W hen d h (that is, all o ther points):

p fd  =  P -  162.066 -  A L d B (W /m 2) (18a)

The noise pow er in an effective bandw idth  b (Hz), w ith a tem perature t (K) is:

P n =  k t b  (21)

If  k  (B oltzm ann’s constant), t and  b are expressed in logarithm ic units ( 5 = 1 0  log b, and 7 = 1 0  log /) 
and b in M Hz:

Pn =  -1 6 8 .6  + 7 + 5  dBW  (21a)

The relationship between the noise tem perature tn and  the noise factor / i s ,  for an am bient tem perature t0 :

(22)
and

/ - ( ' » / «  - 1  (23)
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If  the an tenna noise tem perature is tA (K), and  if the noise tem perature o f the receiving system (apart from  
the antenna) is /„ (K), the total system noise tem perature is:

ts = tn + tQ( f -  \ )  K (24)

If there is an elem ent with attenuation  / at a tem perature th between the an ten n a  and  the receiver, the to tal
system noise tem perature becomes:

ts = t,{ 1 - ■/ )  +  t0 ( f -  1 )+  l t A K (24a)

Expressed in logarithm ic units:

Ts =  10 log ts dBK  (25)

The loss in an tenna gain, due to ageing and  the w eather can be given by a factor m ( m < 1). I f  the
coupling elem ent between the an tenna and  the receiver has an attenuation  /, the usable an tenna gain is:

Sr — S  m I (26)

or, expressed in logarithm ic units:

Gr =  G -  M  -  L  (26a)

where G is the an tenna gain as given in equation (13), M  =  10 log m, L  =  10 log /.

If  tl =  /0, the g / t  factor is:

g m l

= t0(i-n + 1„ ( / - i )  + nA (27)

or, in logarithm ic units:

G — T =  10 log ( g / t )  dB (27a)

where:

p , : transm itter pow er (W),

g , : transm itter an tenna pow er gain (isotropic),

g : receiver an tenna pow er gain (isotropic),

/ :  propagation  attenuation , i.e. the ratio  between transm itted  and  received pow er as given in
equation  (15),

the received pow er is given by:

Pt Qt Q
pc = W (28)

or, in logarithm ic units:

pc =  pt +  G, + G -  L  dBW  (28a)

Taking account o f all the transm ission effects, and  with b in M H z the ratio  between the received carrier
and the noise pow er (carrier/no ise  ratio) will be:

Pc -  Pn =  P, +  G, +  (G -  T)  — L  — B + 168.6 dB (29)

or:

Pc — Pn =  e.i.r.p. +  ((/ — T ) — L  — B + 168.6 dB (29a)

For all points other than the sub-satellite point, the attenuation  will increase by A L (equation  (16)).
D epending on the elevation angle for the po in t considered, it will be necessary to add the atm ospheric attenuation
A La (see R eport 215). The ca rrie r/n o ise  ratio is then:

Pc -  P„=  e.i.r.p. +  (G  -  T ) -  20 l o g / -  AL  -  A L a -  B  -  14.916 dB (30)

with / i n  G H z and  B in M Hz, for practical reasons. For / i n  M Hz, this, o f course, becomes:

Pc -  Pn = e.i.r.p. +  (G  -  T ) -  20 l o g / -  AL  -  A La -  B  +  45.084 dB (30a)
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I f  the cross section o f the satellite an tenna beam  is circular or is an ellipse having a m ajor axis which, 
w hen projected on to the service area on the E arth  coincides w ith the azim uth o f  the satellite, m easured from the 
boresight point, the boundary  o f the service area m ay be calculated by an approxim ate m ethod. The accuracy of
this is greater as the size o f  the beam  becom es smaller.

The m inor axis o f the boundary  ellipse is given by:

b /2  =  d  tan  5 (31)

w here d  is the distance from  the service area (boresight) m easured along the beam  axis (equation (8)).

The direction o f the m ajor axis at the boresight po in t corresponds to  the azim uth o f the satellite seen from 
this p o in t and is given in equation  (5). The ratio  between the m ajor axis a and  the m inor axis b is given, for the 
sam e conditions, by:

a / b  — cosec e (32)
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