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PREFACE

This report was prepared for Ad Hoc Group "C" of the
Canadian Preparatory.Committee fer the 1971 WARG.for Space
Telecommunications and in support of departmentél studies;‘

The first drsft Was written jointl& beG. éeurtemanehehj
(DOé/DrI) and R;F; Zeitoun (DOC/DTR) with very'valusble_:
eontrihutions from Dr. C.A. Siocos (C.B.C.), W.R. Wilson

" (C.R.T.C.) and H. Treffers (DOC/DTR).

~Thisieraft was.then amended to reflect the comments
and suggestiens of-Dr.-B C. .Bieuis»(DOC/CRC),IJ R. Marchand
A(DOC/DTI) W.J. Wilson (DOC/DTR) and M L. Card (DOC/DRD)
The report was further rev1sed and approved as Issue 3 at a

meetlng of Ad Hoc Group "C" on Aprll 21 1970.

On September 9 1970, 'G. Courtemanche proposed some>

additional amendments to the report as a result of further .

4 studles within CNO/CCIR Working Party 1011/1. Issue.4

*includes these amendments.
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TECHNICAL FACTORS AFFECTING THE CHOICE OF FREQUENCY
* AND EFFICIENCY OF ORBIT UTILIZATION -
- ' TELEViSION.sROADCASTING FROMVSATELLITES

INTRODUCTION

| At its second meeting op'Decembef 3,>1969, fhe.Canédién_"WARC" } 
Préparatofy Ad Hoc,Groﬁp "C" formed a tecﬁnical‘sub—group witﬁ ghe i |
following terms of feference: .

- to review channel requirements for satellite broadcasting;

- to develop proposals for the forthcoming WARC for Spéée TeiecommunicétionSK

_based upon technical criteria énd_feasibiliﬁy fér speétrum_sharing which
would meet Cénadiahisatellite'broadcastinéjrquiremehts; | |
- to'éoordinafe AdminiStrativé Regulétions with the chairmaﬁ'of Adeoc -
; G;oup "B" and the Fréquéncy Management Group of the Teiecommﬁniéétioné
V Regulation Branch. |
AFqur méetings.wer§ held. The pa;ticipants were:

Mr. G. Courtemanche DOC/DTI  (Chairman)

Mr. G.J. Clowes ' DOC/CRC  (attended first two meetings only)
Mr. W.R. Wilson ° CRIC o : -

Dr. C.A. Siocos CBC

Mr.. R.F. Zeitoun - .. DOC/DTR C

Mr. H. Treffers DOC/DTR = (secretary)

- This report deals with the video portion oflmondchrome'and éolbur
television broadcasting from satellites using standard modulation and
demodulation techniques.

Further study on a number of ‘items would be very desirable,

_esPecially if completed in time for the CCIR Jdint Study Group Meetirng

'precéding the Space Conference in February,'1971. Some of these items

are:
- the most suitable frequency bands for the earth—to—sateliitelcircuit;
- the imprbvement that can be obtained from the use. of pre-emphasis fqrf~

colour television;
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. the techniqués which can be used forfthe transiission of the

sound portion of the television signalj
the use of threshold extension demodulators in FM television receivers;
the use of bandwidth compression techniques for television traﬁémissions;

the feasibility of frequency sharing between satellite broadcasting énd

‘the Earth Exploration Satellite service.

. In the mgantimé, fhe following points ate*worth‘COhSideratioﬁr
fqi FM‘television; ‘ |
- the sound could béAtransmitted duripg the synéhrohizing»ana'blénking
| ‘periods of the‘Video‘signél in'é'sﬁigable time—di&ision}mﬁltiﬁieg,

arfénggment; Eor‘this.method, thé data containéd in the Appéndiées
. 'would'bé valia to cover both the‘vidéb and soUnd<Sién§lS Bq# fhé‘,_l

 receivers would require spécial circuitry to extract the sound. -

- ‘the sound and video signalé could be carried as a édmpbsite-Sighal~'

. wifh‘4{5 MHz‘offset; This would necessitate the use of a larger
ffequency'devigtion and #hus-a higher.transmitterlﬁoﬁer; -Detailed
.stugy wéula be reqﬁired to determine all the conéeduences,(
~  the sound-and:vidéd-sigﬁais could be carfied onvsepa;atg cgrri¢r5¢
Thislwould necessitate the use of separate receivers, which might be
bé_acqeptable‘for commUnit§ reception. It would also affect phe
épagecraft‘design.
fo: AM/VSB television, the inclusion of the sdqﬁd signal.wquld‘neceéSitéﬁe 3
a 27 increase of thé reqﬁirea transmitter power baséd on a conclusion of
ReferenceE:Z} .‘ No change in'réceiver.deéign concepts woﬁld‘be‘required.
the use,of threéhold.exfension demodulators:céﬁld reduce the<;équired
satellite e.i.r.p. and thus lower the coét of the ébéceggegment.
the iuse of bandﬁidth combreésion techniqﬁés could aisélreduce the'requifed~

éhanﬁel béndwidtﬁ and-thus improve the éfficienéy of spectrum and orbit

utilization.
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Members of the'technical sub-group also attended.meetings of Ad hoc
Group "B" responsible for the development of Administrative Radio Regulations
for space serv1ces other than broadcastlng They were Satisfled that the
Administrative Regulations being Heveloped'for-these other-services.would also

cover the reQuirements.of'the broadcasting sateilite‘service.

'SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

2.1 Conclusions: -

This section gives a detailed list of all the conclusions~contained in this .
report.  Appendix IV gives a table of comparison of some of these conclusions

for quick reference.

a) Commuhity reception'of FM television from satellites

‘-'i)' Frequency sharing feaSiblllty
| - sharlng w1th terrestrial UHF TV in the band 614 890 MHz is
t marginally feasible (see § 6.2) provided thaté
eef— a‘discrimination angle of~33O can be achieved; 'This
.'angle ﬁould have to be increased if‘more'thanvone‘fi
: interference.entry were present;
= areas-ot mutual interference to both theAterrestrial and. .
satellite services can be tolerated;
Co- areas of interference created.hy the_terrestrial UHF TV
station inside'the satellite.coverage area can be toierated.
- sharing with tropospheric scatter‘systems in"the band 614-890 ﬂhz
. is marginally feasible (see §'6.3) provided that:

- the~tropospheric scatter antenna is beamed more than 28%°
away'from the satellite direction, assgming.no satellite
antenna discrimination;:

-  the satellite e.i.r.p;~at the center of thevbeam does‘not
exceed 47 dBW#I |

=~  there is no more than one interference entry.

- sharing with terrestrial ITV systems 1n the band 2548- 2686 MHz
is feas1b1e (see § 7.2) prov1ded that




ii)

- B

-a discrimipatien angle of.hd'can be achieved. 'Thie aﬁgle
would have to be increased if more than ofie intefference\
en;t.ry we’fe present;

- areas.of mutual interferenee to both‘the‘terrestfialﬁand
satelllte services can be tolerated‘ ' o

.— areas of 1nterference created by the terrestrial ITV

statlon inside the satellite coverage area can be tolerated.

Frequency. re-use

Onlsatellites iocated»within a 90° orbital arc and beamed et

- the same coverage area, the same frequency can be re-used: .

- only once in the band 614-890 MHz

- ﬁp-tb-B times in the band 2548-2686 MHz

1ii)

- up to 6 times in the band 11700~12200 MHz ©

Estimated number of independent programs

~Assuming an equal distribution of the estimited number of

potential independent programs-between_Canadé_and the Unifedj'
Sﬁetes in é-fixed 90° orbital arc, the number of’independent

programs available to Canada vary as follows:.

- from a low of 8 for a two-beam coverage and 16 MHz béndwidth

ﬁo_a high‘of'26 for a 51pream coverage and 20 MHz bandw1dth
in a 276 MHz shared band between. 6lh and 890 MHz. These
values are 3 and 10 respectlvexy for a 100 MHz exclu31ve band.
= from a low.of-9 for a two-beam coverage and 20 MHz bandw1dth'
ﬁo a hiéh of 27 fof a sixreeam>ceverége and 20;MHz bandﬁidth-
in the band 25482686 Miz. | |
- from a low of 68 for a two-beam eoﬁerage and‘ié-MHi bahdwidth'
"to a high of'ézo for a six~beam 00verage_and 22 MHz bandwidth )

in the band 11700~12200 MHz.
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b) Individual reception of FM television from satellites

*i)‘Frequency-sharing feasibility

sharlng with terrestrlal UHF TV in the band 61&-890 MHz is
not feasible.

sharlng with tropospheric scatter systems in the band 614-890
MHz is not fea51blea

sharlng with terrestrlal I systems in the band 25,8 to 2686

) MHZ is fea91ble (see § 7.2) provided that:

-4 dlscrlmlnatlon angle of 10 can be‘achleved. This angle

: would-héve~to be increased if more than one interference
- entry were present,
-~ areas of mutual 1nterference to both the terrestr:al and

satelllte services can be tolerated,

. = areas of 1nterfereﬁce creéted~by £efrestrial ITV stations

inside the satellite coverage area can be tolerated, -

ii) Frequency re-use

1ii)

Within a 90° orbltal are, the same frequency.

can be remused once but the edgacent satell;te mustlbe beemed

at least 3 coverage areas awayAfrem the covefage-afea_oiithe
wanted satellite in the band 614 to 890 MHzs |

can be re-used onee on satellites beamed et_the.semezeoverage -
area in the ba.nd 251;8 to 2686 MHz. ¢ |

can be re-used up to h times on satellltes beamed at the same

coverage area in the band 11, 700 to 12 200 MHZ.'

Estimated number of independent programs

Assumlng an equal dlstributlon of the estlmated number of potential

1ndependent programs between Canada and the U.S. in a fixed 90°

orbital arc the number of 1ndependent programs avallable to

Canada vary as follows:
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- fram a low of 2 for a 2-beam coverage and 22 MHz bandwldth
to a high of 5 for a 6-beam coverage end]fi MHz bandw1dth in
a 100 HHz exclu51ve band between 6lh and 890 MHz,

- from a low of 5 for a 2—beam coverage and 22 MHz bandw1dth to

‘ -a hlgh of 18 for a 6—beam coverage and 20 MHz bandw1dth in the
band 2548 to 2686 Miz. |

- from a low of 42 for a 2-beam coverage and 16 MHz bandw1dth to
a high of 132 for a 6—beam coverage and 20 MHz bandw1dth in

the band 11, 700 to 12,200 MHZ.

c) Communlty receptlon of AM/VSB television from. satellltes .f’

i) Frequency sharlng fea51b111ty )

D sharlng W1th terrestrlal UHE TV and tropospherlc scatter
systems is not feaelble in the band 6lh to 890 MHz, B
- sharing w1th terrestrlal ITV systems in the band 25&8 to o
2686 Miz is not feasible. . S

ii) Freqnency re-use

Within a 90° orbital arc, the’eame frequehey$ 

- cannot be re-used in the band 61k to €90 MHz,

- een be re-used once but the3adjacent satellite must be beamed
- 3 coverage areas. away from the coverage area of the wanted
'satelllte in the band 25&8 to 2686 MHz, The same applles to
’the band ll,700 to 12,200 Miiz, but the adjecent satelliteAV;
st oe»beamed‘z coverage_areas awa§‘instead ofe3¢ '

' iii) Estimated number of irdependent programs

Aseuming an eqﬁél distribution of the estimated number of potential-ri

1ndependent programs between . Canada and the U.,S. in a fixed 90
' orbltal arc, the number of independent programs aveilable to

" Canada is as follows: _
-8 for‘a"lOO"MHz exclusive band between 61k to 890 MHz..
- from a low of 12 for a 2~bean coVerage to a h:gh of 23 for
a é~beam coverage in the band 2548 o' 2686 MHz.

- from a low of 42 for a 2-beam coverage Lo a hlgh of 125 for
a b-beam coverage in the band 11700-12200 Miz.
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d) Ind1v1dual recepblon of AM/VSB Telev131on from satellltes :

i) Frequency sharlngffea31b111ty~

- sharlng w1th terrestrlal UHF TV and tropospheric scetter
; systems is not fea31ble in the band 61h to 890 MHz.:
L - shar:ng w1th terrestrial ITV systems in the band 25&8 to 2686 :

MHz is not fea31ble.

1:) Frequency re-use: -

Withan a 90 orbital ar¢ the same frequency-
- cannot be re-used in the band 614 to 890 MHz.'b _
- can be re—used once but the adjacent satellite must be beamed
| 4 coverage areas away from the coverage area of the wanted
: satelllte 1n~the band 25h8 to 2686 Miz. The same applies to
the band n 700 to 12 200 MHz but the satellite must be beame& ‘
~ 2 coverage areas away instead of 5.

iii) Estimated number of 1ndependent programs

Assumlng an equal dlstrlbution of the estimated number of potential

independent programs between Canada and the U, S. in a fixed 90° of
orbltal arc the number of 1ndependent programs avallable to

Lanada is as follows:

- 8 for a 100 MHz exclusive band between 614 to 890 MHz.';t'j '

- from a low of 12 for a 2-beam coverage to a hlgh of 23 for a
6—beam coverage in the band 2548 to 2686 MHz.~,. | |

~ from a low of 42 for a 2-beanm coverage to a hlgh of 83 for a

6-beam coverage.
e) If>portione of the UHF televisioh band were allocated to the land mobile
~ service (see § 6.5), further study would be‘required to:determine the
feasibility of frequency shariﬁg‘withesatellite broadcasting.
£) The United States and Canada are considering the poesibility of

u31ng the band 2550 2690 MHz for the satelllte—to earth link of the

Earth Exploratlon Satelllte serv1ce : Present 1ndlcat10ns are that, under




g)

h)

i)
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certain conditions (see § 7.5), satellite broadcasting in the same -

band could cause unacceptable interference to the Earth Exploration
Satellite Service but this requires further 1nvestigation.
There are indications that some countries will propose the use of

the band 2500—2690 MHz for satellite broadcasting in Region 3 but

it is unlikely that such systems would interfere w1th nelther ITV‘

‘'systems nor the Earth Exploration Satellite service in our country.'

The 1mpact of deleting the present terrestrial UHF TV allocations '

of, for example, Channels 53 to 70 and replacing them w1th allocations

for teleVision broadcasting from satellites would be as follows.

e_gapproximately 100 out of the total 600‘Canadian:UHF allocations
- would have to. be deleted and could not be replaced' o
) f. 136 allocations in the United States would have to be deleted
and only a very small number of these could be_replaced,
- . 9 operating stations in the.United States would.have;to_chanée>
A channels provided one can be-made auailable'for~each,in.the”
.‘particularly community, | |
- the total cost of changing the operating channels of the'9 USA
stations might be somewhat in excess of one million{dollars; 3
- a.two language.service in Canada-and a three proéram\service_in
the U.S.A. could conceivablj_be provided to»the entire‘area.of
.both countries as it would not be related;to the ¢¢0n0ﬁiCA
viability of many small stations, |
- _the frequency sharing constraints mentioned in § 2.1 a) for .
‘tropospheric scatter systems would either have to be met or

these stations would have to change frequency.

If all of Canada s future demands. for telev1s1on broadcasting from<
satellites which are presently estimated at 64 independent programs

are to be met in a single frequency. band,‘this will -have to be done

in the band 11700-12200 MHz.




iy If it is f0und that only a few independenthprogramsvare‘reqnired and'
‘if;the.conétraints given in h) above can be alleviated1orraccepted;-
.then the 615-890 Mhz band would‘show promise beoauee receiners-covering
that band are already‘in.the hands of the pdblic.~v
k) If, after further investigation;:it'is foﬁndithat:

- the Exploratdon Satellite.serviee can either accept the‘
~necessary sharing constraints imposed by.the Broadcasting“
'Satellite service or can be accommodated in anotherA .
frequency band; |

’v— ~the.Broadcastfng Satellite Seryiee‘eanoaccept.the‘eonstrafntsh;J
listed in a) above. for sharing~with'terrestrial ITV'eyetemsg |
= it is acceptable to accommodate 1ess than the estimated number

of independent programs requlred in a single frequency band

then, the 2548—2686‘Mﬂz_band would shoW'prom;se.for telev131onvbroadcasting

from satellites bacause this band is attractive from a technical and

economic point of view.

2.2 Recommendations:

Based on the above conclusions, it is reconmended thatf :
a) Canada propose the additlon of a footnote to the aliocatlon table of
Article 5 of the ITU Radio Regulations in the band 614 to 890 MHz,
in Region 2, which would permit television broadcastlngvfrom‘satellites,
subjectvto agreement among administrations"whose territorieé:are
affected and which would read as follows. |
"ADD 3243 The broadcasting satellite ‘service also may be authorized
in the band 614~ 890 MHz for telev131on broadcastlng, subject to

agreement among Administrations'whose.terrltorles-are affected.
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c)
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£)

g)
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REASON: To provide for the: development of telev1slon broadcastlng
w1th1n the approprlate space service, w1th1n a band where telev1sion
receivers are now in the_hands of the general public, keepingp;n mind

the existence of established terrestrial services in that band.".

The possibility of‘osing the frequencies 2548 to 2686 MHz as the

‘compahion Earth-to-Satellite band for the 614 to 890 MHz Satellite

_Broadcastiﬁg band be investigated further.

The desirability and feasibility of proposing a frequency allocation
in_the_band 2548—2686 MHz for television broadcasting froﬁ satellites

in Region 2 be investigated further in the light of conclusion 2.1 k).

.Cenade not oppose proposals in either Regions'l-or 3‘for_satellite '

broadcasting in the band ZSOO-ZGQO_MHZ.
Cenada propose a primary allocation for the setellite broadéesting

service in the band 11,700 to 12,200 MHz and a secondary.allocetion

“for the communication-satellite service (limited to-the_distribution-

of television. programme material) in that band.

The poss1billty of using the frequencies 14 575 to 15 025 MHz

as the companlon Earth—to—Satelllte band for the 11, 700" to 12 200
MHz Broadcastlng Satellite band be 1nvest1gated further.

The existing prlmary allocation for terrestrial broadcastlng on
a shared basis with the fixed and mobile'services in the bano

12,200 to 12,700 MHz be retained.



3.

.11 -

ALTERNATIVES

ThlS report covers the’ follow1ng alternatlves-

3.1 Methods of reception:

- individual reception

'~ community reception

3.2 Frequency~bandszv

3.3.

- 614~890 MHz _
- 25,8-2686 MHz
;‘11700-12206 MHz

Types of modulations

- AM vestigial sideband.

- FM

3.4 Coverage zones: .

3.5

= four-beam coverage (2 in Canada, 2 in U.S.A.): 3 eqnlvalent circular
. beamwidth,
- seven-beam coverage (h in Canada, 3 in U.S.A,.)¢ 2 equlvalent circular-
beamwidth,
- eleven~beam coverage (6 in Canada, 5in U, S AJ): 1.79 equivalent
clrcular beamw1dth

Gradés of Services:s
a) for AM(VSB:
§[§*** ' Picture Quality
L5 dB  o Halfway between "fine" and
’ ‘ texcellent" for 75% of viewers
40 aB * upine" for 75% of>viewers.
35 dB .. Approaching halfway between

npagsable" and "fine" for 75%-
of viewers

% as defined in Reference {l]
#% see Table 2=l of Reference{:7}

##¥% Juminance signal-~to~r.m.s. weighted noise ratio
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b) for FM:
s/ " Picture Quality.
50 dB -  "Excellent" for 65% of viekére:
45 aB ﬁalfway_eétween."fine" and
"excellent" for 75% of viewers
LO-dB - "Finen for‘75%‘of'viewersi'»

3.6  Equivalent rectaﬁgular bandwidth- -

- for AM Vestnglal sideband: 4 MHz

~ for FM: 16-18-20-22 MHZ.

by, AS%UMPTIONS
The conclu31ons contalned in this report are based on the ’

following assumptlons for the satelllte system-

h.l Threshold C/N.
10 .dB

h.2 Minimum margin above the threshold C[N- (exceeded for 99% of the tlme)

L dB

4.3 Improvement in S/N from the use of pre-emphasis:

2,5 dB

bl Receiver noise factor: s
- for individual reception: 6 dB

- for community reception: 4 dB

4.5 Video bandwidth:

4.6 Bandwidth allowance for guard bands:

2 MHz

* Juminance s1gnal to-r.m.s. welghted noise ratio

#% 4in the system noise temperature calculatlons, no allowance has been made
- for the presence of indigenous noise.




4.7 Type and gainX of receiving anternna:

’ T These are smnmarized in Table 1 below:
- Type of receptionf ‘ _ - Frequency (MHz)
| 0 | 2600 12000
Individual crossed yagi | 1.5 paraboloid | 1m paraboloid
Community i3 paraboloid 3m paraboloid »i,?m paraboloid
- ‘ 26 dB 3.7 AR | L3S B

Table 1 - Type and gain of receiving anterna

o8 Sidelobe fesponse of both the satellite and terrestrial. anbennae:

“a) for parabolic antennae: .

- mear‘x' ~side10}5e‘resnons_e: 30-20 logyp © L
. ~--r.ms. variations in mean sidelobe -1'eve1: h aB .
- minimum sidelobe response: =10 dr i'elat_ive to isotropic

b) for crossed vagi:

. ' _minimum&is‘.crimination at peak sidelobe lev'el is as per CCIR
Recommendation 419 "Directivity of antemnnae in the reception

of broadcast sound and television."

f Antenna gain is relative to an isotropic source

. _ ~ WX © is the angle in degrees from the main beam axis
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5. NUFBZR GF INDEPENDENT PROOCRAMS REQUIRFED-

CEC, CTV,and CAB were requested to‘giveianvestiﬁaté of their
chanpelvrsquirements'for futuré sétellite broadcasting and"their-replies
may be summarized as follows:

- CBC: 9 channels for one sérvice; plus

9 channeis if second service is required .

These requirements allow for 2 certain amoﬁht of
regional ané provincilal broadcasting as well as
national service in English and French.

- CTV: for'CTﬁ network: .60 ﬁrs/week' o

0700-2L,00 hours
for education: 4’_S0‘hrs/week. o
for CATV distribution: 50 Brs/week dﬁring of f ﬁours
- CAﬁ; 20 channels based on éompetitivéiservices«iﬁ both_
F;enéh and English Qohsidering.hitime zoﬁés and possible
pre-emption of present UHF channels for use.in_direcff
to-home serﬁibe.

This, based on these estimates, a total of 38 chanﬁels~ﬁighﬁ be
required for CBC and CAB plus possibly 16 channels for CTV to‘fulfillythe
above vrogramming hours, azsuming service in both{English and Frénéh. This.
stili does ﬁot include requirements for edncétional.TV which has béen hard.
to assess at the present time. However, if Canada were to be divided into
five regions for educatipnal purposes it mighﬁ_bevlogical-to think of é
requirement of two channels per region, i.e. 10 chgnnéls tqﬁal. This pubs

up the total channel requirements for Canada to 64,
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. Th ghould ber noted that this does not mean a total of 64 -
‘ dlf‘f'erent channels but rather a requlrement for 264 1ndependent pro-w
grams whlch means that one channel mtht be qllocated several tlmes
for dlfferent tlme ZONes - dependlnp on the technlcal restr1ctlons. Thue
.- the total_number of_dlstlnct channels requlred;mlght be 51gnlflcantljzl
less. ' . | | | o

6.. SATELLITE BROADCASTING IN THE UHF TPII’VI TON BAND

Thls study will con31der onlJ that portlon of the UHF band
above 6lh MHZ (i.e0 6lh 890 th) since at the lower UHF frequencles
 the xequlred antenna size becomes ekce531vely large. Moreover5~thls ie."

- the band normally con51dered in recent CCIR- sLudles,

;:651 Examples of telev151on system parameter

' Based on. the assumptlons made in hh 1bove, the teleV151on SJstem
; _ o o cparameters of a number of examnles have been Calculated and are glven 1n '
' Appendn.ces I—a, b, ¢, d, and e. For conve_nlence, a eummary of the requlried". -
:Lfleld strengths and e.i.r.p.'s at the satélllte‘beam.edge is:included in. -

‘Table 2 for FM television and Table 3 for AM/VSB television.

EquiValent .r:

Rectangular |. S/N (dB) | ‘. ho - o ‘\hS" : S
Bandwidth : » 2 SO, - - . NN
(MHz) Type of receptlon _Community Individual {Community {Individualj Community Individual -
16 - - | Field Strength (dBu 26,6 | 37.6. C 3.6 k26 36.6 . '”h7?6h
eci.rep. (dBW) - 13,6 Sh.6 AB,Q 59.6'  - 53.6 e
18 - ' Field Strength(dBu) W 29,6 § L0.6. | . 346 . LB.6
" ¥ esdlerops (dBW) X X 116, 6 57.6- - 5.6 62,6
20. Field Strength(dBu) % - b o 21.9 38.9 32.9- 1 b3.9
» ’ eoloI’oDo (dBW) ] b4 ] .ﬂ' - )4)409 ’ 9509 ) ,4909 6009 . E i
.22 Field Strength (dBu) B % i &} 36 b6
e.i.vep, (dBW) 5 R o It LB.6. ) 596 1

Table 2 - FM television from satellites -
Summary of system parameters.

#t not considered since C/N is less than 1l dB.
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Equivalent o . ‘ g ‘ ‘ o S
tangular S/N (aB) .35 : ho . NI
dwidth ‘ _ , . — e
(MHZ) - Type of Reception Community| Individual} Community| Individual| Commnity} Individial
L Field Steength - k2 .} 53 L7 - 58 -} ‘52 -} 63
(dBu) . ‘ | . C
e.i.r.p. (dBW) 59 . 70 Oh . f 75 ) 69 | 80

Table 3— AM/VSB. television from satellites -
' Summarv of system parameters

6.2 TFeasibility of frequpncy sharing between satel“lte and
terrestrlal broadcasting services

This section deals with terrestrlal UHF broadcastlng as it exists

in Canada and the Unlted States and the fea51b111ty of sharlng the same

frequen01es with FM and AM/VSB telev151on broadcastlng from satellites.

6. 2.1 Standards and Allocatlon Crlterla for UHF Terrestrlal TV

Two grades of 51gnals are- requlred in Canada for UHF TV serv1ce.:n}
These are the Gxade "A" contour which is the boundary of the 7h dBu ﬁ
signal, and the Grade "B" contour which is the boundary of the 6h dBu d
31gnal. Grade A is con51dered necessary for metrOpolltan areas and |
Grade B is con51dered the outer limit of a statlon's service area within ;
which interference from other stations wonldtnot be acceptable, These’
valuas were based on'the fignres in'Tablenh below. More details.are .

giﬁen'in ReferenceL21~..

Grade A | Grade B’
‘Noise voltage at receiver terminals S -
(300 ohm input) dBu 7 T
Receiver noise factor dn 15 15
Ratio of r.m.s. carrlertdurlng sync peak to r.m.s.
noise unweighted in a 6 1Hz channel (equlvalent to | R
a passable picture or better) dB 30 30
' Dipole factor dB -16 =16
Antenna gain Xt dB 8 13
Transmission line loss an - 5 5
Factor for 90% of time dB 3 L
Factor for 70% of locations dn 6 0
Reduired field strength dBu {7k S

Unit

Table I} -~ Factors con51dered for Grade A and Grade B contours

'ﬂ galn is above half-wave dipole
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‘A channel allocation plan for the utilization of the UHF.TV band

by terrestrlal stations has been developed on the basis of. geographlcal

' m1leage separatlons. These separatlons were established from protectlon

to the 6l dBu contour 90 percent of the tlme at 50% of rece1V1ng locatlons

:'for statlons with 1000 KW ERP and 1000 fect effectmve antenna helght The |

co-channel protectlon ratio considered was 28 daB for 2/3—11ne offset

operatlon (45 dB non-offset), and the ad jacent channel protect;on ratlo

was taken as O dB, Table 5 shows the geographical separations used for

allocation purposes, It is to be noted that for each channel élloéatéd

there are 18 "taboos" or chahnels which cannot be aliocated to the'same~__

‘community or to- communitles w1th1n certain dlstances from it,. Wlth thls

number of "taboos" for each channel allocatlon plannlng becomes a very -

‘complex undertaking.,

Channel position relative

Separation e : -

Atq'allocated channel (Miles) Reason or type of interference

Co-channel - 175 co-channel'S/I'
T 1st Adjacent 55 * Adjacent Channel S/I-

¥ 2, 3, 4, 5 channels 20 Intermodulation

¥ 7 chamnels 60 Oscillétbr radiation

F 8 channels 20  I.F. beat

T 1, channels 60 Sound:image'freqﬁency"

T 15 channels 75

Picture image-frequency'

Table.5 « GGeographic separations-for_UHF channel allocation,
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6.2.,2. Requlred protectlon ratlos

“a) AM/VSB Terrestrial TV serVice;-protection from FM'satellite TV siéhals
| Referencei”Bj descrlbes the. only publlshed experxmental work _
A1n this field. According to this reference the requlred ba51c,
protection ratio is.37 - L8 dB‘depending'mainLy oh'the program.A
vcontent and recommends the use of 43 dB as a good eferage for
planniog purpoSes.' Add to this a «3 dB ellowanoe for'poiarisatioh p»
" discrimination (cireular for satelllte, 11near for terrestrlal) and

" the requlred protectlon ratlo becomes L0 dB.

" b)) FM satellite TV Serv1ce protectlon from AM/VSB terrestrial TV 51gnals
| Agaln according to Reference[ 3] the requlred ba51c protectlon
ratio is 16 - 26 dB depending mainly on the program content. - A flgure~
~ of 2). dB could be con31dered as a good average for planning purposes.
-*Considering_the following addit;onal factors-which affect signal
:"reception; the‘required protection ratio becomesé |

‘Basic protection ratio © . - . .- 2L dB
Linearwto—circular polarization discrimipationi -3 dB

Possible pointing error of earth and

- satellite antennae o . o 1l dB
r.mn.s, variations in mean 31delobe level o |

" of earth receiving antenna : : . 4 dB
Required Protectioﬁ Ratio 23’dB

c) AM/VSB terrestrlal TV service - protectlon from AM/VSB satelllte
TV signals '
As explained earlier in §“6 2.1 the basic protection ratio for
two co-channel terrestrlal stations for a TV picture of "passable"
quality is 28 dB with 2/3 line offset operation ot 45 dB w1th non-
offset operation.

' Because of the ub1qu1ty of the satelllte s1gnal frequency—offset
operation is 1mpract1cable Also, because of- Doppler frequency .
shifts of satellite transmlss1on, it is believed that at present,'

~carrier frequency tolerances of 1.5 Hz (see footnote to § 2.1.1 of GCIR
Recommendatlon 418-2) are impracticable. Thus, the protection ratlo
of 45 dB, given in CCIR Recommendation 418-2 for carriers separated

by less than 1000 Hz but not synchronized. would applv for plannine
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purposes but 6ﬁiy'for'a’sméliuberEentage of the timefwaHeﬁwiﬁte?TEEéﬁeeﬁ“”
is present for a iarge peréentage of the time, as is the case for
A " satellite transmissions, the. criterien of "just perceptible interfe-
‘ o rence" should be used (see CCIR Report 479) and the requ1red

protection ratlo would then be 10 to 20 dB higher (see CCIR Recommendatlonf
418-2). Actually, for system M and worst-case carrier separatlons
_of less than 1000-Hz,eReference [Zg/shows~a ratio of 53;dB for a
bicture quality. half way between "exeellent" and "fine"; for 502 of
the observers. This quality would result from just perceptible
interference. Therefere, for this case, a basic protection ratio
of 53 dB has been selected. Add to this a -3 dB allowance for
polarization discrimination and the requ1red protection ratio
becomes 50 dB.

d) AM/VSB satellite TV service - protectlon from AM/VSB terrestrlal
IV signals

In this case, the 1nterference would be present for a- small

percentage of the time and the 45 dB figure. mentloned in. § 6. 2 2c)
above has been selected for the basic protectlon‘ratlo.' Conslderlng
the following additional factors which might affect signal reception,

the required protection ratio becomes:.
Basic protection ratio ‘ . 45 dB -
LinearwtOwcircular polarization discrimiﬁation’--deB

Pogsible pointing error of earyh and

satellite antennae _ " , 1 dB

Rem.s. variations in rean sidelobe o ‘

level of earth receiving antenna ‘ - L dB
Required vnrotection ratio . 47 dB

It should be noted that the above_vélues are .for ce—chennel opera-
tion only, but there are also liﬁitations for adjacent channels.
HOWever the effect of the other "taboos', whieh depend méinly;on>

receiver characteristics, has not been established and it would’
be assumed that they would have ho,effect on or from eatellite

service due to better receiver characteristics. However, this is
X See reference [h]
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an aiea which requires further study.’

Oede 3 Sharing Considerations

(a) A} /VSB terrestrLal TV service - sharlng wmth FN satelllte TV s1gnals

As’ explalned in § 6.2.2. a), the requlreo protectlnn ratio
is 4O dB. |

If we take s es a llmltlng condltlon, a mlﬂlﬂum C/N of 1h dB or a
minimum u/N of L dB, whichever cowes fqut, 1t can be seen from
Appendlx‘l that the required fleld_strength at the edge of the beam
is 26.6 dBu for commupity recepticn, This,is equivalent to a_réqnired
field strengtk of 29.6 dRu at the centef of the béam; ‘For ﬁhat éase,
‘thgkréquired discrimination angle between the diréctidp~of the satel- -
1ite and the.receiving,antenna main beaﬁ axis can be derived}as foildws:

Minimum signal to. be protected in terrestrlal

service (dBu) ' ;:,6h
 Less required protebtion\ratio (daB) T =ho -

. Maximunfpernﬁssible satellite signal (dBu) . - . N _
Mininum requlred satellite signal at the - - o
center of the beam (dBu) - 29.6 ¢
Less maximum permissible satellite signal (dBu) -~ =24
Required antenna discrimination (dB) - 8.6
Required discrimination angle between the direction
of the satellite and the receiving antenna malr beam ;
axis (see CCIR Rec. L19).. . : o330

TFor 1puiv1dua7 reception, a minimum f191< strergth of L0 dBu is
requlred and sharlrg is deflnltelv not ’eaulble. The requlreo,dlscrlmlnétion
angle st be increased when there is more than one interference entfy; Furthef-
morey satellltes n051t10ned inside the longitude of Canada and the United States
are visible at an elevation angle of 33° in most of.the United States.and in
the.southérn portions 6f Canada. Therefore, Lor cornmunity receptlon sharing can
be conslderea marglnall" feasible to. achleve ir these areas provided there is

only one ;nuerference entry. For individual receptlon,-a*mlnlmum field strength

of 40 dBu is required and sharing is definitely not feasible.
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(b) TN satellite TV service - sharing with A¥/VSB terrestrial TV signals

Due teo the nature. of terrestrial broadcastlnc, the terrestflal Sanal
strength varlee from qeveral V/m near the transmltter to an 1n51vD1Flcant sig-
nal at dlstanCes far away:from the transmltter. These dlstanges are‘aependent
_on the vower and anterna height of the terrésﬁrial.sté£ion"énd‘§n ﬁﬁe h§ture"
of the intervening terrsin. Thus, the terfes?fial statibns'will alwayé create
an area of interference in the satel]ite‘service. The size of - thls area is:
dependent on the sauelllte rece1v1ng antenna dlscrlmlnctlon (Whlch is depen-
dent on the elevation angle) and on the nower and helght of the terrestrlal
:statlon. |

As an example, -if we take 500 Latltude as an aVerage 1ocﬁtlon i
in Canada and assume the satelllte p051t10n at the same longltude as _

. the earth_statlonty the sateillte elevation angle will be 33° and for comm@nity
recépﬁion; the receiving antenna discrimiﬁation aﬁ ﬁhis angle wi11 be.26_dB.:
. The maximum Dermissiblevterfestrial signai 1évei can be-dériﬁedxés'f0119WS:

Minimum satellite ‘signal to be Drotected at the edge

h.“-—‘—‘;

_of the beam (dBu) : o B 26.61’
Less required proteétion ratio (aB) = . S ’ sz
Plusnreceiving anterna discrimination (dB) o :.:26 '
Maximum permissible terrestrial signal (dBu) o B 29 6

For a UNF staticn of ERP 1000 Kw‘andieffective antenna height of 1000
feet the é9,6'dBu terrestrial signal falls at a distance of approximately
170 miles from the transmitter (using curves for SC%~of the_locatiqps, 10%.of
the time). ‘This means that_beyénd a radius of.;70 miles from a co-channel’
terrestrialvstation, satelllte service would be recelved Wlthout harmful -
1nterference, within a radlus of Lk mlles (locatlon of the 6& dBu 81gnal) from

the terrestrial statlon, the terrestrlal service would be received without
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harmful interference; howaver, in the ares betWeen the hL and 17O miles
radii rom the terrvstrlal statior, harmful 1nterference could oceur for -

both services. Ulthlr this area, use of still better antennac with better

dlqcrlmlrctlon ccould ccntrLbube to solve thls wrob]em

¢) AM/VSB terrestrial TV service - sharinp with AM/VSB satellite TV sipnal”

If we take as a llmltlr{ case, a minirum S/N of 35 dB, it can be seen
from anpendlx I-e that the mlnlmumreaned field strength at the edge of the
beaﬁ is 42 dBu for communlty receptiori. Tnls is equlvalent to hS dBu at the
center of the beam. The requlred antenna dlscrlmlnatlon between the direction
of the satel1ite and the recgiving.antenna main;beam axis can be derived as.
follows: | |

Minimum signal to be protected 1n ‘the terrestrlal

service (dBu) A o -éh“
Less required nrotectlon ratio (see & S 6;2;é. c) (dB) 50
Maximum permiésible satellite sighal (dBu)} h—IZ
MlnLnum regnired satelilte signal-at the center ' 4 ";
of the beam {dRu) ’ _ : : ‘ L5
Less maximum permissible sauelllte 31gn91 (dBu) | 2514“-
Required receiving antenna dlscr;mlnatlon (dB) i : -31"

Since, from CCIR Rec. 419, the maximum available receiving antenna
dlscrlmlnablon is 16 dB, it can be concluded that sharing is definitely not
feasible under these 01rcumstances, and there is ro need to examine uhe effect

of terrestrlal signals on AM/VSB satellite TV serv1ce.
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6.2.4 Conclusion '
It can be cdnciuded from the above considerations that, for -

Canada:

will not cause more than Jjust perceptible. interference to AM/VSB terrestrial
TV provided that:
- a disqrimination anglé of 339‘can be achieved. Thié éﬁgle::mu ”
- would have to be incréaSed if more than one interferénce
entry were present;
"= ' areas of mutual interference of both the terfestrial and
satellite services can be tolerated;
- areas of~intefeferenge preated by the terrestrial_UHF'TV o
station inside the satellite coverage area éan.be'tdlefated;. .
. b) FM television brqadcasting_frpmlsatellites for individual re¢eption
cannot share frequencies with AM/VSB térrestrial»TV.
- ¢) AM/VSB television broadcasting from satellites for either ‘
community or individual réceptioﬁ cannot share frequencies with AM/VSB

' terrestrial TV,

6.3 Feasibility of Frequency Sharing with Tropospheric Scatter Systemss

6.3.1 _Status of frequency allocations:

In Regipn.l, stations of the fixeﬁ serVice using:tropSSpheric.
scatter may and do operate in the bahd.79Q-960‘Mﬁz sﬁbjéptA‘

fo égreanent between the Adminisﬂiations.coﬁcerned‘and:éffecﬁéd.:
Such;operatibns in the band 796—860 MHz are on a secondary

baéis to those of the broadcasting service;

a) FM television broadcasting from éafellités for commnity reception
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6. 39.30 t

- zu - |
In Region 2, Canada }ao mace Lrequercy'allocatlons to tropospherlc
‘.scatter svstems in bhe band 61h-! 190 JHz on the cond:tlon thet
it would not cause barmful 1nterference te the broadcastlnp ser-
vice. |
- In Reglon 3, statlons of the flxed serv1cetu51ng tropospheric
scatter have primnry status with the broadcautlng and moblle
services in the bend 610-890;MHZ exgept for Indla ana‘Paklgtan
'in ‘the band 610-960 ¥MHz and Australia in thé band-élé—82d'NHz.
‘where these banos are al]ocated only to the broadcastlng serV1ce.

Tvplcal troposvheric scatter system parameters

- This study is based on the followmng paraméters:'
- “receiver ﬁoisevhandwidth at -3 dB points: 7 Miz
- redeiﬁer noise.power in the occupied bgﬁdwidtﬁ: -132 dBw‘.
- . feeder cable loss: 1.5 dB |
- peal: sidelobe~requnseﬁ- the receiving anﬁenna is.ﬁbrmélly;not
designed to minimize the sidelote respohse to tﬁe‘Same.exteﬁt
as fér éarth~station antennae. - The minimum,pcak'sideloﬁe'response
"'caﬁ.ﬁsualiy be taken as O dB.: An examihatiqn of typical tfbpospheric’
scatter system éntennae indicate‘that this‘isotropié 1evel of peak

sidelobe response' falls around 28° off the main beam.

‘Potential interference from satellite:
_If we teke as a limiting case, for community reception of FM television,

a minimum.C/N of 14 d3 or a minimum S/N of LO dB, whichever comes first,

it can be seen from Appendix I'that~thé requiréd e.i.f.p. from’the

satelllte at the edpo of the beam is h3 6 dBv, Thls is equlva]ent to
an EeleTeDs oi LE. 6. dPW at the center off the becu For that case,
Athe co-chanriel satellite interTerence roise power at the‘ﬁoint‘of_
minimumn peak sidelobe response and into the troposcatter system

receiver input can be derived as follows:
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-~ satellite e.i.r.p. abt center of beaﬁ (dﬁﬁjf-'- "ﬂb,b
- frég space attenuation (dB): : o » 4182.55
- circulsr~to-linear ?oiariiaﬁion;ldss_(dB): '  %: 3QQ>
-A peak .sidelobe response (dB): . T s | 0
- feeder and filter 1o§ses (dB):i : A j- - j':-vl1g5;
- sateliite interfer@née noise'power (QBH) o g --139{9 dBiW -

This is ~139,9 + 132 = =7.9 dB below the receiver noise level
‘Qr'a decrease in thegthreshold margin of 0,65 dB which oéh be chSidgfed_
marginally acceptable. However, édditionai interference éntries-could
reduce the threshold margin even further. |
6.3;h Conclusions:

Co-channel sharing between FH television frémléatellite for‘”
commuqity reception and ‘tropospheric scaﬁter sysﬁeﬁs isAtherefpre marginally
feasible provided the following conditions are meb: |

= assuming no satellite antenné discrimihaﬁion, the»v
>>tro§ospheric sCétter anteﬁnaAsystem is;pdinted.ﬁCre

than 28° off beam from the satellite.

~ the satellite esi.r.p. abt the center of the beam does not
exceed L7 dBY.
- there is no more than one inverference entry.

6.y Effects of Fxclusive Allocations for Jatellibte Broadcasting on Terrestrial
i)
UHF TV Allocations ' '

6.1.1. Review of existing situation

There are close to 600 allocations in Canada on UHF channels 15;-83
. with only one low power station operating on channel 73: In ﬁhe United States

there are close to 1250 allocations including 280 stations on channels 1l=70.



= 26 -

Channéls 70—83 are not included in the T, S->allocation olahvand thev-are for

low power statlons (translators) on. a non-interfering, no- Dro ectlon ba51s.

There are about 800 translators in operaJ101 whlch orov1de in some cases the
only service to their communltles.
The possibilities of exclusive allocations for broadcasting from

satellites have been considered on the basis of'Canada being,allocated'channels

63-70 and the U.S. chamnels 53~62, for either commuhity or'individual reception.

In that case, generallyhchaﬁnels 53-701ﬁoa1d.have to be reserved ln_both coun~
tries for the spaoe service. lt is conoeivable_that if these ohahnels‘could_Be
made.available a service in both English ahd Frenoh for Canada andia-three o
proaram serv1ce for the U.S Ae could be provmded. | |

Such a space svstem would eliminate 121. allocated channels in
Canada and 136 allocated channels in the U.S.A. In Canada we have ‘one. low
power station operating on channel 73 and in the USA there-is-one“operatingf‘

station between channels 63—70. There are ho.Canadian stations'operatlng be-

. tween channels 53-62 whereas in the USA there are 8. ooereting-StatiONS} Othér, .

channels conld probably be located for these ooeratlnc statlons, but not for
most of the al]ooatnons whlch would have to be deleted, As serv1ce to the
communltles wtere the chamnels are presenth'allocated would be- prov1ded through
a space system rather than a terrestrlal systeng these communltles woald not
necessarily lose service. _However, the space~serv1ce would be more~natmona1
in~soope while the terrestrial,service,could be more looal ihAcharacter.

The total. cost of cnanglng the operatlng chan1els of the 9.US
stations might be somewhat in excess of one million dollars. cher costs
would probably be intolved for.commeroial injury. Compared to the substantial_
satellite broadcast costs.for developmeht, production and lauhch, the'cost of

changing channels for the nine operating stations may.not be excessive.
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6olia2 gggglusioné
Based on the above censiderations cn +he exclusive use of.
channelq 53 to 70 Por e19v151on brnadcaqtln from satellites we can draw"
the following conclusions: | _ ‘. |
| - approximately 100 out éf the total 600 banadian'UHF élloca-
tions would'ﬁave to be deletéd and could not be_ieplaced; 7‘
-  136 allocations in the Uniteﬁ States wquld'havé to be_deleted>
and only a'Qery small number qf these cou1d~be répiaced;
:7 9 operaﬁing stations iﬁ_the United States wdﬁldlhéve to chaﬁge
channel provided one can be n-ladé‘avai_la’-ble‘f“of 'bhe’bar‘t‘;iéula’r
communlty, | | | |
- the total cost of changlng the operat:np channels of the 9
USA stablons might be somewhan in excess of one mllllon doTlars,
- a two language service in Canada and a ‘three. program serv1ce in
the T.S.4.- cnu]d4conce1vably be prov1ded to the- entlre area of:
» both countries as it w011d ot be related to the- economlc
, v1ab111ty of many small stathns.

6e5. Telev1 ion broadcastlng from oatelllteq and 1ano mobile services.

In the past few years it has,become increasingly difficult to
assign frequencies to land mobile ser#icesvin major'cehtres in @hé United
States. As a result thé land mobile users ﬁave been’éxerting pfessure for
the use of parts of the UHF band allocated for telev1slon.‘ ThéxF C-C;'ié:
presently Suudjln” several pronouals 'such as the usey bJ 1and moblle, of
Channels 14-21 exclusively or on the~basls‘qf geographlc shaplng-wlth‘UHF-TV,
or Channels 70-83 exclusively. A decision on this prqblem;is expeéte& sometine
this yEar. It should be noted that this has not yet beqémé.a:problém in Gaﬁada;

| Should land mébile éervices‘be élloﬁed'part of the UHF band which-
would be of interest to satellite broadqasting\a.studyvwo@ld ha§e t¢“be médé

t0 determine sharing possibilities.
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6.6 Required'engular separeﬁion.between Satellitesv

6. 6 1 Requlred protection ratios between satelllte systems for
television broadecasting « . .

) WM/USB to_AM/TSB

In.the present ceseg_there willsbe a nearly constant‘fatio:of
signals. As a result; the crlterion of "Just perceptible,:l 7
"‘1nterference" 6ught to be used. Therefore, the basic
~ protectidn ratio can be taken as 53 dB as proposed in ;.‘

8§ 6.2.2 ¢) above..

':jFor ad jacent channels, the ba31c.protectlon ratlo‘can be”
baken as =6 dB. | |
b) P to P
| 'Reference [5] statee £hat the basic profeetien fatic redﬁired '

) between two co=channel colour M- telev151on 31gnals w1th 8 MHz
peak~to-peak deviation is 30 dB for Just perceptlble 1nterference.
Furthermore, thls protectlon ratio is approx1mately 1nversely

' proportlonal to the square of the peak-to-peak dev1atlon. For |
the four bandw1dths considered in 6,1 above, the follow1ng "
basic protectlon ratios are requlred

. for 16 MHz eccupied bandwidth:' 30,4 dB-

-‘for 18 MHz occupied bandwidth: 28.4 dB
- for 20 MHz occupied bandwidth:. 26.8‘dB

-~ for 22 MHz occupied bandwidth: 25,4 .dB

Fof‘adjacent channels, the basic protection ratio ean be taken

. as =b dB.
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: 6.6.1 o.c»-COn‘b'd

¢) Allowances required in addition to the basic protection ratio

They include the following:

reduction in the level of the wanted signal at the edge

~ of the beam: - S - 3dB

possible poinfing error of the earth énd satéllitelanﬁenna: 1 dB

14

TS, variations in mean sidelobe level: : .l g ' "4 dB

!

allowance for a number of interference entries:

one entry 0 dB
two entries 3 dB
four entries _ L 4B
six entries - heb dB
- eight entries . . - L.6 dB
ten entries ' 4.7 dB
twenty. entries L.9 dB

6.6.2 Method of Caleulation |

Reference [5}'proposes the following expression for the mean sidelobe .

levels of small antennae well outside the main beam: ~ *

10 logyg G.(O)‘% 30 - 20 logyg 4B (1)
‘whére G (8) is ﬁhe gain, at an angle © from the
 axis, of the‘antenné.relative £o an isotropic
radiator, | |
From that equation, we can derive the following expression for

the‘discrimination'at any angle ©:
A | | | .
10 logyy G (8 = 0°) = 10 logyp G (8) = 14+20 log § = (2).

‘where §§ = satellite half-power beamwidth in degrees.

6 = angle from the axis'in‘dégrees.

Fuithermore, it is unlikely that the minimum mean sidelobe response

' will fall lower than — 10 4B,
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‘6.6,2 ee. Contvd

Aquatlon (2) will apply only for communlty receptlon.' For |
1nd1v1dual receptlon, the discrimination glven in CCIR

Recommendatlon 419 w1ll be used

 Assuming a lattlce of circular _coverage areas, as descrlbed in

Reference [5] the angle X subtended at the satellite betwsen
the center of a given coverage area and the edge of another

coverage area can be given by the following expression:

§-fo-nvs-ofg o
whefé N = number of - 1nterven1ng coverage areas between

‘the two coverage areas con51dered

¢A= half-power beamw1dth in degrees.

Example: Let ué.dalculate the required angular separation beﬁween‘
two co=chamnel FM sateliites aimed fesﬁectively,at the lst;andl
3rd coverage afeas (e.g. one intervenihg coverage,areé:betWéen
the.twovcovefage.areas considered), The required‘protéction‘ratio
can be derived as follows: |
~ bagic protection ratio (assﬁming 18 MHz equiv, rec,

‘bandwidth) (dB): o o s
- allowance for_réduction in the level of the wanted |

signal at the edge of the beam (dB): ‘"A .. 3.0
~ gllowance for possible pointing error of the earth and

satellite antenna (dB) ) ' . | ‘: ',' k 1.6
- allowance for r.ms, variations in mean sidelobeilevel (dB) . 4.0
- allowance for a number of interference entries (assuming

four entries in the present case) (dB) ‘ - 4.0

~ required protection ratio (dB). , CL0.4
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The<availab1e’protection from the satellite éntenna can be.
derived as follows: | |
' Using equation (3):
¥ = [a+0VF ] §=2.°
Using equation (2): where © = 2.46°

satellite antenna discrimination‘% 14 +20 log 2.46 = 15.8 dB

The required protection from the receiving antenna is, therefore,

404 = 15.8 = 2.6 dB.

For community reception, the. required angle of satellite
‘ sepéfatibn can'be‘dérived as follows: |
Using equation (2):
@ | o 26710.1ogldc(0)=2a.6 dB
| 10 logyo G (©) = 1.4 dB
;Using equation (1):
1ok = 30 = 20 logjy 6
. o éz? :
'Fof»iﬁdividual reception, the required protection of 24.6 dB'
cannot be achieved since from CCIR Rec. 419, ‘thema;c:u'nuin |
discriminatién available is 16 dB, Therefore, the ad jacent
co-channel saiellite muét be beyoﬁ@ r#dio line of sighié@f'ﬂxareceivihg
antenna. This would still apply if only one interference eﬁtry |

had been assumed.

6.6.3 Required angular separation between satellites for AM/VSB systems -

. ' Table 6 gives a summary of results based on the method of

\ o calewlation in 3 6,6.2 for a number of cases applicable to the

Canada/U.S.A. situation.
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Requlred Ang

Ipr
egrees)

Fquivalent rectangular bandwidth (Miz)

separatlon

Types of reception .

Community

- Individual

No, of
Interf,

- Entriegist

Case 1: TWo adjacenﬂ co~channel
satellites aimed at the same
coverage area N

Case 2: Two adjacent cowchannel
satellites aimed respectively at
the lst and 5th coverage areas

Case 3: Two adjacent co~channel
satellites aimed respectively at
the lst and 6th coverage areas

Case g: 'I‘wo adJacent satell:\.tes on
ad jacent channels a:.med at the same
_coverarre area

s
>R

96

b4

Table 6

- for AM/VSB systems

Requlred ane'ular separatlon between satellltes

% adJacent co-channel satelhte must be beyond radlo ln.ne of s:Lght of the

rece:\.v:mg antenna,

8¢ maximum number of potential interference entries s always assumed.

6.6.4 Required angular separation between satellites for FM systems -

Table 7 gives a sinmné.ry of results baSed on thé method of

calculatlon in § 6, 6 2 for a number of cases applicable to

the Ca.nada/U S.A. s:.tuatlon.
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{Required angular separation (degrees)
Bquivalent Rectangular bandwidth (MHz) W6 |18 20 22
Type of reception. - | Gom,} Ind.| Com, {Ind, Com,}Ind, Com,|Ind,
' No, of ! ] g
entries® o i
‘ _ ] 1 1
Case 1l: Two adjacent co=-channel satel= 1 93 | * /AR *AE 3*
lites aimed at the same coverage area 2 - . R T T - ¥ RN
Case 2: Two adjacent co-channel satel- 1 b o 83 1 % |69 *'%‘ e
lites aimed respectively at the 1lst : ‘ i
fand 2nd coverage areas ' _ 2 ) . 83
Case 3: Two adjacent co-channel satel- N o R *'% *
lites aimed respectively at the 1lst Lo 4 34 217 ‘ ;I
and 3rd coverage areas . 6 g - 23 L
8 § :‘,-_'1' y 20
1 case 4+ Two adjacent co-channel. satel~ 1 U R 'Y EAV-TI
| ¥ites aimed respectively at the lst. .2 o i : B 60
{ and Lth coverage areas 8 21 g' S S SRS :{ _ 4
. o 10 - P b g 122
 Case 5: Two adjacent co~channel satel= 1 YA RN URREE SRR B 4
 Tites aimed respectively at the lst 2 o 1 60p -t ossE o Bad
land 5th coverage areas 10 15.3 i 12,2 1 10,3 g 8,6]
'Qggg_é Two adJacent co-channel satel~ 2 R SR N5 % BTNt % % B A&
llltes aimed respectively at the lst 10 10,9 1 9.kl b & 4 6,7
tand 6th coverage areas ' : SO N N l_ , i
| Case 7: Two adJacent satellites on 1 0 3 0L 0 ¥ 0 O } 0; o O’
{adjacent channels aimed at the same 2 T N
coverage area ! ; a0 % =
i i i ;. [

Table 7: Required angular separation between satellites for FM syétemsf .

% adjacent co=-channel satellite must be beyond radio line of sight df the,

receiving antenna,

¢ maximum number of potential interference entries is always assumed,

6.6.5 Conclusion

Based on the above results, we can conclude that:

= for community receptlon of AM/VSB television broadcasting from

satellites, the flrst adjacent ‘unwanted co- —channel- satellite must

 be beamed at 1east 5 coverage areas away from the coverage area of

the wanted satelllte

- for individual receptlon of AM/VSB telev151on broadcasting from

satellites, all adjacent’ unwanted co—channel satellites must be

beyond radio line of sight of the receivingﬂantenna.
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: . : _ for community reception of .FM-tel'evision-jbroadcasvtj_ﬁg' from ;satellites,
. the same frequency can be re-used once within the longitudes of

Canada and the United States on adjacent co-channel. satellites heamed
at the same coverage area provided there is adequate angular separat1on
between the satellites. The requ1red angular separatlon decreases
as the equ1valent rectangular bandwidth increases. o

- for individual receptlon of FM telev1s1on broadcastlng from sate111tes,

: the f1rst adJacent unwanted co-channel satelllte must be beamed at

least 3 coverage areas away from the coverage area of the wanted sate111te

6.7 FEstimabed number of potential independent programs

6. 7 1 Ona frequencv-shared basis:

“If the constra::.nts g:Lven in §6.2,4 for frequency shar:mg wn.th UHF
"t'.srrestrlal iNTA could be met then the est:l.mated numoer of potentlal
mdependent programs ‘available in a fixed 90° of orbltal arc would

be as given in Table 8 for conunu.n:l.ty recentlon of I‘H telensn.on

' from satellltes in the band 614=890 MHz,
Number of : : o - Lo
Coverage areas | Canada ' 2 - L - ' 6
UoS,A. "2 . -3 ] 5

Channel bandwidth (MHz) 18 |20 |22 {24 [18 |20 |22 ‘2 | 18 2o‘g22 2
Equivalent rectangular e SRR R I ; o ; |
bandwidth (MHz) T |16 118 {20 {22 {16118 120 22| 1618420 | 22.
Number of channels availakle |15 {13 |12 |11 {15 |13 {12 (11|15|13 {12 |11
Egtimated number of potentlal _ 1 1. : ‘ : ‘ g N
independent programs - 15 {26 [24 [22 133 ]41 {38 (35| 451521487 44
Minimum number of orbital o ‘ E

1 positions required 1 2t20 21304044l 30 &0 41 4

‘I‘able 8: Frequency-shared allocation -~ FM satellite = Conmﬁmity» reception

6.7.2 On an exclus:Lve allocation basn.s

If a 100 MHz Miz portion of the band 614=890 MHz was made available on -

an exclus:we allocation bas:Ls s then the estimated number of pm,entlal
. ‘ o mdependent programs in a f:uced 90° of orbital arc would be:

‘ a) for. FM television from satellites:

~ a3 in Table 9 for community reception
~ as in Table 10 for individual reception
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b) for AM/VSB television from -satellites:

- = as in Table ll for community reception

- as in Table 12 for individual recept:.on

Number of { Canada 2 b
‘Coverage areas |y.s,A, > 3 5
Channel bandwidth (Miz) 18 |20 [22 |24 |18 [20 |22 |24 |18 |20 |22 |24
Equivalent rectangular .- ‘ : :
bandwidth (MHz) 16 |18 120 122 |16 |18 {20 |22 {16 |18 |20 |22
Number of 'chan_nvels“ available | 5 stulals 5 3 I T I B O A £
Estimated number of potential o . N N A 1 , .
independent programs 5110} 8 8|11 |.16]13].13 {15 |20 16 {16
Minimum number of orb::bal , » - e i.

| positions requlred 1l 2212314 4] 43V A414]4

' Table 9: Exclusive allocation =~ FI sé‘tellite - Community reception

* Number of Canada 2 L 6
Coverage areas | {,S.A, 2 3 5
Channel bandwidth (MHz) 18 {20 |22 {24 |18 |20 |22 |24 {18 |20 {22 |24 |
Equivalent rectangular .

bandwidth (MHz) 16 |18 |20 {22116 |18 |20 |22 |16 |18 |20 | 22
Number of channels available '} 51 5| b | &) 515 4| al5| 5] 4] s
Estimated number of potential| S |
independent programs 51 5 L)1 41 54 7] 6 ‘6 10f1lof 8} 8
Minimum number of orb:.tal ‘ | :
positions required 1y Lyl 112122 2) 222

Table 10: Exclusive allocation = M satellite = Individual Receptioq
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Number of | Canada 2 L 6
: Coverage areas U.5.A. 5 T3 5
Channel bandwidth (MHz) 6 6 6.
| Bquivalent rectangular bandwidth (MHz) | 4 3 4
Number cf'chahnelg aVailable‘ R 16 16| 16 -
Detimated number of potential SO T
| independent. programs %o 16 . 16
: Hinimum number of orbital - S » |
positions required 1 1 1
Table 1. Exclusxve allocations ~ AM/VSB satellite o
. Community reception S : o
Number of . = | Canada - : 2 L 6
C°Veliage areas Vu.s.h. 1T 2 | 3 T 5
Chaimnel bandw1dth (MHz) ' 6 6 6
-Equlvalent rectangular bandw1dth (vHz) I : .'h : ' A
Number of channels avaalable ' 16 16 16
Estimated number of potential : : | .
independent programs : 16 - 16 16
Minimum number of orbital 1
positions required ' . 1 1

Table 12: Dxclu31ve allocatlons - AM/VSB satelllte -
Individual reception

6.7.3 bbnclusioh |
Based on the above results and assuming an equal-distributionrof'
‘the estimated number of poﬁentiai independent pfograms in>a 900_
of orbital arc between Canada and the United States, the follbwing
cohclusidns can be drawn: | |
- for AM/VSB television from satellites‘whetﬁer for community.of ‘

© individual reception and independent of the number of coverage
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‘areas, the estimated number of independent programs for

- Canada would be 8 for a 100 MHz exclusive band.

‘ --for FM television from satellites for communlty reception, “
.'the estimated number of independent programs for Canada
yar;es from a low of 8 for two-beam‘coverage and 16 MHz
‘bandwidth to a high ef 26 for e sibeeam ceverage and
20 MHz bandwidth in a 276 MHz shared band In a 100 MHz o

exclusive band, these values are 3 and 10 respectively

- for FH televzslon from satellltes for individual receptzon,‘
the estimated number of 1ndependent programs for Ganada
varies from a law of 2 for a two-beam coverage and 22 MHz
bandwldth to a hlgh of 2 for a six-beam coverage e.ndl6 Mz

'bandwndth in a 100 MHz exclusive band

6.8 Recommendations

'e)'Canade ehonld propose a footnote to the allocetion table, in the
band 614-890 MHz , Ain_ Region 2, which would permit television
broadcasting from satelli e, subject to agreement among the
‘adm1n18t.rat10ns whose territories are affected for the follow1ng reasons:
- frequency sharing with the exlstlng terrestrlal services in
that band might be workable within the llmltatlons given in
- 8 6.2.4.

~ there is a need for more study to determine.whetner these
cenditiqns are realizable for a Qiable satelllte eystem.

‘;.there is a need for further study‘to‘determine if the impact
of exclusive allocatlons for the broadcastlng satellite serv1ce
on exlstlng terrestrlal services prevails over the need for such

a satellite service,
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 The Canadian proposalréhould read as folldws:

"ADD 324B. The broadcasting satelliteiser&iée also may:be :

authorized in the band 614-890 MHz for televisidn‘broad—:

casting, subject to agreement among Adminisfrations whose

'_territories are affected.

REASON{ To pro&ideifof the‘development;ofAtelevision‘broad— 
casting ?ithin the appropriate spaceLservice, within a baﬁd
whefehtelévision.receiﬁers afe now in ‘the hénds of éhé. |
géﬁerél public, keéping‘in mind thé éxiéteﬁce»of.éégabliShed

terrestrial services in that band.'
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.' 7. | SATELLITE TELSVISION BROAUCASTING IN THE BAND 2548-2686 MHg
7.1 'EXampleSuof-teleVision syétem Darametefs

‘Based on’the assumntibns madé in:h abofe, the.télevisiqn;system .
~ parameters of a»ﬁumbef_of examples\havé been cai¢uia£edAand afe
glven in Apoendaces II - a, b, ¢, d:and e
For convenlence, a summary of the requlred fleld strength and e.l.r ﬁ.'s
at the satelllte beam edge is: glven in Table 13 for FM telev1sion and

Table 14 for AM/VSB televms1on. '

Equivalent - S/N 40 o L5 B B 50
Rectangular : e : e e e By b : e *
Bandwidth Type -of Community | Individual {Community } Individual{CommunityjIndividual
(MHz) Reception ~ : - ; : ST
‘ 16 | Pield Strength| 27.6 35.6 32,6 | k06 | 37.6 45.6
(dBu) o
e.i.r.p. (aBW) b5 53} 50 o5 | 55 1 .63
18 F:Leld Strength ~ b 3006 0 38.6 | 35.6 43.6
(dBu) o ¥* N R -
Celerepe (ABW) o 48 ’ 56 | 53 61
20 field strength | 28.9 - 3649 3349 R I
(dBu) * ¥ ; - b ‘
e.i.r.p. (dBW) A ’ 46,3 5.3 {° 51.3 59.3
22 Field strength | - | b ] 32,6 | 406
(dBu) = ¢ - 4 * B w0
e.i.r‘«p. (dBW) : o . i . 50 . 58 )

‘Table 13: FM television from satellites - Summary of system 4
parameters,

*  Not éonsidered since C/N is less than 14 dB:
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. é.Equivalent S/N 35 hOA L5
.‘ Rectangular ——at” g ‘
Bandwidth viype 0? ‘Community Individﬁal Community|Individual Community Individual
(MHz) Reception ‘ ; - - .
Field strength 43 51 ASI .56 53 61
b (dBu) » ' :
e.di.r.p. (dBW) 60,4 - 684 L 654 I 7344 - 704 "78.h
SRURUHURTRRRTSDN SURENUNCUPNIVI NOUSETNURUURIDS IUVUNURUN FRTDTURTRNTE JUURROT BT
Table 14: AM/VSB television from satellites - Sumary,'of-system ,parameﬁérs.
Ta2 - AFeasibility of frequency sharing with terrestrisl ITV syétems'>
_7.231A . Status of freguency allocaﬁions: N
| | ~In Cenada, -the band 2548-2686 MHz is allocated to tﬁé terrgsﬁriél .
: ITV system?for which systemé-are>already iﬁ 6peratioh}yv1ﬁ.£ﬂéi
United States, ﬁﬁe bénd.2500—2690 MHz is allocated fof the éamé{
. type of system. | - | |
72,2 ‘Typical-terreétrial TV system.pafémeters:
This study is based on ﬁhe following paraﬁeters: _
- ‘minimum received carrier power at the input‘of the receifer —éB dBwW
- .receiving antéﬁna:gain over.anfisotfopic.sourcé:  .31'dB
-~ mean sidelobe level reéponéei | | 30420 log O
- minimum mean éidelobé response over én isotropic source! 0 dB
- receiving antenna polarigation: Linear
- r.m.s. variations in mean sidelobe level: , L dB
- waveguide and.connector losseé:' ;}” 0.5 dB
7.2.3 Required protection rét;ggz

The required protection ratios are'identicél"to‘the ones giveh»in 6.2.2

% Q is the angle from the main beam axis.
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7.2, Concditions for ~horing with Il television from satellites

a.)

Communitby recentions:

T
e

f we bake 2= a limiting condition, a minimwa C/F of 14 dB or a.

miniman /8 of 40 dB, whichever comes first, it can be seen from

- appendix I that the required e.i.r.p. from the satellite at

the edge of the beam is 45 d8W., This is ecuivalent to an e.il.rep..

of 48 dBY at the center of the heam. Let us analyse the situation

=y

or a condition of just perceptible interference in the ITV
receiver, The required discrimination angle between the- direction:

of the =matellite and the YTV receiving antenna main beam axis can

- be derived as follows:

Satellite e.i.r.ﬁ..at cehter‘of beam (dBW) N 'As,..
Free Space loss (dB) . : L -192';
Abmospheric atteﬁuation (1% of the time) o -0.4

~ am)
Circular—to—liﬁear polarization loss (dB) % _ \~3:
Fean sidelébe response (dB) _ o X

R.mes. variations in mean sidelobe

=

response (dB)

viaveguide and connector losses (dB) : _ )

Interfering carrier power at the input ,
of the receiver (dBW) ~1h3e94X
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Minimunm recelved carrier power ab -2
the input of the receiver (dB\) -

Less required basiec protection ratio -L3
= : ' : (aB)
Permisaitle interfering carrier 126
nower at the invut of the
receiver  (dBy) _ -

Yince the permiesible interfering carrisr power and the actual interfering carrier
power are equal we can conclude thab: "

Fermis~ible mean sidelobe 17.9
reshonse (dB) :

Required discrimination angle 4°
between the direction of the

satellite and the 1TV receiv-

ing antenna mailn besnm axis

(degrees) ‘ ‘

The required discriminstion angle must be increa~ed when there is more than one
interference entry. . ' '

b)  Individual recention

For individuel reception, the required satellite e.i.r.p. will be
8§ dB higher than for cormmunity reception. Therefore, the recuired angle
between the direction of the satellite and the recelving antenna main

axis can be derived as follows:
Permissible mean sidelobe response (dB) 9.9

., . ) . . . (o}
Heauired angle between the direction 10
of the =satellite and the receiving
antenna mein beam axis (degrees)

The required discrimination angle must be increwvsed when there is more than one
interfcrence entry, '
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Potential interierence from the JTV trﬂnqmﬁbter into the earth g atlon

receiver:

Copdlt ions similar to the ones described in o.~.3 b) also c,pplv
here,

Conditions for shérin w1th ah/VqB telev1 ion frow satellites

For the ihnitinﬁ case of %/N 35 dB, itlcanlﬁé seehAfrbmA
pOLndlK Il—e that the fequnred CeleT oD from the 7atelllte at the
edge of the beam isvéo.h dBY for cqmmunity reception, This is
equivalent to an e.i.r.pg of 63.4 dBW at the centef of theibeam.
Using the saﬁe nethod as in 7,2.4 abéve, the required diecrimiﬁétion ;

angle can be. derived as follows:

Satellite e.l.rep. 2t center'of be&m.(dBH) E ‘ | 63k .
Pree 9pace Loss (dB) , V; o a9
Abmownher*c anbenubtlon (l% of the tmne) ‘  0L
Circular-to-linear polarization loss (aB) =3 |

- Mean sidelobe response (éB) | o L X
R.u.s. veriations in mean sidelobe:level \ 4
Waveguide and connector losses (dB)(dB) . -0.5

Interfering carrier power at bhe input

- of the receiver (X) (dB¥) ' ' ~l£u.5'““

e e <
o e e vttty

Hinimwr received carrier power-at the -
input of- the receiver (amw) : -83

Less

required basic protection ratio (dB) =53

Permissible interfering carrier nower

at the input of the receiver (aBK) . _ . ~136 -

%ince the permissible interfering carrier power and the actual interfering carrier
ower are equal we .can conclude that Lhe pcrmqu”blu mean sidelobe response X is
...75dBo ) .
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The minimum.mean'sidelobe response having been assuned tb be O dB, the:
receiving antenna cannot provide sufficient discrimination at any.
angle. Therefore, fréquency sharing is définitely‘hot feasible

with AM/VSB television from satellites.

7.2.6 Conclusion
- It can be concluded from ﬁhe above considerations that:
a) FM televisioﬁ\broadcasting from satellites from comﬁunity
récaption can sﬁare frequericies with terfeéﬁri&l ITV s&stéms

provided that:

- a diSCrimination_angle_oflé? can be.achieved{ Thié angle
would have to be increased if more than one inteferénde

entry were present;

- areas of mutual interference to both the terrestrial and
satellite services can be tolerated;
- - areas of intereference created by the tefrestrialAITV.station

inside the satellite coverage area can -be tolerated.

. For individual reception, the required discrimination angle

is larger but might still be considered feasible to achieve. .

b) AM/VSB television broadcasting from satellites for either
community or individual receptioh cannot share frequencies

with terrestrial ITV systems,
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7.3 Required angular separation between satellites -

" 7.3.1 Required'protection ratios between satellite systems for television

broadcasting

Similar to the ones given in Section 6.6.1

7.3.2. Method of Calc¢ulation

Similar to the one described in Section 6.6.2

7.3.3 Required angular separation between‘satéllites for AM/VSQ syatems

Table 15 gives a summary of results based on the method“of cal-"
culation in Sectlon 6. 6 2 for a number of cases appllcable to the

Canada /USA sltuatlon.

' - Required angular separation (degrees)
Equivalent rectangular bandwidth (MHz) ‘ < b
Type of reception Communi ty Individual
‘ | R No. of interf. - |
' ' entries it

Case 1: Two adjacent co-channel _
satellites beamed at the same cover- o
age area. o -1 I B . R i
Case 2: Two adjacent co-channel
satellites beamed respectively at the . ; :
lst and 3rd coverage areas 1 o * I

Case 3: Two adjacent co-channel ‘ ' i , o . | _ '
‘satellites beamed respectively at the ’ o '

1st and Ath coverage areas : 1 56 B
Case 4: 'Iwo adjacent co-channel ‘ ' ‘ . . ) |
satellites beamed respectively at the -1 . - 78
1st and 5th coverage areas - 2 . .56 1 - :
Case 5: Two adjacent co-chamnel ' - » o o o
satellites beamed respectively at the B T . _ el
lst and 6th coverage areas 2 ) 43 o

Case 6: Two adJadent satellites on
adjacent channels beamed at the same ‘ :
coverage. area : . 1 ‘ : 0 o 0

Table 15 - Required angular separation between satellites for AM/VSB eyétems

. %  adjacent co-channel satellite must be located beyond radio line of s:Lght of
~ the rece1v1ng antenna. - :

%t maximum number of potentlal 1nterforenca entrles is always assumed
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" 7.3.4 Required angular separation between satellites for FM systems

Table 16 gives a summary of results based on the method of'@alculation

in Section 6.6.2 for a number of cases applicable to the.Oanada/USﬂ

situation.

Required angular separation

(degrees)

Equlvalent rectangular bandw1dth (MHz)

16

18

20

C 22

Type of receptlon

Qom.

Ind.

Gom,

Ind.

Gom. | Ind.

Com, | Ind.

No. of Interf.

Case 1: Two adjacent co-channel
satellites aimed at the same cover-
age area

Case 2: Two_adjacant_co;chaﬁnel
satellites aiméd respectively at the
1st and 2nd coverage areas

Case g Two adjacent co-channel
.. | satellites aimed respectively at the
lst and 3rd coverage areas

se 4 Two adjacent satellites on
adjacent channels aimed at the same
coverage area

entries #

R DR FNH OER

43

48

O

1 0.3

86
68
2

0.5

38

el

9.5

0
0.3

68

7-;72_ L

"0
0.5

57
32

YR

00_3 Oo5

131

8 [15.9

z»s'k
29

Sh

6.813.5

0.3 0.5
0.8|

Table 16 - Required angular separafion betwéen satellites for

FM systems.

7.3.5 Conclusion

Based on the above results, we can conclude that:

- for community receptidn of AM/VSB television broadcasting from

satellites, the first adjacent unwanted co-chsnnel satellite

~must be beamed 3 coverage areas away from the coverage area of the

wanted satellite.

For individual reception the'unwanted-satellite'

must be beamed 4"coverage_areas away instead of 3.

% maximum number of potential interference entries is always assumed.,
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- for community reception of Fi television broadcasting from
satellites, the same frequency can be re-used up to three times
within the longitudes of Canada and the Unltes States on adJacent .

; co-channel satellltes beamed at the same coverage area . prov1ded
there is adequate separatlon between the satellltes. The requlred
angular separation decreases as the equlvalent rectangular band-

' width increases. For 1nd1v1dual reception, the same frequenCyg

can be re-used only once instead of three times.

- 7.4 Estimated number of pOuentlal 1ndependent programs

Tolye l FM telev151on from satellltes..

If the condltlons for sharlng glven in Sectlon T 2 h can be met ‘then
the minimum number of potential 1ndependent programs avallable in a
90° of orbltal arc in the 138 MHz band between 25@8 and 2686 MHz is -
as given in Table 17 for communlty.receptlon and Table lB,for,indl-

vidual reception.

Number of Canada 2 " 6

Coverage areas | U.S.A. 2 N 3 - 5
Channel bandwidth (Miz) 18{20| 22|24 | 18]20|22|2 | 18]20]22 f2 -
Equivalent rectangular band— ‘ : : .
width (MHz) - ] 16{18{20{22 | 16/18{20]22 | 16{18]20 |22
Number of channels available| 7| 6|6 | 5| 7{ 6l6 {5 7] 6l6 |5
Estimated number of potential | | | | R N
independent programs 21118118]20 |37 {38{394{38 49 {48} 54 50
Minimum number of orbital ) ‘ : '
positions required 31 31 3| 4 71 8 Qilo 71 8] 9 {10

Table 17- Frequency-shared allocation - FM satellite - Commnnity>reception..
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Number of Canada 2 i 6

Coverage areas U.S.A. 2 3 5
Channel bandwidth (MHz) 1820122424 | 18]2012224 | 1820 |22 24:
kquivalent rectangular band- - _ 1
width (MHz) 16 {18]20 |22 | 16{18]20(22 | 16|18 |20{22
Number of channels aveilavle | 7] 6] 6|5 | 776 | 6|5 | 716 |6|5"
Estimated number of potential 1. I S \ : ]
independent programs 14f12|12 110 | 22 |'25{26|22 | 28 |'30{36 30
Minimum number of orbital ‘ ‘ S -
positions required 21 2) 2) 2 LY 5] 6] 6 L1 5] 6] 6

Table 18 ~ Frequency-shared allocation - FM satelllte - Ind1v1dual receptlon.

] L. 2 AM/VSB television from satellites:

Slnce,sharlng 1s.1mp0351ble to achieve, exclusive allocations

will be required and the minimum number of pdtential indépendeﬁt \

programs in a 90° of orbltal arc in the 138 MHZ band between

.25h8 and 2686 MHZz is as given in Table 19 for communlty receptlon

. and Table 20 for 1ndiv1dual receptlon.

Number of Canada 2 n 6

Coverage areas U.S3.A. 2 3 5
Channel'bandwidth (MHz) - 6 6 6
mqulvalent rectangular band— . : »
width (MHz) L I3 L
Number of channels available- 23 23 - 23
Estlmated number ofleentlal : '
independent programs 23 31 46
Minimum number of orbital ' '
positions required 1 2 2

Table 19 - Exclusive allocations -

AM/VSB satellite - Community reception.
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" Number of Canada | 2 5 6
Coverage areas | U.S.A. 2 | 3 .5
Channel bandwidth (MHz) | 6 | 6 | 6

Equivalent rectangular band- | » ' -
width (MHz) L : L S
Number of channels available 23 23 23
Estimated number of poténtial | ° : :
independent programs 23 23 46 -
Minimum number of orbital I ¢ S ‘
positions required 1 1 2.

Table 20 ~ Hxclusive allocations - AM/VSB satellite - Individgal‘reception,

Toba3 QQEELHE&QE
:Basea on the above results and assumlng an equal distribution of
the estimated number of potential 1ndependent programs.ln a,90°
-of orbital arc between Canada and the United»States, the following

conclusions can be drawn:

d- for AM/VSB televieion,from satellites for‘either commdnitv.or
individual reception,_the-estimated number of potentiai:indegendent.
programs for Canada varies from a ion'offlg'for'a two-hean coverage
to a high of 23 for a six—beam.coverage in a 138 ﬁHz exclueive band.

~ for FM television from satellites for community receptlon, the
estimated number of potentlal 1ndependent programs for Canada varies s‘.
from a low of 9 for a two-beam coverage and 20 MHz bandw1dth to
a high of 27 for a six~beam coverage and 20 MHz bandw1dth in a
138 MH=z shared band. For 1nd1v1dua1 reception, these values vary '

from a low of 5 for a‘two—beam coverage and 22 MHz bandwidth to

 a high of 18 for a six-beam coverage and 20 MHz bandwidth, .
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7.5 Feasibility of frequency sharing with earth exploration satellites

7.5:1

Sharing considerations

Both Canada and the United States. have expréssed a need to develop

earth explorétion satellites either individually or on.a joint
basis. One band which appears suitable and availablevfor:spéce— .

to—earth transmissions for that purpose is between 2550 and

2690 MHz but this aspect is still being inveStigéted.

The Unitéd States intends to submit a proposél to the WARC allowing

the use of that band for spéce—to—earth transmissioﬁSvin the earth

_exploration satellite service. Canada wOuld;also:like~to make

a similar proposal pending study of the impliéafions of sharing -

‘with- terrestrial ITV and Satellite Bfoadcasting éystems. The -

proposal would read as follows:

"ADD 363A In the band 2550-2690 MHz spggthoeearth*trahsmiSsipns
_ in the earth explofation éatellite sérvice may be

authorizéd, subject to agreement among Administrations

concerned and those héving services opératingAin. |

accordance with the Table, which may be:affected?

There is presently very little data available on the.future

. characteristics of_the.space—to—earth link of the Earth Exploration

Satellite service. However,. indications are that the satellites
Would operate in near-polar orbits with approximately[SOZ of thg i

data being read out in.real time thus'requiring'tracking by the .

readout stations over the required coverage area.  Therefore,

in portions of the orbit, severe interference could be exéerienégd
by the earth.feceiviﬁg antenna in the Earth Expioration“Satellite
service from the Broadcasting Sateliite ;ransmissioﬁs;. The
possibility exists, however, that for.the secfidn of the~polar‘

orbit within range of interference from the broadcasting satellite
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7.6

a)

b)

c)
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in the equétorial orbif, the Eérth'Ekploratiénjsé£ellité;daﬁa
could be recorded on board the spacecraft and.read out iétef but
this réquires further inves%igation3' Aﬁoéher éoésiﬁle soiutioﬁ.
would Be fbr the Earth Exploration Satellite.sérvice fo be' ;
accommodated ip anpther-frequenpy~band if such a bénd céhfbe:;.

founds

Conclusion

Based on the above considerations, it‘Wouid ap?éar'thatr
- the sﬁéce-to-earth link of the‘Earth‘Exﬁloration'Saéellite-Z
service as fresently conceiyéd might not be ab1é4£o §ﬁaré
"ffeéuencies‘with the Broadcésting satellite:serviCe.'
- fufther inveétigation is,required-td determihe the_¢0nstfaints.A

required to enable such sharing.

Recommendation

Canéda should investigate furthei the d;éirability‘and feasibility:
of ﬁsing the ban& 2548-2686'Mﬂz fér telévision:broadcésting .
from satelliééé‘in Region 2 because of its attfactiﬁeness(from‘

a technical and economic ééint of'view.f | .

Canada should not oppose satellite broadcasting iﬁ:the4béﬂd 2550~
12690 MHz in either Regioms 1 or 3 since it is unlikeiy that it
would interfere with both terrestrial ITV systémsAénd-the earth
exploration satellite service in our country.

Canada should study'the possibility of using the.band 2550f2690 MHzf
as é companion up band for satellite broadcastipg in the bénd‘

614-890 MHz.
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8. SATELLITE BROADCASTING IN THE BAND ll700¢12200 MHz

8.1 Examples of television system parameters

Based on the assumptions made in Section 4 above, the television

system parameters'of>a number of exampleé have been calcuiatediahd ‘.

are given in Appendices III - a, b, ¢, d and e,

For convenience, a summary of the requifed field strengthé'ahd

e.i.r.p.'s at the satellite beam edge is given in Table 21 for F

television and Table 22 for AM/VSB television.

Equiv,

s/N W L5 50
rect. : . : —
b?ﬁg:%dth Types_gf recgption Community Individua} Qommngity Individual Community Individual
16 Field strength(dBu) 33.6 50,3 - | 38.6 | 453 | 43.6 50.3
(] e.ir.p. ~_ (dBW} 52,8 |  59.5 s7.8 | 6h.5s | 62.8 | 69.5
18 Field strength(dBu) . x x 36.6 | 43.3 41.6 48.3
€.i.r.ps (dBW)] 55.8 | 62.5 60.8 67.5
20 Field strength(dBu) x x - 34.9 41.6 . 39.9 46.6
euiirep.  (aBOl 5.1 | 60.8 59.1 | 65.8
22 Field strength (dBu)] x | x x x 38.6 | 45.3
| e.i.r.p. (W) 57.8 | 64.5

- Table 21 - TM television from satellites - Summary of system parameters.

x not considered since C/N'is less than 14 dB.
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Equiv. S/ 35 40 w5
rect, — - : , — :
bandwidth | Types of reception| Community |Individual | Community|Individual { Community|Individual
(MHz) ' . . s .
I Field strength(@Bu)| 49 55,7 5, | 607 | 59 .| 657
e.i.r.p. (dBW) 68,2 749 73.2 79.9 78.2 84.9‘

* 8,2 Required angujlar separation between satellites

Table 22 - AM/VSB television from satellites - Summary of system parameters.

8.2.1 Required prbtectidn ratios between sétellite systens for'ﬁelevisiOn‘

.broadcasting

Similar to the ones given in Section 6.6.1 except that the

allowance for.possible earth and'sateliite pbinting errof has

‘been taken as 2 dB. "

8.2.2

Method of calculation

Similar to the one described in. Section 6.6.2

8;2.3

Required angular separation betweeh satellites for AM/VSB systens

Table 23 gives a summary of results based on the method of

calculation in Section 6.6.2 for a number of cases applicable

to the Canada/USA situation.




-5l -

Equivalent rectangular bandwidth (Miz)

,Requifed angula,

A

r separation (degrees)

Types of reception

Cémmunity

No. of interf.

1 'entries

- Individual

Case 1: Two adjacent co-channel ]
satellites beamed at the same
coverage area

Case 2: Two adjacent co-channel
satellites beamed respectively at the
1st and 2nd coverage areas

Case 3: Two adjacent co-channel

satellites aimed respectively at the i

1st and 3rd coverage areas

Case 4: Two adjacent co-channel
satellites beamed respectively at
the lst and 4th coverage areas

Case 5: Two adjacent.satellités on
adjacent channels beamed at the
same coverage area -

1

)

-

58

34

)
%

o

59

Table 23 - Reguired angular separation between satellites for AM/VSE Syétems.f .

% adjacent co-channel satellite must be located beyond radio line of sight

-of the receiving antema

# maximum number of potential interference entries is:always assumed.

8.2.4 Required angulaf separation between satell;;es for FM sxsﬁems

Table 24 gives a summary of results based on the method of

calculation in Section 6.6.2 for a number of cases applicable.

to the Canada/USA situation.
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[

: Required angular separation (degrees)
Equivalent rectangular bandwidth (MHz) 16 . 18 20 22
Typesof reception - : Com. {Ind. | Com.| Ind. | Com, {Ind. | Com.{Ind.
. No. of interf. - : : :
entrieg #* A
Case 1l: Two adjacent co-channel ' S | 36 29 1 .
satellites beamed at the same 1 22 1 e ’ 25
coverage area | 18 18 |. s 13. 22
Case 2: Two adjacent co-channel - 41 32.. _ o
satellites beamed respectively at the o 6 25 1 : ~ 28 24
1st and 2nd coverage areas 8 ’ 20 - S I B
_ ‘ _ ‘ 10 17 t 14
Case 3: Two adjacent co-channel =~ - |. 10 5.2 9 (4.2 17.2 13.5 159 | 3 15.1
satellites beamed respectively at the : I R . :
1st and. 3rd coverage areas _ N o o
Case &: Two adjacent satellites on 1 0 0 0 0 010 0} O
adjacent channels aimed at the same - 10 1471 1 14 1- B 1 1
coverage area - S - ‘ 3 IR B |

Table 24 - Required angular sepération'“betWéenléatellites for FM systems

. % maximum number of potential interferencé entries is always assumed.

: 8.2.5' Conclusion

Based on the above results, we can conclude that:

- for either community or individual reception of AM/VSB teléviéion S

'broadéésting from satellites, the first adjacent unwanted co-channel

satellite must be beamed 2 éoveragé areas away ffomfthe'covefage .

area of the wanted satellité.'"

R -'for community receptlon of FM television broadcastlnv from satellltes,

the same frequency can be re-used up to six times w1th1n the longltudes

of Canada and the Unlted States_on adjacent co-channel satellltes |

‘beamed at the same coverage area provided there is adequate separation

. _ between the sai}elli_te's. The required a_.ngular separation decreases as

" the equivalent rectanguiar bandwidth inéreases,‘

the same frequency can be re-used only four timés instead of six.

For individual reception
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8.3 Estimated number of potential independent programs

8.3.1 FM television from satellites

The number of potential independent programs in a‘fixed»90° df‘. 

orbital are in a 500 MHz exclusive .band between 11700 and 12200 Miz.

will be:

" - as in Table 25 for community reception

- as in Table 26 for individual recsption

Number of - S
Coverage areas- | Canada 2 L 6
o USA | 2 ; 3 5
Channel bandwidth (MHz) . 18{ 20§ 22| 24 | 18| 20| 22| 24 | 18| 20| 22| 24
Equivalent rectvangular 16| 18} 20} 22 16| 18] 20| 22 | - 16| 18} 20{ 22
- bandwidth (MHz) : S _— R I .
Number of channels available 1 .27}.25) 22f 20 | 277 |25 29 :26 _27f 25f 22 | 20
‘Estimated number of potential | 135]150]154]|160 {259 |295] 310|321 |351. l400}s18l440
independent programs : ' N
Minimum number of orbitdl 50 6 71 8 { 13 16 19| 22 131 16] 19{ 22
positions required ‘ ~ ‘ o
Table 25 - FM satellite - Community reception.
“ Number of ‘
Coverage areas Canada 2 A 6
USA 2 3 5
Channel bandwidth (MHz) 18] 20| 22| 24 | 18 20] 22| 24| 18| 20| 22| 24
Equivalent rectangular 16| 18} 20} 22 16} 18] 20| 22 16} 18| 20} 22
bandwidth (MHz) - - :
Number of channels available 271 25f 22] 20 |27 {25 | 22 20 | 27 l25 | 22| 20
Estimated number of potential | 81 [100| 88 100 1741187/ 192192 | 243 {250}264]260
independent programs | v
Minimum number of orbital 3: L1 4 5 9 10 12i 13 9} 10} 12} 13 -
positions required ’ . :

' Table 26 - FM satellite - Individual reception
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8.3, 2 AM/VoB teleV181on from satcllltes

The number of potcntlal 1ndependent programs in a flxed 90° of

orbital arc in a 500 MHZ'exclusive band between 11700 and.l2200-MHi

will be:
- as in Table 27 for community reception

'~ as in Table 28 for individual reception

Number of | Canada 2 J 6
Coverage areas USA 2 3 5
Channel bandwidthn(MHz) 6 6 6
‘Equivalent rectangular 4 b L
~ bandwidth (MHiz) o o R
Number of channels avallable 83 83 83
Estimated number of potential 83 | 166 - 249"
1ndependent progranis : o : _ .
Minimum number of orbital ( 1 2 3.
positions required o ’
© Table 27 - AM/VSB satellite - Community reception
Number of . Canada 2 o - 6
Coverage areas USA : 2 3 5
Channel bandwidth (MHz) 6 6 .6
Equivalent rectangular
bandwidth (MHz)

Number of channels available 83 83 83
Estimated number of potential 83 166- 166
independent programs . -

Minimum number of orbital = 1 2 2.
positions required :

Table 28 - AM/VSB satellite - Individual reception
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. ._8.3.3 Con'clus;qn
| Baéed on the éboye fesults and assﬁming an equal distributioh‘dff_
‘thé esfimated ﬁumber of ﬁotehtial independent‘programs in a.ﬁOO MHz
exclusive band and in a 90° of orbital arc between Canada and the
United States, the following conclusions can be drawn:
| ; for AM/VSB‘telévision_from satellitgé for‘COmmunity receptioh,
the.estimated number of poténtial indebénaenﬁ prograns for
_Canada varies.from é low of-ég_for.é two-beam coverage to a
high of 125 for a six-beam coverage. For:;ndividuél!feééptipn,
. the values are 42 and 83 respécti#ély. | - |
- forAFM_televisibn ffom'sateilitésvfor community re@ebfion,:thé‘
~éstimated,numbér of poténtial independentAprogramsifor_Caﬁada ;
. ; ’ | o .'vari.es from a 1_.:ow of @ for a two-beam coverage and 16 MHz -
' bandwidth to a high of gggffor a six—beaﬁ’06Verage‘§ﬁd 22_MHZ
“>bandwidth. For individual reééptidn; these valueéxare ﬁg;and

132% pespectively

8.4 Reqdmmendation
| a) Canéda should propoée a primary allocétion for broadcésting from .
_ satellites in the band‘ll700-12200 MHz for the following reésonsf
- this band is preééntly nof in usé in Canada for terrestrial
sérvides;
- the available bandwidth would be sufficient to cover all
' foreseeable Canada/USA requiremehts;. |
- a primary allodationAwoﬁld permit.the use.of‘higher e.l.r.p.'s

for individual reception of broadcasting from satellites.k

# for 20 MHz equivalent rectangulaf bandwldth insteéd
of 22 MHz. f



b)

c)

d)
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Canada should propose a secondary allocation for the communication-
satellite servicé (limited to the distribution of televisioﬁ‘programme

material) in the bandfll700-12200 MHz for-tﬁe.follbwing;reésonsf:

- this would preserve the right for_the*broadcqstiﬁg sétellité_
serviég 'to use higﬁer e.i;r.p.'é'for'individual receptién;

- this would giye moré incentive for ﬁhese-other éervices~td
dééign their éystems in such a wéy as to tolerate more |

interference from the broadcasting satellite service.

The_possibility of using the band 14575—15025 MHz as.the companion

earth—to—sétellite band for the 11700—12200'MHz-broadcasﬁing

‘satellite band should be investigatéd.

Tﬁe existing»primary‘allocétion for terrestrial broadcasting on a
shéréd’basis with the fixed and mobile services in the band,12200—12700

MHz should be retained for the foliowing‘reasqﬁs: -

" -—. this is the only allocation for.terrestrial broadcasting above

1 GHz;
- this band could be used to complement the cable distribution
service provided the definition of broadcasting could be

amended to cover: this aspect of broadcasting.




9. REFERENCES

1.

2.

"CCIR -

R.A. O'CONNOR

E.F. MILLER &

R.N. MYHRE -

- DEAN, C.E.

A.K. JEFFERIS, D.G. POPE

and P.C. GLLBERT

B.C. BLEVIS

J. JANSEN, P.L. JORDAN,

et al.

- 60 ~

Doc. IV/1064, 1966~1969 |

Understanding televisionfs‘Grade A
and Grade B service contours, -

IEEE Trans. on Broadcaéting, Vol.
BC-lA;“No. 4,_December.l968.

Frequency sharing between FM and
AM/VSB television transmission
systems. AIAA Paper No, 70-438

Measurements of the subjective effects of
’intéfference'in‘television reception.

Proceedings of the IRE, June 1960.

Satellibe belevision distribution

service from geostationary_satellitgs
to community antennas in multiple - | o
coverage areas. Proc. IEE, Vol: 116,
No. 9, Séptember‘l969~> R ' -

Propagatioh and- antenna noise_conside- ‘ f
rations in the-design of satellite
broadcasting systems. GCRC 6661-3 (NCL),
10 February, 1970 o

Television broadcast satellite study.
NASA CR-72510. TRW No. 08848-6002-R0-00.
October 24, 1969. |




(..

4.(

BROADCASTING FROM SATELLITES APPENDIX I-2
- : M TEIEVISION SYSTEM PARAMETERS AT 750 MHz C
Equivalent rectangular bandwidth 16 MHz (equivalent to 18 MHz totel channel bandwidth)

1} s/n (luﬂgzigggdsiggié)to r.,.8, B wo L5 50

2 G/N bef;;; gﬁmgigligézg {exceeded for . | b | 19.6 | b 12}

3| Type of receplion Community ‘Individual - Community - Individual Community Individual 3

4| Receiver noise factor dB L 6 ) L ) 6 I3 6 A

5| Corresponding riciss temperature %k | 725 1160 725 1160 725 1160 5

6| Noise pewer in equiv. rect. bandwidih)] dBY ~128,0 -126,0 -128.0 -126,0 -128.0 ~126,0 6

7| Required carrier power dBW =113 .4 ~111.4 -108.4 =106.4 =103.4 - ~101.% 7

8| Type of receiving antenna 3.4m paraboloid | crossed yagi 3.4m paraboloid{ crossed yagi 3.4m paraboloid | crossed yagi |g

| B achiuey oorople as 26 17 26 17 2 ' 17 9|
10! Misc, receiver losses ¥ iz 1 1 1 1 1 3 n
11| Effective ant, area rel, to lm? * dB 6 3 6 EN T 6 =y h1
32| Reguired £luwz (993 time) aBARE  -119.h -108.4 RET -103 .4 =109.4 -98 1y 12
13} Eguivelent field strength dBu 26.6 37.6 31.6 2.6 36.6 L7.6 h3
) : : uV/m 21 76 38 135 68 240 HE
U gt | e | 122 152 122 T
| AL ST | @ | o ) g o : T
6] Required e o aB 43.6 5he6 48.6 59.6 5306 €6 P6f

kW 3 288 2. 912 229 2880
17| Set. antenna beamwidth: ° fi7]2 3 41702 43 l3a7i2 |3 Ji7]2 13 f2.712 |3 J1.7]2 3 .17
18| Sat, antenna diameter o 16.4 {14.0 | 9.3 B6.4 |14.0 |93 {i16.4 | 14.019.3 |16.4 | 14,0 9.3 |[16:4 |14.0 | 9.3 [16.4[14.0{ 9.3 Ji8) "
19| Earth coverage diameter mi fi 660.] 760 {1170 | 660 | 780 1170 660 | 780 {1170} 660 | 780 |1170 J{660. | 780 1170 [ 660 | 780 |1170 [
20| Sat, ant, gain (beam edge)(55% eff.) | dB | 36.435.1 |31.7 {36.6 |35.1 |31.7)136.6 | 35.1 | 31,7{36.6 |35.1:181.7 |B6.6 |35.1 [31.7 |36.6}35.1| 3L7120
21{ Sat. filter and feeder.losses etc, 4B 1 1 1 1|z 141 1 711 (1 1 1 1 1 111 1 1 |21
22| sat, t'ransmit'ter power dBW || 8,0]9.5 ]12.9]19.0 20.5 }23.9)13.0 | 14.5] 17.9[24.0 | 25.5]28.9 [18.0 ]19.5 [22.9 |29.0{30.5] 339}
SWoY6.308.9 |19 179 1112 [aus5fi2o |28 - |62 {250 |355 |775. |63 .[82 195 1795 |X12C | 2450

#* Clrcularly polarlzed antennae are assumed at both the transmitting and receiving ends,

due to antenna 1mp95fect10ns, movement of the suEportlng structure, etc,, and perturbatlons of the satellite pos;t:on.
includes the miscellaneous

area relative to im
#% See reference (6).

osses,

The losses in this item include ellipticity losses: -

The effective antenna
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BROADCASTING FROM SATELLITES APPENDIX I-b
, _ _ , Fi TEIEVISION SYSTEM PARAMETERS AT 750 MHz ‘
Equivalent rectangular bandwidth 18 MHz. (equivalent to 20 MHz total channel bandwidth) A
1} s/N (luminance signal to r.m.s, . ; :
/ weighted n%l.'z:e) ' dB 40 45 50 1
2] C/N before demodulation (exceeded for} - 2
99%- of the tims) aB 12 17 . 22

3{ Type of reception ) Community Individual Community Individual " Community Individuel ~ }'3
4| Recelver noise factor dB L ' 6 ok 6 L 6 L

5| Corresponding noiss temperature oK 725 1160 725, 1160 725 1160 51

6| Noise power in equiv. rect. bandwidth) dBJ =127,1, =125.1 =127.4. =125.1, -127.4 ~125.5 . 6

7! Required carrier power ‘ dBy ~115.4 ~113.4 ~130.4 - . =108.4 =105.4. -103.L, |7

8{ Type of receiving antenna 3.hm paraboloid | crossed yagi 3.4m paraboloid| crossed yagi 3.km paraboloid | crossed yagi [&g

Rx. ant in above isotropi o : . .

? 3% Ertective) S 17 26 17 26 17 9.
10| Misc. receiver losses * . dB 1 1 1 1 1. 1 10
11| Effective ant. aree rel, to 1m? ~ dB 6 -3 6 3 6 . 3 X
12| Reguired fiuvx (99% time) ' dBAl 1214 =110,4 1164 -105.4 ~111.4 =100.L 12
13| Equivalent field strength dBa 24,6 35.6 29.6 50,6 3,6 L5,.6. h3

) uV/m 17 60 30 107 5h 190 '
1| Pree space attenuation betueen o . : ' e .
isotropzc sources 39000 km apart " 4B 182 182 182 182 182 182 L
15| Total atmospheric att tion *=*

2| aovesded Sop Sers Fhen g e he time | aB 0 0 0’ 0 0 0 15
- L Jd.r.p. / =3 . g

o R A T aB 41.6 52,6 46.6- 57.6 51,6 2.6 {6

o W oof k7 182 L6 - 575 " 145 1820.
17| Sat. antenna beamsidth ° Miml2 I3 Ji7d2 13 lizlz2 3. 11712 3 w7 l2 13 liglz2 |3 hy
18| sat. antenna diameter n 16,4 {14.019.3 |16.4114.0 }9.3 |l16.4] 14.0] 9.3 | 16.4 | 14.0] 9.3 Ji16.4 |14.0 | 9.3 [16.5114.0] 9.3 18
19| Barth coverage diameter , mi || 660 | 780 {1170 | 660 | 780 [1170 660 | 780- {1170} 660 | 780 | 1170 || 660 | 780 {1170 | 660 | 780 (1170 hi9
120] Sat..ant. gain (beam edge)(55% eff.) |{.dB 36,6 35.131.7[36.6 |35.1 |31.7[i36.6] 35.1 3L.7}36.6 | 35.1131.7 {[36.6 [35.1 [31.7 |36.6/35.1(31.7 [20
21} Sat, filter and feeder losses etc, dB 1 11 (1 1 111t 1 11y 1 1 .11 1 1y k1
22| Sat. -transmitter power - daBW Il 6,00 7.5(10.9 7.0 j18.5 | 21.9}1%.0} 12,5 15.9]22.0 | 23.5]26.9 ||16.0 |17.5 |20.9 [27.0{28.5{31.9 |22
W H 40| 5.6112 |50 71 155 §113 -] 18 39 {158 |22, |490 [ikO 56 - 1123 "|500 | 708 11540

# Circularly polarized antennse are assumed at both the transmitting and receiving ends. The losses in this item include ellipticity lésses :

due to antenna imperfections, movement of the sugp‘o"x'biﬁg ‘stru
area relative to im? includes the miscellznecus

#+ See reference (6).

osses.

cture,” etc,, and perturbations of the satellite position. The effective antenna R '
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BROADCASTING FROM SATELLITES APPENDIX I~c
FM TELEVISION SYSTEM PARAMETERS AT 750 MHz
Equivalsnt rectangular bandwidth 20 MHz (eouivalent to 22 MHz total channel bandwidth)
1] s/N (luminance signal to r.m.=. : : g T

Y s weighted noise) . N 10 L5 50 1

2] C/N before demcdulation (exceeded for o ‘ ’ 2
99% of the time) dB 949 4.9 19.9 ;

. 3| Type of reception ' . Community Individual Commanity - " Individual Commmity - Individuel - |3
L | Receiver noise factor dB L 6 . 6 Lo 6 5
5| Corresponding noiss temperature oK 725 1160 725. 1160 725 - 1160 5

| 6] Noise power in eguiv. rect. ba.ndwidth) dBd ~127.0 =125.0 ~127.0 -125,0 =127.0. ~125.0 6
7| Required carrier power dBY -117.1 ~115.1 -112.1 ~110,1 -107.1 -105.1 {17}
8| Type of receiving antenns 3.4m paraboloid | crossed yagi | 3.4m paraboloid] crossed yagi || 3.4m paraboloid | crossed yagi |8
o i ey e | ey 17 2 5 2 R
110} ¥isc. receiver losses # dB 1 1 1 1 1 1 10 {-

11{ Effective ant. area rel, to 1 m? ¥ dB 6 . -3 6 =R 6 3 D1

12| Required flux (998 time) dBWAS  -123.1 ~112.1 -118.1 TN 5.1 SI02T T ha

13| Equivalent field strength . dBu © 229 33,9. 27.9 38,9 32.9 L3.9 h'

' B uV/m L, L9 25 ag My 157

14} Free space attenuation betwsen _ ‘ .

' isotropic sources 39000 km apart " dB 182 182 182 182 182 182 13
15| Total at heric attenuation ** . )
| eoeesdod Bek Sess then 32 af the time| dB 0 0 0 0 0 0 ps

16| Required e.i,r.p. from satellite - ' : .

: o (at egggpof beam) . ' dBy 39.9 50.9 L4.9 55,9 " 49.9 60.9 6
o kW 9.8 123 31 . 389 98 1230 .

17| Sat. antenna beamwidth - 0 171 2 3 1.7 | 2 3 1.7} 2. 3 171 2. 3 Hi.7 2 3 |11.712 ‘3 N7

18| Sat. antennz diameter m 16,4140 § 9.3 [16.4{14.0 | 9.3 16.4] 14,0 | 9.3 |16.4 [14.0 § 9.3 |l 16.4] 14.0 9.3 {é.L[1k:01{9.3 fi8

19| Earth coverage diameter mi |} 660 | 780 {1170 {660 | 780 [11701| 660 | 780 1117C| 660 | 780 |117C || 660 780 11170 {660 | 780 {1170 ho

20| Sat, ant, gain (beam edge)(55% eff.) | dB 36.6|35.1 |31.7 |36.6] 35.1(3L.7]f 36.6(35.% {31.7{36.6 [35.1 [31.7]f36.6] 35.1 | 31.7 | 36.4/35.1 | 31.7]20

21| sat, filter and feeder losses etc. dB 11111 1 1411 |1 1)1 1 |1 1 1 faidb1broaop

22| Sat, transmitter power ai I he3 ]5.8 [9.2 |15.3]16.8 [20.2]9.3 |10.8 [1h.2}20.3 [21.8 | 25.2| 14.3] 15.8 | 19.2]25.3 ] 26.4 30.2[22

W ok2.713.8 183 34 k8. |105 || 8.5 112: 26 {107 |i5L }331 | 27 38 183 |7339] 4781050}

# Circularly polarized antennae are assumed at both the transmitting and receiving ends,
due to antenna 1mpe£fectlons, movement of the. supp
includes the miscellaneous E

area relative to im
#% See reference (6).

C

orting’ structure, ete,, and perturbatlons -of the satelllte posxtlonu

8ses,

The losses in this item include ellipticity losses’

The.. effectlve an%enna :




BROADCASTING FROM SATELLITES - . o . APPENDIX T4
FM TRIEVISION SYSTEM PARAMETERS AT 750MHz ‘ : g

Bquivalent rectangular bandwidth 22 MHz (equ.ivalent to2l+ MHz total chamnel ba.ndm.dth) A .
3 ; : %
AP T B § w50 1
» 2] C/N before demodulation (exceeded for | o ' . S ] " - o1
| 99% of the time) a §. 8.2 - PR 13.2 . .18,2
3| Type of reception ' ' Commnity - | Iodividuel . # . Community - " Individual ‘Community Individuel |3
. 4| Receiver noise factor dB Y S 6 . 4 6 A 6 ) L
: 5| Corresponding nolse temperature '} %K Coqos5. © 1160 - .25 - 1160 725 1160 5
6} Noise pewer in equiv, rect. bandwidth) dBJ =126.6 - ~124.6 126,86 -12L,6 T 2126.6 -127,,.6 3
71 Required carrier power . dsw [ . -118.4 ~116,14, =134 =R3GE - f L1084 =106, 7
8| Type of receiving antenna , 3.4m paraboloid | cpogsed yagi || 3-4m paraboloid| crossed yagi _3.km paraboloid |crossed yagi ‘|g
91| Rz, ant?z;g% g%if.gc%?%t)a isotropic a8 26 17 2% 17 . 26 17 9
10 hiuc. receiver losses * dB 1 1 1 o 1 -2 i)
11| Bffective ent. erea rel, to 12 ¥ dB | 6 | 1 - s . -3 s . ) 0.
12| Required flux (995 time) | aa?, =12k 1313,k 119k -168.k ~LUsody -103.4 2
13| Equivalent field strength dBu f|  2L.6 . 32,6 26,6 37.6 31.6 52,6
, wW/m j. 12 L3 .2 .76 | 38 135
S et e | | e | w | owe | ow | P
- P Zﬁﬁiédﬁmgighiéig %ﬁ?ﬁn‘iit;?“tﬁé time | dB 0 o .0 _ .0 0 0 151
} * Requirec(lag'gdgepérfgggmf)satenm dBY. 386 | 496 £3.6° 5.6 486 _ 59.6  pé
) 50 7.2 9L . .23 288 ' 72 L 912 .
17| Sat. anterna beamwidth °© jrrt2 3 Ji7d2 |3 frzl2 |3 tarlz t3 Witz 13 lizl2 J3 hy
18{ Sat, antenna diameter m [[16.4] 14,0 9.3 {16.4 | 1.0 9.3 | 16.4}14.0 { 9.3 P64 4.0 | 9.3 [|16.4 | 140 | 9.3 6.4 ] 14.0] 9.3 118
119 Earth coverage diameter mi 660 | 780 |1170 1660 -] 780 |1170| 660 | 780 |1170] 660 | 780 1170|660 | 780 |1170 [ 6601 780 {1170 h9
20 Sat,:ant. galn (veam edge)(55% eff ) 4B 36.6] 35.113L.7 36,6 | 35,1} 31.7)36.6]35.1 |31.7 |36.6 ] 35.1131.7 {I36.6 | 35.1 |31.7 [36.6] 35.1}31.7 20
© 121] sat. filter and feeder losses etc, . a8 § 1. )1 |1 1 b v [ 1. |- by ffr |12 1 jr}] 1|1l
22| Sat, tramsmitter power dBW 113.0 4.5 7.9 1.0} 1551 18.9]18:0 ]9.5 12.9 | 19.0] 20.5;23.9 || 13,0 | 1.5 {17.9:] 24.0] 25.5/28.9 |22
W H2,0 | 2,8 6.2 (25 -[35 |78 #6.3[8.9. 119 (79 [12 J2u5 [Joo (28 {62 [250] 355 [775

#* Clrcularly polarlzed am',ennae are assumed at both the transmitting and receiving ends, The losges. in this item include ellipticity losses

due tc antenna imperfections, movement of the suﬁportlng structure, etc,, and perturbatlons of the satellite pos:.tlon, The effective antenna
 area relative to 1m? includes the msce]_laneous osses.
% See reference (6). : .
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BROADCASTING FROM SATELLITES

I.‘

APPENDIX I-e
AM/VSB TELEVISION SYSTEM PARAMETERS AT 750 ¥Hz ’
Equivalent rectangular bandmdth k ‘MHz (equ:.valent to ‘6 MHz total chammel bandwidth)
1{ S/N (luminance signal to r.m.s.. : R 4
/i ( weighted nolse) dB 35 L0 L5 1
2} C/N before demodulation (exceeded for |- C N - ,
9% of the time) dB EE S R~ L6 2
3] Type of reception Community Individual - Community - Individual - Community ~-Individuel. |3
L | Receiver noise factor dB L 6 ' L 6 b C 6 L
5| Corresponding noise tempsrature " oK 725 1160 725 . . 1160 - 725 . 1160 5
~ 6] Noise power in equiv, rect. bandwidth) dB -134 -132 13}, =132 =13k -132 6
7| Required carrier- power dBY . =98 . . =96 -93 N - =88 -86 7
8| Type of receiving antenna . ' 3.4m paraboloid | crossed yagzi 3.4m paraboloid] crossed yagi - pareboloid | crossed yagi |sg
T g Gy e | w | w0 y w | ow oo ow
10} Misc. raceiver losses % dB . 1 1 1 1- ‘1 1 o
11| Effective ant. area rel, to 1 m * | dB 6 -3 6 -3 3 -3 G
12 Required flux (99% time) dawﬁzﬁ ~104 =93 =99 -88 =94, -83 1.2
13| Equivalent field s»rength &b L2 53 L7 58 52 63 3
o . uV/m " 126 L4T 22l 795 400 1410
1L | Free space attenuation between 180 182 182 182 T n
-] isotropic sources 39000 lan apart dB 182 _ 82
Totel etmospheric att tion ¥ - ' .
1 e}%cgedgd ggg Zetgsg %hagmfi ognthe time | B 0 0 0 0 - .0 - 0 1.5
: ope I t . . i ) -
i R iéfpof gce’?m?a e dBH 59 . 6l L 69 & 16
_ Kl 795 ¢ 10000 2500 - 31600 7950 ] 100000
17| Sat. antenna beamwidth o 1.71 2 3 117142 3 #1702 13 Ji71i2 3 o2 3 1712 3 h7
18| Sat, antenne diameter- m 6.4 {14.0 9.3 | 16.4(14.0 9.3 f116.4 | 14,0 9.3 |16.4 } 14,00 9.3 {16.4 {14.0 | 9.3 {16.4114.0] 9.3 8
19| Barth coverage diameter - mi 660 | 780 |1170 [660..] 780 {1170l 660 | 780 1117C| 660 | 780 {117C || 660 780 1170 | 660 | 780 {1170 b9
20| Sat. ant. gain (beam edge)(55% eff.) d8 36.6-35.1 |31.7 | 36.6[35.1 |31.7|36.6 | 35.1 | 31.7|36.6 | 35.131.7 || 36.635.1 | 31.7{36.6|35.131.7 |20
211 Sat, filter and feeder losses etc. a. 112 10 jr ol 1011 (1 1l 11 ]r 11 =21
22| Sat. transmitter power dBW [ 23,4 2,9} 28,3 | 34k.4135.9 139.3]| 2841 29.9] 33.3139.4 {140.9 k.3 | 33.4]34.9 Be.3 |4h.L{45.9(49.3 |2
: W 219.1308 ) 675 R750 |3890 | 8500} 692 978 [2140 {8700 [12300 J26900]]2180 {3090 [6750 [R75C0 38200{85000,

# Circularly polamzed antennae are asswned at both the transmitting and receiving ‘erds, -

. due to antenna imperfections, movement of “the. sugpor’blng structure, ete,, and perturba‘blons of the sa.tellrbe position, .

area relative to Im? includes the miscellaneous

#* See reference (6).

085€8.

The' losses in this item include ellipticity losses

The effe c‘uve. antemna-



BROADCASTING FROM SATELLITES .. - S APPENDIX TI-a
FM TELEVISION SYSTEM PARAMETERS AT 2600MHz -

,{ Eqﬁivaleﬁt rectangular bandwidth 15 MHz (equivalent fto 18MHz total channel bandwidth) ,
1} S, Juminance signal to r.m.s - ) . . - -
M weightéd noise) , dB - 40 _ _ 45 : 50 o 1
21 C/N before demodulation (exceeded for : ’ ‘ : ” >
/ 99% of the time) , dB ' .6 19.6 : 2.6
3| Type of reception : Community Individusl Community ‘Individual Community Individusl {3
L | Receiver noise factor dB o | 6 . L o 6 , b .. 6 N
5| Corresponding noise temperature K | 725 1160 725 1160 725 1160 5
6| Noise power in equiv., rect. bandwidth) dBY -128,0 -126,0 -128.0 . =126,0 . ~128,0 -126.0 6l
7| Required carrier power . dBW =113.4 014 ~108.4 - =106,k =103.h - -101.h 7
8| Type of receiving entenna . | 3.4m paraboloid | 1.5m paraboloidli 3m paraboloid |1.5m paraboloid [l 3m paraboloid 1.5m paraboloid! 8
91| Rx, ant?xgzsx% g%%gcgggg()a :lsotropic ‘ a8 1 35.7 29.7 . 35.7 - 29.7 35.7 29.7 9
10| Misc., receiver losses ¥ dB 1 ‘ 1 1 -1 : 1 . 1 10
11] Effective ant, area rel, to 1 m< ¥ @B f - 5 , -1 5 Y 5 iy Rl
132] Reguired fiux (998 time) | aBukdl  -118.4 =10k =113 .4 - =105, - -108.4 | ° =100, B2
113 | Equivalent field strength dBu |} 27.6 35.6 32,6 40,6 37.6 15.6 h3
‘ u/n 2, 0 SN 107 76 1%
1., | Free space attenuation between . ‘ . : : 192 )
isotroplc sources 39000 km apart dB 192 ) . 132 ) 192 192 192 : ; 9 L
Tot. tmospheric att tion : . : ’ ) . ; B ] :
|2 | resacs Por Soes thin T2 of the time | db - Oh _ Ouh . 0.k, Ooly Ok ; 0.k p5
1 16| Required e.i,r.p. f atellit - = i _
Lo et e of beamy aBi 45 53 50 58 55 . & 16
: SN e 32 200 100 630 316 . 2000
{ 17| Sat. antenna beamwidth c 1.7 2 3 1.7.12 3 1,71 2 3 1.7 | 2 3 1.7 2 {3 1.712 3 hy
| 18} Sat. entenna diameter m 4.8 4.0 2.7 4.8 | 4.0 |2.7 4.8} 4.0 |2.7 V1 4.8 | 4,0}2.7 W k.8 L0 12,7 } 4.8} 4.0 1}2.,7 [18
{19 ] Earth coverage diameter . mi 660 | 780 {1170 | 660 | 780 |1170{ 660 | 780 |117C ] 660 | 780 |117C 1f 660 780 {1170 | 660 | 780 11170 hog
] 20| Sat. ant, gain (beam edge)(55% eff.) dB. 36.6] 35.1] 31.7{36.6] 35.1131.7 | 36.6/35.1 |31.7] 36.6|35.1 |31.71 36.6] 35.1 31.7 136.6 | 35.1] 31.7]20
21{ Sat, filter and fecder losses etc. dB .} 1 1 1 11 111t 1|1 1 |1 1 1 1 |1 111 A
22| Sat. transmitter power dBW 1§ 9.5°]10.9 |14.3 {17.4] 18.9(22.3 | 14.4115.9 {19.3] 22.4123.9 1 27.3 )1 19.4] 20.9 [ 21..3 b7.1. |28.9 | 32.3]22
: ‘ "W ogs.7 12 27 |55 |78 |170. {28 139 85 |17, {246 |536 |87 | 123 1269 1550] 775 | 1700

# Circularly polarized antennae are assumed at both the transmitting and receiving ends. ‘The losses in this item itiélude,e]lipticity losses
due’ %o antenna impegfections, movement of the supporting structure, etc., and perturbations of the satellite position, The effective antenna
area relative to Im* includes the miscellaneous losses, ] : " ' . L .

- #% See reference (6). .
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, BROADCASTING FROM SATELLITES APPENDIX II-b - .
FM TELEVISION SYSTEM PARAMETERS AT 260{_) MHz .
Equivalent rectengular bandwidth 18 MHz (equivalent to 20 MHz total channel bandwidth)
1] s/N (;nﬂgzggggds§§§2%>to TeRo8, - 4B 10 ? L5 50 .
2] C/N before demodulation (excesded for ) ' 2
99% of the time) dB 12 S _ 17 4 22 -
3| Type of reception Commmnity . Individuel Commnity |  Individual Compunity Individual |3
L | Receiver noise factor 4B ' L ' -6 b [3 : I 6 Lt
5| Corresponding noise temperature oK 725 1160 725 1140 725 1140 5
6| Noise power in equiv, rect. bandwidth) dBY -127,L . =125 .4 =127 .4, - =125.0 ~127 .4 . 125,k 6
7| Required: carrier power dBW f_=115.k =113 .4 -110,L . =108, - ~105.4 - =103.4 7
81 Type of receiving antenns 3m paraboloid X.5m_paraboloid jl 3m paraboloid |1.5m paraboloid li 3m paraboloid ' | 1.5m paraboldid] g
i B ¢ - R a8 35,7 29.7 357 29.7 357 | 27 ]9
10| Misc. receiver losses * ) dB 1 1 1 1 1 1 10
11 [ Effective ant. area rel. to 1 mé ¥ . dB 5 | 5 -1 5 L. mn
12| Reguired fluxz (993 time) dBWAZY  ~120.k ~112.4 ~115:4 - =107k =110.4 . -102.4 12
13 | Equivelent field strengih dBu 25.6 33.6 _30.6 38,4 35.6 13,6 13
uV/m 19 48 3k 85 60 151
v i‘;iiriiiiesiiﬁié‘:a%%%‘éo"ﬁﬁ”’iiﬁm dB 192 192 192 "192 '19? - 192 1
B e B O he time | aB 0.k 0ok 0ok . Odk Ok 0.k 15
16 Requiredag.éégépaffgggmsatg}lita . 13 51 L8 56 s 1 e
, Kl 20 , 125 63 363 200 1250
17| Set. entenna beamsidth ° fla7i2 3 1742 43 h17i2 {3 fi7}2 §3 fli7 j2 13 ii7{2 |3 Ly
18| Sat, antenna dizmeter m b8 4O 2.7 [L.8 | kO } 2.7 48] 5.0] 2.7 k8| 4.0] 2.7} .8 | 4.0 2.7{ L.8} L.O] 2.7 |18
19| Earth coverage diameter _ mi 660 | 780 [1170.1660 | 780 |1170.fl 660 |. 780 {1170| 640 _} 780 {1170 1 660 . | 780 |1170 | 6601 780 (1170 L9
20| Set, ant. gain (beam edge)(55¢ eff.) | dB. 36.6]35.1 131.7 |36.6] 35.1|31.7| 36.6 35.1 | 31.7] 36.6] 35.Ll 31.7{ 36.6} 35.1 1 31.736.6{35.1 | 31.7{201
|21 sat. filter and feeder losses etc. dB S [ S (P A A SO P R S O S A S s A [ 111 1 I Y §jr 1 )1
22 Sat. transmitter power dBW || 7.k }8,9 {12.3 |15.4]16,9 |2033]| 12.4113.9 | 17.3]20.L |21.9 | 25.3j 174 18.9 | 22.3 125.4126.9 | 30.3]22
' W H5.517.8 117 135 J49 107 {117 J25 154 {130 J155 ] 349 | 55 78 1170 By Juoo | 16700 |

% Circularly polarized artennae are assumed at both the tranemitting and receiving ends. . The losses in this item include -ellipticity losses

due to antenna imperfections, movement of the supporting stru
arza relative to-Ime includes ¢

%% See reference (6).

he miscellaneous

osgses, . -

cture, etc., and perturbations of the setellite position. The effective antemna




- BROADCASTING FROM SATELLITES

<.~

APPENDIX IJ-c
: FM TELEVISION SYSTEM PARAMETERS AT 2600. MHz
Eguivalent rectangular bandmdth 20 ¥Hz (equivalent to 22 MHz .total channel banduidth)

1 s/u (lu%ggdsiﬁé)to Tom.8, a o L5 50 )

2 C/N before demedulation (exceeded for s o]
9% of the time) dB 9.9 14.9 19.9 _

3| Type of reception Community Individual Community - Individual Community. Individual {3

4 | Receiver noise factor de b 6 b 6 ' b 6 4

51 Corresponding nolse temperature oF 725 1160 725 1169 725 1160 5

6] Nolsc power in equiv, rect. bandwidth) dBY ~127.0 ~125,0 -127.0 -125,0 -127.0 -125,0 3

7| Required carrier power - dBW -117.1 =115, -112,1 -110,1 ~107.1 ~105.1 - 7

8| Type of receiving antenns 3m paraboleid 1.5m paraboloid]i 3m paraboloid 11,5m paraboloid || 3m paraboloid 1l.5m paraboloid g
O A B bactive) Pl aB 35.7 29.7 35,7 29.7 35,7 297 |9]

110{ Misc. receiver loases # dB 1 1 1 1 1 1 10

11] Effective ant, area rel., to 1 m2 ¥ B | 5 -1 5 = 5 =1 h1

12 | Required fivx (995 tims) dBA -122.1 -114,1 ~117.1 -~109.1 . .112.1 —~104.1 ho

13| Equivalent field strength dBu 23.9 31.9 28,9 36,9 33.9 1.9 13
. uV/m 16 39 28 70 50 125 '

e e et | | w2 152 152 2 152 T

| ety RoESres B e the time | aB 0.4 0ok Ol 0.k 0.4 Ok 5

16 Requiredae fégepaffé'g?m gatellite- B 41.3 49.3 46.3 . ‘—54.3, 5173. 59,3 - hé

; il 13 8 43 269 135 850

17| Sat, antenna beamwidth ° jl17le |3 j37i2 3 W74z |3 Ji7l2 |3 |7 )>2 3 J1l.7]2 3 _hy

18] Sat. antenna diameter m 4.8 | 4.0 ) 2.7 4.8 | 4.0 | 2.7) 4.8] 4,0} 2.7} 4.8 4L.0]2.7 1 4.8 ) L.O0f 2,7} L.8] 4.0]2.7 he

19| Earth coverage diameter mi || 660} 780 {1170 [660.. | 780 [11701| 660.1 780 |11701 660. | 780 170 Jl660 | 780 [1170 | 660 ] 780 11170 hig

20| Sat. ant. gain (beam edge)(55% eff.) | dB | 36,6{ 35.1{ 31.7|36.6] 35.1131.7]36.6135.1 131.7] 36.6135.1 |31.7]|36.6 | 35.1 | 31.7|36.6] 35.11 31.7}20

211 Sat, filter and feeder losses etc, dB 1 1 1.1 1 SO N T 1 111 1 1 1. 1 1 171 1Rl

22| Sat. transmitter power aBW | 5.7] 7.2]10.6]13.7} 15.2118,6 || 10.7}12.2 115.6118.7 [20.2 }23.6]1 15.7 1 17.2 | 20.6 23.7] 25.2] 28.6[22

; Wi 3.7 5.21 11 |23 33 {72 ll12 a7 {36 {7a o5 229 {37 |52 {115 234 331 [725

*: Circularly polarized antennae are assumed at both the transmitting and recelv:.ng ‘ends.,

due to antenna mpegfectlons, movement of the supporting structure, ete., and pez’aurba.tlons of the satellite pos:.tlon,
includes the miscellaneous E

area relative to Im
#% See reference (6).

osses.

The losges in this item include ellipticity losses

The effective anfenna.
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due to antenna :_mpegfectlons
area relative to

#% See reference (6)

movement of the sugport,mg structure, etc,, and perturbations of the’ satelllte pos:.tlon,

includes the mlscellaneous

OSSBS. .

The effective antenna

B
BROADCASTING FROM SATELLITES . APPEIDTE I
FM TELEVISION SYS’D'.‘H PARAI’ETERSATZéOO MHz ’
Equivalent rectangular bandwidth 22 MHz (equlva.lent to 24 MHz total channel bandwidth)
1] s/N (luminance signal to r.m.s,
/N Lt penee e a8 40 L5 50 ¢ i
2| ¢/N before demodulation (exceeded for ' >
1. ) 99% of the time) dB , 8.2 13.2 - 18,2
3| Type of reception Commnity _ Individual Commnity - Individusl Conmnity Individual {3
4| Receiver noise factor _ _ dB L ' 6 4 6 b 6 L
5| Corresponding noise temperature of 725 1160 . 725 1160 725 1160 5
6| Noise power in equiv, rect. bandwidt h) dB ~126.6 - =12k,6 =126.6 =124.6 =126.6 ~124,.6 6
|_7[ Required carrier power aw § -118.4 -116.4 -113.4 ~11l.k -108,4 =106,k 7
8| Type of receiving antemns 3m peraboloid 1.5m paraboloid|| 3m paraboloid |1,5m paraboloid | 3m paraboloid 1.5m paraboloid| 8
. Rx. amtenna gain above isotropic : oy ) : ¢
4 (553 Srrective) o oF dB 35,7 29.7 - 35.7 29.7 35.7 29.7 9
10} Misc. receiver losses * dB 1 1 1 1 1 1 - Bo
11| Bffective ent. area rel, to 1l m? ¥ dB 5 = 5 -1 5 -1 1
1321 reguired £lux (995 time) agmd . ~123.4 =115k - -118.4 -110.4 ~113.4 ~105,4 12
13 | Equivelent field strengih dBu 22,6 30.6 27.6 35.6 32,6 £0.6 13
. o uv/m 13 3L, 2, 60 43 107
1| Free space attenuation between o : 192 192 192 .
isctropic sources 39000 km apart dB 192 192 ) 192 ) e g 2. e
35} Totel atmospheric attenugtion ¥ - o R
’ eﬁceedgd ?g?‘ gli_ess then 1% gg the time | dB © Ooli. 0.k ) ,O"l" 0.l 0 . 0 h.- 15
16| Required e.i,r.p. from satellite 50 ° 58 :
' = at edgepof bean) dBW 40 L8 45 53 . 16
_ . ¥ n 72 _ - 36 . 229 15 S 725
17/ Sat. antennz beamsidth © li7]l2 I3 Jr7l2 03 fa7t2 |3 Jai7l2 13 llzl2 13 {1712 [3 h7
18| Sat. antenna diameter - o fu8]| 4.0 2.714.8]14.0 | 2.7(4.8} 4.0} 2.7] 4.8 ] 4.0}2.7 4.8 | 4.0 [2.7 | 48] 4.0]2.7 8
19| Earth coverage diameter mi 6607 780 {1170 {660 | 780 1170l 660} 780 {1170 660 | 780 | 1170 || 660 780 {11170 [ 660 | 780 {1170 19
20| Sat. ant. gain (bean odge) (552 off.) | &8 || 36.8| 35.1|31.7 |36.6] 35.1|3L.7|p6.6 | 35.1 [31.7|36.6 [35.1 | 31.7] 36.6| 35.1 | 31.736.8 35.3 31.7}20
21| Sat, filter and feeder losses etc ’ dB . 1 1 1.0 1 1 11 1 .1 i 1 1 1 1 1 -1 1 1 1 Rl
22| Sat, transmitter -power asW |l 4.4 15.9 [9.3 |12.4{13.9 |17.3} 9.4 1 10.9 | 14.3117.4 |18.9 ) 22.3 ] 14.4] 15.9 ] 19.3 [22.4] 23.9] 27.3]22
- . . ] W 2.813.9 {85 |17 |25 |54 8.71 12 |27 |55 |78 170 |28 | 39 85 174 | 246|537 i
* Cireularly polarized antennae are assumed ab both the transmitiing and receiving ends. The losses. in this item include ellipticity losses
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BROADCASTING FROM SATELLITES .. . APPENDIX TI-e
AM/ySB TELEVISION SYSTEM PARAMETERS AT 2600 MHz
Equivalent rectangular bandwidth 4 Miz (equivalent to 6 MHz total charmel bandwidth)
1| s/N (luminance signsl to r.m.s. . o
/i weighted n%ﬁe) dB 33 Lo . 1?5 1
2] C/N before demodulation (exceeded for - " 2
99% of the time) dB . 36 L ) L6
3| Type of reception : Community Individual Commmity Individual. Community - Individusl |[3:
L, | Receiver noise factor dB L 6 - L 6 L 6 L
5] Corresponding noise temperature . Sk 725 1160 725 . ] 1140 725 1169 5
6] Noise pover in eguiv, rect. be.ndw:idth) daBy -134 =132 =134 =132 ‘=13l =132 3
7| Required carrier power dBw | -98 . 96 =3 - -1 -88 -86 7
8| Type of receiving antenna ' 3m paraboloid |1.5m parabolcid || 3m paraboloid | 1.5m parsboloid [{3m paraboloid  [1L5m paraboloid| 8
. ant in ab isotropic ) : :
9| Bx. entonns ggfecgigg*;’ sotrop B 35.7 29.7 35.7 29.7 35.7 29.7 9
10| Misc, receiver losses #*’ - dB 1 1 1 1 1 1 10
1] Etfective ant, srea rol. to 1 m2 3 dB 5 -1 "5 =1 5 -1 h1l”
12| Reguired fluwx (99% time) daBuk?l g3 -95 -98 =90 03 -85 iD
13 | Equivalent field strength dBu L3 51 L8 56 53 6L 13
_ uV/m w1 315 250 630 Y 1120
14| Free space atienuation between . .
| isotropic sources 39000 km apart dB 192 - 192 192 192 192 , 192
151 Totel atmospheric att tion 3% - ]
2| eovesded PR S eae than 3 a2 the tine | B 0.l Oule Ooly Ooly 0ok o Ok b5
16| Re uired e.i.r.p. from gatellite = 8, . ' s o hel.
s edgf of beam) dBH 60.4 68.4 6541, 3ok 704k, 788 [L6
X 1100 6920 3470 21900 11000 69200
17} Sat, antenna beamwidth ° 1,71 2 3 1.7 § 2 3 Nigl2 |3 1.7 |2 3 1.7 2 3 1.702 13 h7
18| Sat. antenna diameter 0 | 58 | b0 | 2.7 [5e8 | 4.0 § 2.7 5e8 | 5O | 2.7 ) 5a8 | LoO ] 2.7 4e8 | LoO | 2.7 | 48] 1.0 12,7 18
19| Farth coverage diameter mi 660 | 780 {1170 [ 660 | 780 17014 660 | 780 [117C | 660 | 780 {1170 || 660 780 {1170 | 660 | 780 |1170 g
20| Sat, ant. gain (beam edge)(55% eff.) | dB | 36.6] 35.1131.7[36.6] 35.1131.7 [ 36.6{35.1 [31.7] 36.6{35.1 |31.7|[36.6]35.1 |31.7 B6.6]| 35.1] 31.7{20
21| sat, filter and feeder losses etc, dB 1 1 1 1 1 1 5 A 1 1 {1 1 1 1 1 41 hK 1 121
Sat, transmitier power ABW ) 2),.8126.3 129.7 132.8 34,3 37.71 29.8131.3 1347} 37.8139.3 {427 i 34.8 | 36,3 |39.7 2.8} 4h.3] 47.7)22
) W O§302 |426° 1933 11900 | 2690|5880 §f 955 1 1350 | 2950 | 602018500 18600{3020 5,260 | 9330 R9100j26900 {5800
* Circularly polarized antennae are agsumed at both the transmitting and receiving emds. The losses in this item include ellipticity losses

due to antenna mpeﬁfectlons, ‘movement of the suE porting. st.ructure, ete., and par’r.urbat:.ons of the satellite. p051t10n.
area relative to Im< includes the. mlscellaneous osses, ’

#% See reference (6).

"The effective antenna .
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BROADCASTING FROM SATELLITES
FM TELEVISION SYSTEM PARAMETERS AT 12000 MHz

. APPENDTE III-a

Equivalent rectangular bandwidth 16 MHz (equivalent to 18 MHz total channel bandwidth)
1] s/v (lg:ggggggdsiggfé)to rR.8. . 40 L5 50 1
2] ¢/ befg;s 2?“3%‘;1@32? {exceeded for B U6 196 206 | 2
3| Type of reception Comrmunity - Individual Community Individual . Community Individual 3]
4} Receiver noise factor éB L 6 - b 6 Lo 6 A
5| Corresponding noiss temperature oK - 125 1160 725 1160 725 1169 5
6| Noise power in equiv. rect. bandwidth) d4Bd ~128,0 - -126.0 ~128.0  =126.0 -128,0 T ~126.0 6
7| Required carrier power dBW-’ -113.4, ~111,5 ~108.4, =106.4 ~103 .4 =101.4 - i
8| Type of receiving antenns 1.7m paraboloid | lm parabeloid - || 1.7m paraboloid|lm paraboloid 1.7m paraboloid | im parsboloid |g
P\ ST Eitective) oo a8 43.9 39.2 43.9 39.2 139 39.2 |9
10| Misc, receiver losses # dB 1 -1 1 1. . 1 1 10
11| Effective ant, area rel, to 1me ¥.. | 4B & -1 5.7 -1 5.7 - —5.7 h1 |
12| Required flux (99% time) dEA%  -112.1 ~105.7 ~107.1 ~=100,7 =102 95,7 12
131 Equivalent field strength dBu " 33.6 40.3 38,6 45.3 "~ 43,6 50.3
u¥/m 48 100, 85 18s 151 327
e Egiﬁrigigesif.ﬁg‘ia%ggobiff;gﬂ - . 206 206 206 206 206 206 L
B e e e ™ he time | aB 2.2 2.2 2.2 2.2 2.2 2.2 b5
16| Required e. édiepaffiz‘:m?“m“ a5 52.8 59.5 578 &5 62.8 9.5 = Pb
, _ . Kd 190 890 603 _ 2820 1900 ) 8900
17| Sat. antenna beamidth ° fli7]l2 .13 Ji712 3 N1 2 13 f3i97l2 J3 Jlz.r )2 13 J17]2 |3 by
18| Sat, antenna diameter m 1.041 .88 .58 11.04] .88 | .58 1. .88 .58 11.04 |.88 |.58 |10, .88 |.58 P.Oo4|.88 |.58 [i8
19| Earth coverage diameter mi 660 | 780 {1170 | 660 | 780 {1170 660 | 780 |1170| 660 | 780 j1170 || 660 | 780 [1170 |'660 | 780 {1170 hig
20 sat. ant. gain (beam edge)(55% eff.) | a8 [36.6 35.1 [31.736.6]35.1 [31.7]136.635.1 [31.7|36.6 [35.1 | 31.7}|36.6 | 35.1 | 31.7136.6]35.1 | 31.7[20
21| Sat, filter and feeder losses etc. g 1. |1 1o b1t 1 N T I N A 1 1.1 1 J1 1 Jai .
22| sat. transmitt'er power | dBW 117.2 |18.7 |22.1 §23.9)25.h |28.8)i22.2123.7 | 27.1128.9 [30.4 | 33.8]l 27.2] 28.7 | 32,1 B3.9]35.4 | 38.8[22
» W §52 |7h 162 J2u5 A7 |758 ) 166234 1513 | 775 {1100 | 24000 525 | 70 11620 124503470 | 75801

* Clrcularly polarized antennae

‘due to antenna imperfections,
area relative to

%% .See reference (6).

are assumed at both the transmitting and receiving
movement of the suEpor’rang structure, e‘bc., and perturbatlons of the sa‘aelllte pos:.t:.on.
includes the mscella.neous

08S€es,

ends, -

The lossee in this item include. ellipticity losses

The effective antenna
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APFENDIX III-b

BROADCASTING FROM SATELLITES _
FM TELEVISION SYSTEM PARAYETERS AT 12000 M.Hz
Equivalent rectangular bandwidth 18 MHz (equivalent to 20 MHz total channel bandwidth)
1! s/n (1%&0%)1;0 TR.S, B o 45 50 N
21 C/N before demodulation (exceeded for : 2
99% of the time) dB 2 1 . 22
3| Typs of reception . Commnity Individusl Conmunity Individual Conmunity Individuzl - |3}
| 4| Receiver noise factor éB i % s ) 3 5 - 3 B
5| Corresponding noise temperature K 725 11460 725 1160 725 1165 5
6| Noise power in equiv, rect. bemdwid’ch) dB -127.1; —125.L 1274 ~125,1, =127.%,- =125.1; 3
7| Required carrier power . 4By =115.L =-113.5L =110.4 =108.L . -105.4 =103 .. 7
8! Type of receiving antenns 1.7m paraboloid | Im paraboloid ||1.7m paraboloid | lm paraboloid §1.7m paraboloid |Ilm paraboloid [g
| ) P SR Serectivey o r o 3.9 392 13.9 39.2 139 392 |9
10| Misc., receiver losses dB 1 1 1 1 1 : 1 i)
{11} Effective ant, area rel, to L m? ¥ dB -1 =5.7 -1 5.7 1 —5.7 11
12| Reguired flux (998 time) B/ =114 .k =107.7 =109.4 =102.7 =10 oL; -97.7 ho
13| Equivalent field strength dBu 31.6 38,3 36.6 53,3 41.6 L8.3 13
wv/m 38 82 Y 16 120 260
| Troe epece sttemapion wbeen | | 2 206 26 206 206 26
b | e Rk eas Bhea 2" i he tine | B 2.2 2.2 2.2 2.2 2.2 2.2 ps
1% Req“ire‘(iag-iégepaffgg‘;‘m’j‘atemw ) am 50.8 57,5 5.8 62.5 60.8 o 515 e
, K 120 562 380 1780 1200 © 5620
17] Sat. antenna beamwidth o fli7l2 3 Jizf2 3 flazt2 }3 Jizl2 |3 Wiz iz2 |3 J1.7i2 |3 7
18| Sat. antenna diameter m 1.0} .88 | .58 |1.0L| .88 | .58 1.04) .88 |.58 |1.0L | .88 }.58 [[1.0L] .88 |.58 |1.04] .881}.58 [18
19| Barth coverage diameter mi 660-| 780 1170 | 660 | 780 11170 660.] 780 |1170 | 660 | 780 [1170 |[660 | 780 1170 | 660 | 780 |1170 hg
20| Sat. ant. gain (beam edge)(55% eff.) dB || 36.6{35.1 |31.7 {36.6] 35.1|31.7]1 36.6[35.1 |31.7[36.6 }35.1 {31.7]36.61 35.1{31.7 6.6 |35.1 [ 31.7}20
21| Sat. filter and feeder losses etc. dB 1 1 1 1 1 1 1 111 11 1 1 1111 1 L o1
22| Sat. transmitter power dBW f 15.2]16.7 [20.1 |21.9 23.4]26.8] 20.2[ 21,7 | 25.126,9 {28.4 | 31.8]f 25.2] 26,7 [30.1B1.9[33.L | 36.8)p5 1
' W 033 |47 [102 [155 | 219 [478 || 105|148 1323 |90 [692 | 1510){331 | &8 | 1020 [1550]2190 | L780] |

% Circularly polarized antennze are assumed at both the transmitting and receiving.ends.

The.losses .in this item include ellipticity losses

due -to antenna imperfections, movement of the suiportn.ng s’cructure, etc,,
area relative to In? includes the miscellaneous 085e8,

and perturbatlons of the satelhte position,.
#* See reference (6). , : . v L

The effective antenne




@

BROADCASTING FROM SATELLITES
F¥ TELEVISION SYSTEM PARAMETERS AT 12000 b

( .

APPENDIX I1T1-c

Equivalent rectangular bandwidth 20 MHz (equivel

ent to2< MHz total channel bandwidth)

1| s/ (h%gds%to T8, B 10 . | W5 50
21 C/N before demodulation (exceeded for , ' 2
) 99% of the time) dB 9.9 - . . 14.9 . o 19.9 . .
3| Type of reception Community Individual Community ‘Individusl Community Individusl {3
L1 Receiver noise factor dB I .6 L .6 - b 6 L
5| Corresponding noise temperature oK e 1160 - 725 1160 725 1160 - 5
6| Noise power in equiv. rect. bandwidth) dBd ~127.0 | ~125.0 -127.0 -125,0 ~127,0 -125.0 6!
7i Required carrier power dBy ~117.1 ~115,1 ~112.1- ©~110,1 =107.1 ~105,1 7
8| Type of receiving antenna 1.7m paraboloid |lm parabeloid = | 1,7m ‘psraboleid | Im parsboloid 1.7m paraboloid | I1m paraboloid |8
L7) e o ity TR | w | 109 392 13.9. 39.2 w9 | a2 |9
10| Misc. receiver losses # ‘ dB 1 L 1 . 1 1 1 ho|
11| Effective ant. area rel, to 1 me % dB -1 =5.7 . -1 ~5,7 = -5.7 0l
12| Required flux (9% time) dBARf ~116.1 ~109.4 ~111,1 __=10k.h -106,1 -99.L - p2
13| Equivelent field strength dBu 29.9 36,6 34L.9 - h1.6 39.9 46,6 13
: , uv/m 31 ég - 56 120 99 21
| e e et e, | |2 2% 206 206 206 w6 i
b R A et n, e time | aB 2.2 2.2 2.2 2.2 2.2 . 22 p5
16| Boaudreg o e Pas o o e a8y 49.1 55.8 Sk 60.8 59.1 65.8  ib
. ‘ KW g ] .38 o257 1200 - 812 - 3800
17| Sat. antenna beamwidth ° fi7]l2 |3 l1.7]2 3 #3722 13 ji7)2 |3 Mi7 ]2 13 |1.7/2 {3 hy
18| Sat. antenna diameter - m |l1.04) .88 ] .58 |1.00] .88 | .58 1.04) .8s (.58 {i.04 [.88 |.58 ||1.04] .88 |.58 R.OL|.88 |.58 hs
19| Barth coverage diameter mi- 660 | 780 {1170 1660 ‘1 780 |11701{ 660 | 780 °|1170] 660 | 780 | 1170 Ht 660 780 1170 | 660 | 780 {1170 19
20[ Sst. ant. gain (beam edge)(55% eff.) | dB || 36.635.1 [31.7. |36.6] 35.1{31.7] 36.6]35.1 [31.736.6 {35.1 | 31.7{[36.6] 35.1 |31.7 B6.6[35.1 | 31.7]20]
21{ Sat. filter and feeder losses etc, dB 111 |1 {121 102 11 frjy {1} P S s S i A 1 1 1 Rl
122/ sat. transmitter power ‘ ' "dBW - § 13.5[15.0 [18.4-[20.2] 21.7]25.1 ] 18.5] 20,0 | 23.4 J25.2 [26.7 [ 30.1 ][ 23.5[ 25.0 | 28.% 0.2 {31.7 | 35122 |
' W §22 |327 169 |105 | 148 |32k || 71 |100 | 219 [331 |468 | 1020 22L | 316 | 692 11050 |1480 | 3240

*# Circularly polarized antennae are assumed &t both the transmitting and receiving ends. - The losses in this item include ellipticity losses .

due to antenna imperfections, movement of the supporting structure, et
area relative to 1m? includes % ‘

#% See reference (6).

he miscellaneous losses.

., and perturbations of the satellite position. The effective antenna-
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BROADCASTING FROM SATELLITES
FM TELEVISION SYSTEM PARAMETERS AT 12000 MHz

‘@

APPENDIX IIT-d

Equivalent rectangular bandwidth 22 Mz (equivalent to 24 MHz total channel bendwidth)

11 5 luminance sign.al to r.m.8, -
/N ( weighted noise) dB 40 L5 50 N
2| ¢/N before demodulation (exceeded for| . . 3y A
99% of the time). dB ‘ 8.2 _ S 13.2 18.2 :
3| Type of reception Community _Individual . Commnity Individual Community Individual 3
L | Receiver noise factor dB L ) 4 b b. 6 A
51 Corresponding noise temperature oK 725 160 725 - - 1160 725 1160 5
6| Noise power in equiv, rect, bandwidth) .dB4 -126.6 ~124.6 . -126,6 12,6 ~126,6 ~124.6 6
7| Required carrier power dBW ~118.4 ~116.4 _~113.4 =111,k <108, 4 ~106.L 7
8] Type of receiving antenna 1.7m paraboloid | Im paraboloid 1.7m_paraboloid|lm paraboloid 1.7m paraboloid | lm paraboloid | 8
| e ocaiae; ~oovropie aB 43.9 39.2 - 13.9 39.2 13.9 39.2 9
10| Misc. receiver losses % : dB 1 1 1 1 1 1 1%0)
1{ BEffective ant, area rel., to 1 m2 % dB’ -1 -5.7 -1 T 5.7 -l 5.7 11§
12 Reguired flux (995 time) dBimd  -117.4 -110.7 =112.1, ~105.7 =107,k ~100.7 2
13| Equivelent field strength dBu 28,6 35.3 33.6 40.3 38.6 L5.3
‘ ‘ . u¥/m .27 58 L8 104 85 18
1} | Free space attenuation between : . : 3
isotropic sources 39000 km apart dB - 206 206 - 206 206 206 206 A
[P s S | @ | 22 s
16 Requirez(iae g.ég;paffgg:m?atemte B 147.8 54.5 52.8 59.5 57.8 6h.5- 06
Kl 60 _ 282 -o190° . f.. 890 . 603 ) 2820
17) Sat. anterina beamwidth °© 13742 |3 J1.71]2 3 1.7 2 3_l17 ]2 3 #1712 13 11712 |3 47
18) Sat. antenna diameter n Jli.on) .88 ) .58 J1.04) .88 | .5801.00) .88 |58 |1.0u] e8| .selfi.0n) .88 .58 |1.04 .88 .58 he
19| Earth coverage diameter mi 660 | 78011170 |660. | 780 11701 660 | .780 [1170| 660 | 780 |117C |l 660 780 11170 {660 | 780 {1170 ho
20} Sat. ant. gain (beam edge)(55% eff.) .| dB 36.6] 35.1]31.7 |36.6] 35.1)31.7 1 36.6135.1 |31.7] 36.6]35.1 |31.71136.6 | 35,2 131.7 B6.6] 35.1]31.7]20
21| Sat, filter and feeder losses etc. dB T T T RN N T %% T T I S A R A 2
22§ Sat, transmitter power - dsW § 12.2] 13.7]17. l 18.9 | 20.4.123.8 11 17.2]18.7 §22.1} 23,9{25.4 | 28,81 22,2 23.7 | 27.1 8.9 30.4 {33.8]22
: W .§17 |23 |5 |78 |10 [20)52 |7 {162 | 245 {347 |758 ||366 | 234 1513 | 775] 1100f 2400
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10} ¥isc. receiver losses ¥ dB 1 . 1 ' 1 i 1 . 1
11| Effective amt, eres rel, to 1pe ¥ dB =l 5.7 C-l ~5.7 -1 ~5.7
12| Requirved flux (99% time) app 771 =903 =92 | =83 =87 | =80.37 ha|
13| Bquivelomt field strengeh dBu 19 55.7 5l : 60.7 59 65.7 13

- wW/m 282 610 500 1080 890 1930 .

e e, | | me | me | we | s ERN
T| Totel stopepherle siemgtign & T | 22 | 22 22 a2 |22 |2z by
* R R By - 68,2 Thes9 . T2 - 19 182 . 8.9 pé

o K " 6600 | 30900 20900 - |0 97800 i é6000 . 309000 -
17| Sat. antenna beamsidth ° fizt2 13 li7j2 {3 #i7l2 |3 jizl2 §3 fli7j-2 13 ‘Ju7l2 13 h7
18| Sat. antenna diemeter m {|1.04 | .88 | .58 | 31,04 .88 ].58 {{1.04] .8 .58 {1.041.88 | .58 ji1.04 | .88 }| .58 (1.04} .88 [.58 D8
19§ Earth coverage diameter mi 660 | 780 (1170 | 660 | 760 [1170% 660 |- 780 {1170 660 | 780 {1170 || 660 780 {1170 | 660 | 780 11170 [ig
20| Sat. ent. gain (beam edge)(55% eff.) | dB [36.6]35.1131.736.6/35.1 [31.7)136.6 | 35.1] 31.7|36.6 | 35.1] 31.7]36.6 |35.1 | 31.7]36.6]35.1]31.7 ool "~
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due to antenna imperfections, movement of the suiporting structure, etc,, and perturbations of the satellite position. The effective antenna
area relative to 1m£ includes the miscellaneous losses. o S . R : : - ]
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COMPARISON OF CONCLUSIONS*

APPENqui;v .

‘Frequency band

T

Types of reception F M AM
- Sharing feasibility -Estimatedvnumber Qf Sharing feasibility 'Estimated,number
- independent programs Co ' of independent
S S .programs
Community 614-890 Miz extremeiy difficultf
: shared to achieve : ' '
(see § 2.1 a) 8 - 26 not feasible - nil
exclusive 100 ,
MHz between NA 3 -10 NA 8
614 and 890 ’ :
MHz
2548-2686 MHz relatively easy to R .
shared achieve (see § 2.1 a) 9 -2 not feasible nil
exclusive
138 MHz band :
between 2548 NA 9 - 27 NA 12 - 23
and 2686 MHz '
11700-12200 MHz : L
exclusive NA 68 ~ 220 NA - 42 - 125
Individual 6144890 MHz : : , A
: shared not feasible nil not feasible nil
exclusive 100
MHz band bet- _
ween 614 and - NA 2 -3 NA 8
890 MHz
2548-2686 MHz -
shared” somewhat difficult . . . o
: . to achieve- - 5~ 18 | not feasible . onil
(see § 2.1 ¢) o L :
exclusive 138 . ' - S Co
MHz between NA -5 =18 NA - 12 - 23
2548-2686 MHz : ' '
11700-12200 MHz o L e on
»ex;lusive NA 42 - 132 NA .42 83

.\

1 sharing feasibility in the band 11700 - 12200 MHz was not studied -




 APPENDIX 2

PROPAGATION_AND ANTENNA NOTSE.CONSIDERATIONS

IN THE-DESIGN OF SATELLITE‘BROADCASTING SYSTEMS . -




PROPAGATION AND ANTENNA NOISE CONSIDERATIQNS
IN THE DESIGN OF
SATELLITE BROADCASTING SYSTEMS

B.C. BLEVIS

1. INTRODUCTION

This report presents a preliminary discussion of propagation and noise
factors affecting the design of satellite broadcasting systems intended for
operation at frequencies of 0.8, 2.5 and 12 Gllz. It considers attenuation
and noise contributions due to absorption and scattering by atmospherilc gases
and hydrometeors as well as noise received by the antenna from discrete
sources and in the sidelobes due to emission from the warm earth, It does
not consider any effects which may occur as the result of using a radome.
Neither is it concerned with those factors, such as forward scattering from

- precipitation, transhorizon propagation by partial reflection, turbulent

scattering or ducting, which may affect the sharing of frequencies between
different services if such sharing is found necessary. :

Unfortunately, little is known of what effectis the oecurrence of
turbulent ilrregularitles or elevated layers may have on the fading of
slgnals at low elevation angles. While there is general concurrence that
such effects will not be significant at elevation angles much greater than
about 59, there is evidence of the occasional occurrence of peak signal
deviations from the mean of the order of 2 dB at 7 GHz for elevatlon angles of
about 5 degrees.

2. GASEOUS ABSORPTION

The zenith attenuation due to oxygen and water vapour has been calculated
[1] as a function of frequency using the U.S. Standard Atmosphere for July

- at latitude 459N, and recent values of the .line breadth constants for oxygen

and water vapour. These data may be used to derive the attenuation for other
elevation angles by multiplying by the secant of the zenlth angle. This
approximation has been shown to be valid to an accuracy of better than 1% .
for zenith angles less than 85° and for an atmosphere associated with an
effective earth's radius of 4/3[2].

Derived values of total gaseous absorption through the atmosphere
are given in dB in the following table for 12 and 2.5 GHz as a function of

elevation angle.

. “IOIGZV'A
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£ elevation angle

| GHz 90° | 30° | 10° 5°
12 0.06 | 0.12 | 0.35 0.69 1
2.5 0.035] 0.07 | 0.20 0.40

 The values for an elevation angle of 5° are in substantial agreement with

values obtained using the method of Holzer [3], although they are somewhat

less than those proposed by Benoit [4].

3. ATTENUATION IN CLOUD OR FOG

The attenuation coefficient of cloud znd fog can be obtained easily
from theoretical considerations and is simply proportional to the liquid
water content (since the particle.size is small compared to the wavelength
for all frequencies of interest). However, little is known statistically of
the horizontal and vertical extent of clouds of given water content and their

-oceurrence.

For calculations of attenuation due to clotid, Holzer [3] has assumed,
as a worst case for temperate latitudes, a frontal zone cloud cover having
a liquid water content of 0.3 g/m3 and 6 km vertical extent. On this basis,

the attenuation at an elevation angle of 5° can be shown to be approximately

2.7 dB and 0.2 dB at frequencies of 12 GHz and 2.5 GHz respectively. The

. corresponding figures for an elevation angle of 102 are 1.4 and 0.1 dB.

On the other hand, observations made near Boston [5] of the absorption
of solar radiation during the winter of 1967 and the spring and summer of
1968 showed that, during the occurrence of cumulus and cumulonimbus cloud
along the path, the attenuation lay between 0.2 and 0.6 dB for 97% of the
time at 15 GHz and between 0.15 and 0.25 dB for 97% of the time at 8 GHz.
Attenuations observed during the occurrence of other types of clouds were
significantly less. On this basis, it is concluded that an allowance of 1.0
dB and 0.1 dB for attenuation in cloud at 12 GHz and 2.5 GHz respectively
shpuld be mpre thap adequate for elevation angles greater than about 5°
taking into consideration the percentages of the time involv;d.;; :

vedd3
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It has been assumed frequently that this margin should be added to
that obtained for precipitation and gaseous absorption in order to obtain an

overall allowance for atmospheric effects. There seems to be no particularly -

valid rcason for this, and certainly this margin may be accommodated by

the greater margin generally assumed for rainfall. In particular, if the =~ -
- system margin for rainfall can be derived from direct measurements of

attenuation; the effects of cloud which occurs simultaneously will be
included.

It should be noted that, at these frequencies, attenuation due to ice

" cloud will be about two orders of magnitude less than that due to water
- cloud of equivalent water content. : :

L4 ATTENUATION DUE TO PRECIPITATION

There is a notable lack of information on attenuation due to

precipitation which has been obtained from direct measurements along elevated .

paths. Such information would be useful in deriving figures for the attenua-
tion expected to be exceeded for a given percentage of the time at any given
frequency and elevation angle. In fact, only three such studles have been

uncovered, Other studies have postulated coarse models or used meteorological

or weather radar data to derive these figures. Unfortunately, even aside

from the variation from year to year, with elevation angle and frequency, and f'
'with climatology, there appears to be no consistency among the various o

studies.

.The most extensive of the studies involving direct measurement of the
attenuation due to precipitation is that carried out in Japan [6,7] at

© three frequencies, 9.4, 11,8 and 17 GHz, using solar radiometers. The studies SRR
-covered a four-year period, from 1965 to 1968 inclusive, at 9.4 GHz. The datali _“"’”*

at 11.8 and 17 GHz were for 1968. All data were normalized to an elevation
angle of 45°. A similar study, involving daytime measursments of the
attenuation of solar radiation and nighttime measurements of atmospheric
noise temperature, was carried out in New Jersey [8] during 1968 at 16 and

.30 GHz. At Ottawa, observations were made during the summer of 1967 at

7.3 GHz, for elevation angles between 10° and 20 using beacons on the .DCSP .

‘satellites [9].

Among the studies of attenuation statistics involvingz models of

- precipitation based on meteorological considerations, there are a number of

particular interest including those by LeFande [10], Holzer [3], Benoit [4]
and the Air Weather Service, MALS [11]. An extensive study has also been

carried out in the-USSR [12], but insufficient information is available to -
permit adequate interpretation of the data. s J R

° 004 ’
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Studies by Austin [13] and Rogers and Rao [14] have used backscatter

.data obtalned from weather radars to derive attenuation statistics but these

studies have also involved a number of assumptions to obtain a precipitation
model. '

Of course, the phenomenon, and therefore the appropriate model, changes
depending on the percentage of time of specific interest. For example, for
very small percentages of the time, such as 0.01%, it would be expected that,
at least in Canada, precipitation during thunderstorms would be of greatest

- interest and that the variation of attenuation with elevation angle would be =

less than that for greater percentages of the time when precipitation from
stratiform cloud would be more significant.

It seems appropriate to try to relate attenuation statisties to
climatology, and therefore to be able to extrapolate data obtained for one
location to any other, by correlating the attenuation information with some :
generally available meteorological parameter. It is suggested that, depending .
on the percentages of the time involved, some correlation might exlst between
the attenuation at any given frequency and the number of thunderstorm days
or the total annual rainfall divided by the number of days of measurable
precipitation. However, the amount of data available is clearly insuffieclent
to attempt suech a correlation.

In analyzing the available information, the various data were first

related to a single frequeney, in this case 12 GHz, for the purpose of removing,;,Fwnn A

at least one variable in the rationalization of the data. This was done by

-making assumptions on the rainfall rates corresponding to the various
" percentages of the time being considered. These assumptions can be justlfled

since the purpose is only to establish the form of the dependence of
attenuation on frequenecy, a relation which changes only slowly with rainfall
rate,

In this way, the data obtained in New Jersey at 16 and 30 GHz during

1968 indicate that at 12 GHz an attenuation due to rainfall of 2.6 4B would be:fu'

expected for 0.1% of the time for all elevation angles between 26© and 739.
The Japanese data, normalized to an clevation angle of 45°, give values for

0.1% of the time at 12 GHz of between 1.l and 3.8 dB. The Ottawa data, which - = -

were obtalned at 7.3 GHz during 1967 at elevation angles between about 109
and 20° , result in a value of attenuation of 1.8 dB at 12 GHz for O. l/
of the time.

The model studies have by and large gilven values much in excess of
those above. Tor example, the model corresponding to 0.1% of the time,
proposed by LeFande, yields a value of 5.7 dB at 12 GHz for an eclevation angle
of 5%, and that used by Holzer, and adopted by Benoit, but using instead
the dependence of attenuation on rainfall rate due to Medhurst [15], predicts
values of 3,5 dB and 6 dB at 5° elevation angle for Paris and Washington,

\respectively.

Qooos
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While the model studies are informative, one must necessarily apply
more weilght to those few direct measurements which have indeed been made. ,
Furthermore, the climatology of much of Canada is such that the attenuations
corresponding to small percentages of the time might be .rather less than ’

_those derived for Washington.

On the basis of this discussion, it is conecluded that a value of 3 dB
would provide a more -than adequate margin for rainfall for 0.1% of the time
at a frequency of 12 GHz and an elevation angle of 5° for most locations in
Canada. Furthermore, it should be noted that, while higher values of
attenuation may be expected to be encountered for 0.1%7 of the time at a
few locations in Canada where the total annual precipitation is significantly
greater than at Ottawa, lower values would apply generally throughout the
Canadian north, where elevation angles would be also generally lower than
elsewvhere except perhaps for the east coast (depending on the location of the
satellite). -

For attenuations corresponding to 0.01% of the time (53 mlnutes per year), -

" the situation is rather more difficult. TFor the very small percentages of

the time, if is expected that, for Canada at least, the precipitation during
thunderstorms is of greatest interest, As a result, the variation from year -
to year and from location to location would be considerably greater than that -
for larger percentages of the time. In fact, studies at Montreal [14] using
weather radar data show a large varlatlon with azimuth of the attenuattion -
expected for 0.01%Z of any year.

Referring to the studies described above, the three-frequency data
obtained in Japan indicate an average attenuation of between 7 and 8 dB
for 0.01% of the time at 12 GHz, except that, over the four~year period
from 1965 to 1968 inclusive, a variation of from 5 to 11 dB was obtained.
The 7.3 GHz data for Ottawa give a corresponding value of less than 4 dB,
but did not include thunderstorms. The New Jersey data for 1968 give a
value of about 14 dB at 12 GHz.

In connection with the model studies, the model used by LeFande

" corresponding to 0.01% of the time would suggest an attenuation of between

9 and 16 dB depending on the eclevation angle. The model used in the analysis
of the weather radar data at Montreal give, for an elevation angle of 10°

.. a value between 20 and 35 dB depending on the azimuth. These values may be,‘
. in doubt because of difficulties associated with the absolute calibration

of the radar and enhanced backscatter from hail.

If the interpretation of the data in terms of comvective rainfall is

valid, it would be expected that any system margin determined for Ottawa or

-
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Montreal would be more than sufficient for virtually all of the rest of
Canada. The choice of an actual value, for the attcnuetion to be expected

“for 0.01% of the time at an clevation angle of 5 , however, remalns somewhat

arbitrary. In the absence of more complete 1nLormation; a value of 10 dB

appears reasonable. This would correspond to negligible attenuation at 2.5 GHz.:f!<:

It is worthwhile mentioning, at this point, the experience of CRC that,

- during periods for which the rainfall attenuation might be expected to be

greatest, it is not rare to have a complete loss of primary power from the

rural mains.

For 1.0% of the time, the direct measurements made in New Hersey for
clevation angles betwecn 26° and 73° give a valuc of about 0.5 dB attenuation -

~at 12 GHz. The Japancse data at 45° alevation support a value of between

0.8 and 2 dB. The model used by LeFandu gives a value of 1.5 dB at an
elevation angle of 5 5° or 0.2 dB at 90°. Since the attenuation expected for
1% of the time is expected to vary with elevation angle according to some
relation approaching the normal secant law for zenith angles less than 85
and model studies may be morec easily justified, a value of 1.5 dB for 1%

of the time at 12 GHz and an elevation angle of 59 is suggested. No margin
would be required for the other frequencies considered.

4, ANTENNA NOISE TEMPERATURE

In determining the antenna noise temperature contribution to the overall
noise temperature of a reeeiving system, it is necessary to consider a number
of .sources. The principal contribution is due to atmospheric absorption and

reradiation into the main beam of the antenna. Additional contributions resu1t Ax~.
from atmospheric radiation into the side lobes and energy radiated into the
-side and back lobes from the warm earth. Sky radiation reflected by the .

ground into the side and back lobes is considered to be negligible when
systems with all but the 1owest noise temperatures are considered.

The antenna noise temperature is obtained by multiplying the effective
noise temperature as a function of direction by the normalized antenna

. radiation pattern and integrating over a complete sphere. For convenience,

and well within the accuracy required, a simplified antenna radlation pattern
is generally assumed. Tor example, it is possible for most large .
Cassegrain antennas to assume four beam regions [16] with the relative power -

| responses as follows:

-Main lobe 0.70
Side lobes, 0=~ 3 0.23
Side lobes, 3- -7° 0.05
Side lobes, 7- 180 0.02

- -v.'n7 S
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The beam regions, other than the main lobe, may be divided into a
number of segments appropriate to the varlation of the noise temperature
with elevation angle, It will be assumed [17} that side lobes at elevation
angles less.than ~100 see a tomperature of 290°K and at elevation angles
between -10° and 0° a temperature of 150°%. (This essentlally means that
the contribution to the antenna noise temperature for all elevatlon angles
below the horizon is independent of frequency and equal to about 5 K)

Above the horizon, the sky noise temperature. is that due to an ‘absorbing

medium (including atmospheric gases and precipitation) assumed to be of

finite thickness and having a mean radiating temperature, T K, which is a

function of the elevation angle. The sky noise temperature is then given

by -
= (1 - l/L)Tr

where L is the power loss factor of the absorbing medium.

For an elevation angle of 5° s, in the absence of rain, the antenna
noise temperature is then caleculated to be approximately 49°K at 12 GHz,

" and 28°K at 2.5 GHz.

In the presence of rain or cloud, the absorption by the rain or cloud
must be added to the absorption by atmospheric gases in ovder to determine
the sky noise tempaerature as a function of angle (and therefore the antenna
noise temperature). When the attenuation due to rain or c¢loud is much

greater than that due to atmespheric gases, and for elevation angles of about~;ﬁuu‘lm'

5" or more, an approximation can be made. Within the accuracy required for

the present purposes, it will be sufficilent to assume that the power response.. = " . "

of ghe antenna is confined to the main beam. The antenna nolse temperature
in "K is then simply

’ (1L - 1/L)290 + 5

 where L is the combined loss factor due to absorption by atmospheric gases. o

and liquid water. The constant term is an approximate correctlon for the

- contribution from all angles below the horizomn.

The additional noise temperature Lontrlbutlon from losses in the wave-

. guide connecting the antenna to the reciver is not considered here.

5. NOISE CONTRIBUTIONS FROM DISCRETE SOURCES AND
THE COSMIC BACKGROUND

Discrete sources, such as the more intense radio stars, the sun and the

" moon, may also contribute to the antenna noise temperature. However, the

discrete sources are distributed over the celestial sphere and have small
angular dimensions. They are therefore only rarely intercepted by the main
beam of the antemna and, with the exception of the sun, which has a relatively. -

_Q.!’.8A .‘ ‘
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" high equivalent noise temperature, will not be considered further,

The apparent temperature of the quiet sun (brightness temperature, T, )
varies from about 1.2 x 10% OK at 12 GHz to about 5 x 104 OK at 2.5 GHz and
3 x 10° 9K at 800 MHz. The antenna noise which results from the sun in the
main beam is given approximately by: :

. Q <
T Tb/L » for 8 < w

T
a

i

i

@/R) (T, /L)  for w <&

where @ ( = 47/G) is the solid angle occupied by the main beam and w is the
solid angle subtended by the sun, of angular width 0.59, Thus, for an 8 ft
receiving antenna at 12 GHz and an elevation angle of 5° (L = 1.17 for the
clear sky) the maximum antenna noise contribution from the quiet sun in the
main beam would be approximately 5000°K. However, the total duration of
interference for a geostationary satellite would only be about 25 minutes

per year (18) of which less than half would be at the maximum value. For_a‘;j; “-7

10 ft receiving antenna at 2.5 GHz, the maximum contribution from the

quiet sun would be approximately 1500°K, although the total duration of
maximum interference would be about two hours per year. In both cases, the
interference 1s divided between two daytime periods occurring near the
equinoxes. P

The effects of radio bursts and the slowly varying component of solar

- emission become increasingly important at the lower frequencies. At 2800 MHz

an increase in solar noise, due to the slowly varying compoment, of a factor ‘
of 3 over the level of the quiet sun has been observed at sunspot maximum.

Noise due to the cosmic background radiation should be taken into
consideration for the lowest frequencies. At 800 MHz, the contribution due
to the cosmic background can reach 40°K for an antenna directed toward the
galactic centre, although in general the value will be considerably lower.

. The background cosmic noise decreasces as the reciprocal of the frequency

raised to a power between about 2.3 and 2.8 and may be neglected in comparison
with receiver noise at all frequencies much above 1 GHz.

- 6. MAN-MADE NOISE

The contribution to the antenna noise temperaturé due to man-made or,

- as it ig frequently known, indigenous noise can be approximated by the expression: .

L G T, dQ
4w S5
278
for small B , where B is the maximum elevation angle from which indigenous
noise is received (assumed here equal to 10 degrees or 0.174 radians), G is

the gain factor of the antenna as a function of angle; T, is the effective
brightness temperature due to indigenous noise, and dR is an element of solid .

.“..".9’_ \ K ;_ .




-9 -

If the gain factor and brightness temperature can be replaced by their =

average values over the region between the horizon and B, thlS expre351on

can be Simpllflcd further to

B Ty G

2

There is however little information on which to base a value of the

effective brightness temperature particularly at UHF frequencies and above.
One continuing study [19], involving acrial and ground surveys of urban
area, has concluded that, at these frequencies, the major source of man-—-made
noise is automebile ignition.

At 950 MHz, the measurement showed an average (over 900 scconds) antemna _f:ff'*'

noise temperature for urban noisy locations of about 37 0°K (for 90% of the

-time, the antenna nolse temperature was less than 7200 K) and for urban
" quiet locations .of about 1200 K, The latter figure should also provide

some sort of an upper limit for the average antenna noise temperature for
suburban residential areas. The above values were obtained with a corner

. reflector having a 10 dB gain (referred to a depole) directed horizontally

at a helght of 12 feet above ground. For an antenna having, on the average,
a gain equivalent to that of an isotropic antenna over the region from ‘
which Indigenous noise is received the corresponding values of antenna
noise temperature would be somewhat less.

The average gain factor for a parabolic antenna intended for direct

(25 and 35 dB gain at 800 Miz and 2.5 GHz, respectively) and directed well
away from the horizon, is approximately 0.3 at 800 MHz and 0,15 at 2500 MHz .

[20]. The average antenna noise contributions at 800 MHz due to indigenous - -

noise under these circumstances would therefore be about 1100°K for urban .
nolsy locations and about 400°K for urban quiet locations. TFor 10%Z of the
time the antenna noise contributions due to indigenous noise for urban '
noisy locations could be as much as twice as great as the average value.

For many locations in Canada, however, receiving antemnnas would not

necessarily be directed well away from the horizon as assumed in the

. calculations of average gain factor. ¥ortunately, where this occurs the

density of automobiles would be expected to be correspondingly less and the
values derived for the antenna noise contributions can be assumed therefore
to include these locations as well.

No consideration is glven here to any reduced effects of impulsive

‘noise in an FM receiving system.

S X

 reception from a broadcast satellite, having- an equivalent diameter of 10 feet. . .°
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Antenria noise- temperatures due to man-—made noise will be lower at

2.5 Gliz than at 800 Miz by a factor of about ten. Man-made noise for
- rural locations is considered to be negligible at all frequencies above

about 200 MHz.

- 7. CONCLUSIONS

In.considering the propagation and noise factors affecting the design
of satellite broadcasting systems for Canadian domestic service, it

. is assumed that operation at elevation angles of 5© will be required. Whilé_
. reliability of the order of 99.997% for virtually all receiver locations LT
may represent a target for a sophisticated operational system, it is possible . ‘

that a reliability of 99.9% may be acceptable, in which case the system
margins at 12 GHz may be reduced considerably. It may even be possible,
in the first instance, for a demonstration system to accept a reliability
due to propagation effects for most locations of only 99% allowing a still

. further reduction in the system margin. Of course, whatever system margin .
is chosen, it is important to note that for most locations in Canada, because.
. of climatology or elevation angles more favourable than those considered
in this study, the reliability may be somewhat greater than indicated.

In respect to the attenuation and antenna noise contributions due to
absorption by atmospheric gases, the margins necessary will be largely

independent of the required reliability and will be as given in the following . . '~

table which includes the effects of emission from the warm earth.

\

Attenuation Antenna Noise

dB K
12 GHz 0.7 49
2.5 GHz 0.4 28

For precipitation, the system margins required at 12 GHz for various
percentages of any year, are as follows: . .

1
‘

‘000’- ll -

Percent of Time 12 GHz Margin
dB
0.01% 10 '
0.1% 3
1.0% 1.5

No allowance for signal attenuation is necessary at the other frequenciles.
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A (. ‘ Combining the above, the following table gives, for 2.5 and 12 GHz,‘

. the proposed system margins in dB for propagation effects. These
margins are necessary to achieve reliable operation for the indicated

pergentages of any year., The corresponding antenna nolsc .temperatures
in 'K are also indicated. ~

12 GHz | 2.5 GHz
Marein dB Noise Temp ox Margin dB | Noise Temp °r
199.99% | 10.7 . .270 0.4 | .30 |
99.9% 3.7 ‘170 0.4 ‘30,
997 2.2 120, 0.4 30
E

, At 800 MHz, the effects of atmospheric gases and condensed water can
‘be neglected but cosmic background radiation will contribute a maximum
of 40°K to the antenna noice temperature for an antenna directed toward the L
. galactic centre. It will. also be necessary to consider at this frequency =~ . - ...

and at 2.5 GHz the effects of solar noise and of man-made noise, as o : \
: . indicated above, and of Faraday rotation if antennas of other than circular . ' °~ = =
. (’ ~+ | polarization are used. ' ' | o S S e

!
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'ATMOSPHERIC' FADING NARGINS FOR UHF AND SHF
. SATELLITE BROADCASTING SYSTEMS

oy '
L.A. Magnand and. K{SoMchnmLck‘

1. INTRODUCTION

‘ Conslderallon is being glven to The*po+en+lal use of UHF'
and SHF Salelll+e Communlcaflons and broadcasTlng o provude serv:ce
to the Lanadlan Nor+h. In this regton, low. elevaflon angles mus+
be employed by ground +erm|nals opera+lng fn syslems employlng ‘24
hour aynchronous satellites. At these low angles of . elevaflon, the. -
effects of +rop05pherlc and ionospheric. sca++erlng become pronounced.
An addlluonal system margin must be provlded to- allow for +he amplllude B
fading which results from these sca++er|ng phenomena. C '

This repor+ discusses results derlved Ffrom several experlmen+al
rograms undertaken over the last several years ln both- Canada and the:
u.sS. A., and. have emp |loyed salelll+e sys+ems over a broad frequency range "
~ from 136 to abou+ 7300. MHz.l'j‘: ’ ‘

‘ Flgure 8 shows a norlh polar vlew~of +he ear+h. Superlmposed
on this view are +he eleva+ion angle conlours from a geoslallonary
'salelllle with a sub—orbnTal longllude of 90 The coverage zone in-
cluded in the 0 to 15 degree eleva+|on angle ln+erval ls of obv:ous
importance to Canada._ Th|s same reglon ls, of course, a reglon +ha+ ’
is most subJec+ o lonosphernc dlslurbances whlch affec+ +he Iower | _
portion of the range of frequencles whlch may be used tn ea+ell|le': Ca

communlcallons syslemsr

2.".ATMOSPHERIC”EFFECTS ON'PRObAGATION'

When radio. waves propaga+e through- +he ear+h's almosphere from
Asalelllle to the ground,.ln*erac+lon can occur n’ two reglons ‘ +hese4i
are the ionosphere, and’ +he Troposphere. Thls ln+erac+ion, ln +urn, can
be dlylded |nfo_+hree oafegorres. These are- (l) regular refrac+|on :
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whlch gives. rise to smooth bending of’ The radio waves paSS|ng Through

the region; (2) irregular refraction resulflng in ampllTude flucTua+|ons -

of The rece|ved sugnals, and (3) a++enua+lon of the slgnals.

 Regular refraction results from a smooth varié+ion:wifh:hefgh+
of the refracfive index in the atmosphere.. This ray bending.iS'a1mos+
always observed and generally- resuITs in an. exfen5|on of The radlo .
horizon and an aSSOC|aTed increase in The coverage reglon of an earTh

eaTeillTe

lrregular refrachon, often assoc13+ed W|Th Turbulence in. the
aTmosphere, resulTs in signal fadlng and is of prlmary concern in Thls

_paper

The degree.énd type of»inTerec+ton-wffh The hediun_deoendé'on -
_ frequency,_ At frequencies bejow a feW-hnndred MHz, irreguTar:sfrucTure
in'The”Troposphere has negligible effect, whileifrregurérfrfes in the
ionosphere have pronounced effects. However, in the SHF- range, The
converse is true, In that ionospheric effecTs can be v1r+ua||y |gnored

- whlle TropOSpherlc effecTs, parTlcuIarIy at Iow elevaTIon angles, become."

pronounced
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STGNAL FADING MEASUREMENTS
3.7 Introduction

Canad fan measuremenfs of fading S|gnals recelved from
synchronous or near synchronous sa+e|ll+es have covered The ,
frequency range between’ 136 MHZ.and 7300 MHz SaTeIIl+es employed
in this program over the past three yeéfs_haVe lncludedAThe.LES 5,
the LES-6, the ATS-5, the DCSP Phase-| series, and the TACSATCOM-I
satellite. The measurements have been made over a wide ﬁahge‘bf
!a+i+udes_vérying-from Ottawa, (latitude 45°) up to ResbluTe_Bay,'
N.W.T. (latitude 74%) and Include experimental measurements at

Churchill, Man., located near the visual,aukora! zone max imum.

A+ frequenc:es below about !500 MHz, as'. pounTed ou+ pre-
v10usly, The jonosphere is the main cause of sngnal fadrng while
above this frequency,’ SIgnaI fadlng is mainly due to TrOpospherlc
lrregularlfles The frequency range below ISOO MHz WI|| be d|scussed
first. : : »

3. 2 Frequencies Below. 1500 MHz

Flgure 2 shows the geographlc disTrlbu+|on of regions
.associated with |onospher|c fadlng at 250 MHz. The in+ensn+y of the
}lonospher|c~fad|ng is related to the geomagnefyc latitude of the
region under consideration. This figure shows the region nor+h of
about 65 |nvar|an+ latitude as a region Tha+ is subJec+ To a Iarge.
amount of |onospher|c fading in The VHF/UHF frequenCy range South .-
of this area is a region that is termed fransitional and_JT is here
that fonospheric fading of a sporadic nature may occurt‘ In addition .
to these polar regjone-of intense fonospheric fading there is a
second regfonlﬁear the equator where The bhobabilify of ionespheric
fading increases again. .Much of +he daTa publlshed +o the presen+
V'Tlme has been .confined to the: reg:ons of low amp!uTude ionospherlc
fading or to the tfransitional reg|on shown. here. ThIS publlshed
data, in general, lnd|ca+es generally Thaf sys+em deS|gners frequenle
speC|fy inadequate’ margln aIIowances for commun|ca+|on sysTems used

in the polar regions.



3. 3 Aurora1 Effects

AT has been: generally assumed that auroral ac+|v1+y
‘should have a slgntfrcan+ effect on slgnals in +he VHF and UHF
: range Par+ of the exper|men+al program at Churchlll lncluded
-an afTempT To deduce such’ effecTs on the fading ampll+udes of.
.s:gnals at These latitudes. Signal fadlng measuremenTs using
the LES-6 satellite were underTaken during periods in which

~ visual auroral ac+|Vt+y was observed at Churchill. “The - resuITs

- of. many measurements of the peak-to-peak fading ampl|+ude as

a func+|on of Vvisual aurora ac+|vi+y indicated that there . is
lit+le or ro direct . relaflonshlp between hlgh fading" ampIITude

and the presence of visual aurora on The;Transmlssyon paTh.

3. 4 Frequenc1es above 1500 MHz

At frequencues In excess of . IOOO to 2000 MHz, The re-
.frac+|ve index of +he- |onosphere rapldly approaches un|+y and the
|nhomogeneous ionospheric s+ruc+ures that affec+ propaga+|on at
Tower frequencxes become essen+|a|ly +ransparen+.~ In. the upper
SHF reglon, however, +he effecTs of the +roposphere become more
and more. pronounced, par+|cularly at low elevation angles., In
addlrlon fo this, absorption mechanisms assoclaTed with oxygen

and water vapour becomes more slgnlfican+

» Flg 3 shows a slgnal ampInTude record|ng of the beacon
slgnal recelved from a DCSP 1 satellite over a perlod ‘of abouT fwo -
days The recenved frequency, in Thls case, was near 7300 MHz.
Three phenomena are observed in this slide. " The firsT‘is a decrease _ ‘
in signal level occurrlng at an eIeva+|on angle of about I5 . This — o
‘a+1enua+|on of apprOXImaTely | dB is rela+ed o ralnfall over the . B o d }
_propagation pa+h Secondly, a decrease ln the median Ievel of the | |
signal is noTed as the eIevaTion angle goes beiow 5° - This is a' '
result of The increasing length of the sngnal pa+h Through the
absorblng aTmosphere -at low elevation angles. Flnally, there is a
rapid increase in the fading- ampInTude for elevation angles be low
about. 5° » associated. with +he turbulent s+ruc+ure of +he Troposphere

along The Transmiss|on pa+h
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4. \EQUIRED SYSTEM MARGINS AT HIGH LATITUDES

Marqln requ1remenfs, based on the resulfe of fhese measure-
menfs can be deduced for the frequency range befween 100 and 20,000
-2 +1
MHz. F " and F-

and fropospheric scafferlng respecflVer Figure 4 shows sysfem

frequency dependence - Iaws were assumed for |onospheric

margins required for 99% reluablllfy as a funcflon of bofh frequency
“and geographlc Iafufude | Geographic IaTafudes from 40 to 80° _
considered. An 80° latitude represenfs a I° ‘elevation angle for.a
geostationary satel | Ite located directly south of a groUnd terminal .
‘This'dafa is based on information colfecTed>af several - Iocaf|ons which
include some of the AFCRL results at 136 MHz from Boston and data re-
_corded at Canadlan stations at Ot+tawa, Churchlll and Resolufe Bay. As
stated prevuously, at frequenc1es below. about I500 MHz, the margnns
Shown" are malnly the result of |onospher|c fading. I+ can be seen here
“that at 136 MHz, ‘a margln of approxlmafely 10 dB is requured for a
sysfem operating at 75° Iaf|fude At 40°. latitude and -the same frequency,

~a margin of approxumafely 5 dB is reqU|red for 99% propagaf|on rellabillfy.

At hlgher frequenC|es and in the latitude range befween 40 and. 75 degrees,

the marg|n requ|remenfs are. seen to rise gradually,_approaching some-
~fhing of fhe order of 3 dB af 12 GHz for 75 Iaflfude Thls margin in-.
cludes afmospher|c absorpflon due fo water. ~vapor and oxygen in addition
to the marg|n assocuafed wITh Tropospherlc fadlng The effecfs of ra|n—
falI are not lncluded in These curves buf must be considered ln The

f:nal analysns, parflcularly at frequencles above abouf 8 GHz

At the extreme limits of fhe coverage zone, fhe margin, requ:re—
ments are Iarge From the curve shoWn for 80 lafffude (whlch represenfs
the Iaflfude correspondlng to the I|m|f of coverage normally conSIdered
~ for geostationary satellites), the margln requlremenfs at. SHF are seen_
to increase rapidly with, frequency. In these: very high latitude regnons
it can be seen that optimum frequencies (from a propagaflon polnf of .
view) occur in Fhe 800_- 2000 MHz range. At lower Iafrfudes,,opflmum

 frequencies cover a broad- range from abouf'['fo 5 GHz oF more.

Figure 5 shows a similar sef.of‘curves ploffed*for a 99;9% .
“propagation reliability. . Here, approxlmafely_fhe same ‘conclusions are
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’ ' ‘ reached excep*l that in all cases, The required marglns are con-~
snderably larger For. example, the margins- requlred at 8 GHz . al
80° latitude. approach 12 dB. '

5. ;SUMMARY AND CONCLUSIONS

l. Al low elevallon angles, such as are encoun+ered in lhe hlgh

latitude. reglons of the earth's surface, syslems employlng ‘geo-

‘ slallonary salelllles suffer from lonospherlc and lropospherlc '
fading. This fading necessitates system margin - allowances Thal
become qulle large at the extreme limits- of +he coverage zone.
For 99. 9% propagation rellablllly in the Iower VHF range, - falrly
large marglna (of the order of 12-16 declbels) are requlred._
The requ|red margin decreases rapldly with . lncreaslng frequency

unlll lropospherlc radlng becomes |mpor+an+

20 Vlsual aurora acllVITy appears to have negl|g|ble addlllonal
effecls on slgnal fadlng In the VHF/UHF range.'

. S 3. SHF frequencles reqmre smal ler margins over. a broad range of frequenmes
-from 1000~ 10, OOO ‘MHz for all. la+|+udes excepl at The ex+reme ' '

Ilmlls of lhe coverage.zone where’ elevallon angles fall be low 5, .
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GROUND TERMINAL ANTENNA SYSTEM CONSIDERATIONS
FOR SATELLITE TELEVISION BROADCASTING

by

LA Maynard

INTRODUCTION

In this note, grbunditerminal antennaASystems will be'considered in
‘relation to the three .general categories of satellite television broadcast-
ing. These include (1){sate11ite broadcastihg intended for direct to home
reception, (2) community‘viewing, and (3) commun1ty recept1on and red1s—
tribution. Three frequenqy ranges W111 be cons1dered in this study, name]y
800 MHz, 2500 MHz and 12, 000 MHz '

In each of the three maJor system categor1es cons1dered above, it.
turns out that, to a.first. approx1mat1on, the required effective’ apertdres‘
for any’ of thése services are more or less 1ndependent of frequency In
general, paraboloidal antenna diameters of about 8 to 15 feet for television
recept1on and red1str1but10n 4.to 6 feet to commun1ty viewing and 2 to 4
feet for home recept1on are su1tab1e These represent near opt1mum sizes from
a cost effect1veness po1nt of view for each of these serV1ces

EIRP AND ANTENNA SIZE:CONSIDERATION

A 1arge number of" system ana]yses have been performed for. te1ev1s1on '
broadcast1ng from space " Some of these are" 1nc1uded in- the 11st1ng of re-

~ ferences attached. Informat1on re]at1ng to antenna size der1ved from systems
~ analyses have been summar1zed in Fig. 1. This f1gure shows a, p]ot of the re-.
quired antenna. d1ameter in feet as a funct1on of. the effect1ve rad1ated power
of the satellite. The results are categorized. for- systems with various.
‘weighted signal- to -noise ratios vary1ng from 40. to 50 dB SNR S It can. be seen
here that for an assumed-value of ‘required We19hted s1gna1 to -hoise. rat1o a
Tinear relationship between the 1ogar1thm of the requ1red antenna d1ameter and
the satellite effective radiated power appears. to exist. Th1s.js_nqt surpr1s-



1ng in itself except that it is 1nteresting‘to note that a large number'of:f
different workers appear to ‘come up with remarkably- s1m11ar re1at1onsh1ps
' between antenna d1ameter and satellite EIRP.: T

In th1s paper, antenna system cons1derat1ons w111 be based on the
assumption of a. 41 to 45 dB peak signal. to we1ghted r.m.s. no1se ratio.re-
'qu1rement Antenna systems can be directly scaled up or. down if the f1na1
required signal no1se rat1o differs from th1s

The straight 11ne approx1mat1on for a 4l 45 dec1be1 SNR shown in Fig.
1 can be re1nterpreted in terms of requ1red gain of: the antenna system for the
various frequencies being considered, including the 800,«2500 and.12,000 MHz .
frequency bands. Figdre'z shows a plot: of this required antenna gain and

beamwidth based on a 43 dB we1ghted s1gna to-noise ratio for these three fre-

quencies. This figure. shows a plot of the: requ1red sate111te EIRP as a
function of antenna ga1n in dec1be1s - Three reg1ons are considered here.
Region A includes antennas with gains varying . between 10 and 20 dec1be1s
~Region B includes antenna systems with- ga1ns vary1ng from 20 to 44 dec1be1s,

and Region C ‘includes antennas with gains in excess of 44 dB. The reasons for

“this apparently arbitrary d1v1s1on of antenna ga1n 1nto these three reg1ons
will be discussed further be1ow

ANTENNA DESIGN

Some geneka1'statement5'can'be'made'COncerning the. comparfsontof re-
flector, type. parabo1o1da1 antenna with ‘other antennas used for produc1ng
directive beams At. VHF frequenc1es and above where. directive beams become -
practical, the designer has a choice of many. - types of poss1b1e antennas, in-
c]ud1ng end fire arrays, broads1de arrays, corner ref1ector arrays, var1ous
other slow-wave structure antennas, and- parabo1o1da1 antennas A common type
of end-fire array, the Yagi- antenna, can be des1gned to produce gains_ up to
18 to 20 decibels (Region A of Fig. 2) and-. perhaps a, few dB.more when grouped
in arrays of two or- more units. The Yagi antenna 1tse1f however has a

relatively narrow bandw1dth and, thus, has a somewhat 11m1ted range of app11ca-'v

tion. A view of a c1rcu1ar1y polarized Yag1vantenna_1s shown in Fig. 3.




~3=

Broadside arrays can also be used at UHF-and have the _
potential of producing greater gains than the end-fire arrays but."
achievable gains are generally Timited by the number of e]ements requ1r—~ o
ed to produce gains equivalent to those of reflector type: antenna In
the broads1de array, at lTeast four -array elements must genera11y be -
placed in each square wave]ength of aperture. Thus;" the. number of
elements nequ1red to appnox1mate the pattern of a ref1ector type system
may be of the order of a few thousand at the higher SHF frequenc1es,.
and the.feed system becomes unreasonably: comp1ex. Because of this,
few array type antennas have been used at Qains'greater than about 30.
dB. The helical antenna has s1m11ar capab111t1es to that of the Yagi
and gains up to 20 dec1be1s can Be achieved with 11tt1e d1ff1cu1ty
The he11ca1 antenna has the. advantage of much broader bandw1dth than '
the Yagi, and, from this point of view, when bandw1dth becomes an
important consideration, this antenna system does offer some potent1a1
advantage F1gure 4 shows -a plot of antenna 1ength in wave]engths as .
a funttion of antenna gain in decibels compared to a 1sotrop1c rad1ator.
This curve shows th1s re]at1onsh1p for both Yag1 and he11ca1 antenna
types..  For- gains of the order. of 20 dec1bels 1t can be seen that array
lengths in excess of 6 wave]engths are. requ1red At 800 MHz Yag1 or
he11ca1 ahtenna 1engths approach 8 feet. F1gure 5 shows a typ1ca1
he11ca1 antenna ‘

, Two other potent1a1 contenders for 1ow gain’ antenna systems
include the orner ref]ector and the tr1angu1ar d1po1e or bowt1e antennas
These antennas are 111UStrated in F1gs 6 and 7 .Gains of the order
of 14 decibels are ach1evab1e us1ng re1at1ve1y s1mp1e corner ref1ector o
~antenna des1gns S1m11ar gains can be achleved us1ng bowt1e type
UHF antennas p]aced in front of a ground screen ' E1ther of these are
quite su1tab1e for use 1h the UHF range ‘and indeed, a]ready f1nd w1de
app11cat1on in normal TV UHF broadcast recept1on C1rcu1ar po]ar1zat1on'
is assumed to be a requ1rement here

Thus, the gain‘requirements represented by Region A of Fig: 2, (that
is, antenna gains of the order of 10 to 20 decibels), can be achieved in a
variety of ways and include parabolic antennas with diameters of ‘a few




feet or less, Yagi antennas with lengths ranging from 3 to S_fEEti helical
antennas,'bowtie type antennas, and corner reflectors. Careful economic

-stud1es would have to be made in order to assess the most cost effect1ve

antenna system for this frequency range.

Reg1on B, ‘covering the antenna gains from 20 decibels-to 44 decibe1s,_k: .

generally is a region for which the gain is difficUIt'to_achieye.ustng many
of the antenna system des1gns discussed’ above It is- this region for which

required gains are best achieved by us1ng the convent1ona1 parabolic antennas
- The beamwidth of such antennas employing parabo1o1da1 surfaces varies from

about 15 degrees at the low gain end of the region down to about 1 degree at
the upper end. This range of beamwidths represents an approx1mat1on to the
physical stab111ty that must be achieved by the’ mount1ng Structure of an antenna
system. It is'generally accepted that the range from 1 to 15 degrees can be |
achieved using standard, rather simple phys1ca1 mount1ng procedures Reg1on C -
which represents antenna beamwidths Tess .than one degree is a reg1on that is-
aga1n best met by parabo1o1da1 antenna systems, but is considered separate]y
s1nce physical mount1ng stab111ty becomes an 1mportant consideration for. .
antennas haV1ng these gains. In add1t1on to th1s, of course, 1nsta11at1on and
orbit: stab111ty become a problem when phys1ca1 a11gnment w1th1n a fract1on of
a degree must be ach1eved It can be seen then that broadcast systems w1th :
satellites of re1at1ve1y 1ow EIRP must’ be 1mp1emented w1th caut1on in the '
12, OOO MHz frequency range.. ‘ B ‘ o

COST OF ANTENNA SYSTEMS

Shown in Table 1 is a tabu1ated compar1son of the cost est1mates g1ven»
in two independent NASA reports. One was. produced by the G-.E. Co (5)»and the -
other by the T.R.W. System Group(4) ‘There are also some,resu1ts_neported.by

- other sources.

The G.E. antenna estimates were higher. than the correspond1ng T.R.W.
ones, but the1r converters and detection networks were Tower. As1de from
the G.E. antenna estimates for 2.5. GHz, wh1ch seem comparat1ve1y high, the '
totals for complete rece1ver systems agneed surpr1s1ng1y well. - -




Other independenttreports dealt with the manufaotureeof the recefving
system in under—deve]oped countr1es Due to lower manufacturing and labor

" costs, estimates in th1s area were norma]]y about one half of the correspond- ,

ing G.E. and T. R.W. -estimates.

Parabolic antennas were assumed 1n.a11 cases ‘except one, but no dis-
~ cussion was- g1ven ‘as to the factors affect1ng the cho1ce of antenna type

Following are. a few genera] comments in reference to these tab]es

1. It appears_both»surpr1s1ng‘and unrea}nst1c that;the antenna f
costs shown'are'independent of‘fkeqnency Extreme pheciSion
in manufactur1ng and mounting is requ1red for antenna systems
operat1ng in the 12 GHz band.’

2. The unit-cost of antenna, converter, and detect1on systems
shown, here do. not reflect the actua] delivered and instal-
Ted cost. to: the consumer, Present VHF and UHF terrestr1a1sa

CTLV. rece1v1ng antenna systems often cost up to $1OO 00
or more by the time they are installed. There 1s littie.
doubt that the 1nsta1]at1on of a parabo]a and mount wou]d 4
cost cons1derab1y more than this. This is, of course, '
part1cu1ar1y true in the 12 GHz range, where mount1ng

_ stab111t1es of the. order of a fract1on of a degree are -
<necessary ' L
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O TABLE [

RECEIVELR COSTS

6

(antenna. only, no converter for 10° Production Quantities)

~ ~TTGOST ~TCOST TCOET TRW STSTENS T
FHMbG. | DIA.  ANTERNA. . INSTALLATION  GB TOTAL - GROUP EST. ° - QTHERS: (liefer).
C8HHG 2 % 8. § 26 $ 3b. $e 8500 75 (3)
L . . 10. 53.. | 0. (yagi array):”
6 2. 8o, 104, 78. T
10 63. 200, 263 - 130. %50, in India(1)
15 160. 400, 560. - -
C 2.5 L 2 110. 26, 136. -
| l 130, 4O, 170, - 80, S o
6° 200, 80. 280, - 105, . $504 Brazil (2).
' ‘ e "~ (Duty Free)
10 5,00, 200, 600, . 230,
» 15 900, 1,00, 1300, -
Q.. 110. 26. 136. 163,
L 130, koL 170, 180. -
6 200, g0, 280. 220, -
10 LU0, 2004, 600, - 430,
15 900, 400 1300, —
12.2 Gz 2 110. 26. . 136, 190,
L 130. 40. 170. 210,
6 200, 80. 280, 265,
10 LU, 200, 600, - 710,
15 900, oo, 1300. e




CONVERTER & DETECTION COSTS
‘ ‘ , _ (for 106 Production Units)

NASA — G.E. & IASA - T.R.M.

- FREQY PRLARP __AM. CosT. . . F.M. COST

 MASA - G.E.  NASA - T.R.W. . NASA - G.E. . NASA - T.R.V.

.8 GHE Nome $ o $24.00 - % 9.000 45.00
Preamp - 7.50 26,000 . 9075 47.00

Bavanp 105,00 220,00 10800 . 245.00

2.5 GH&  Nome 7500 24000 - Gu5 45000
CPreamp 825 - 26,00 .. 1050  57.00

o ' Paramp 106,00 - 224,000 0109.00 - 245,00

8.4 & 12,2 GHZ None = - . S o0 g -

Peramp - . 230,00 . 109.00 . 25L.00
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Fig. 3. A chu]ar]y Po]amzed
Yag1 Antenna. -
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SOLID STATE MICROWAVE POWER AMPLIFIERS FOR
BROADCAST SATELLITE TRANSMITTERS,

R.J. ﬁonnycastle and R.G. Aiken

ABSTRACT.

" Three solid-state devices, the bipolar tr?nsistor, the varactor
diode éﬁgnthe impatt (avalanche) diode are discussed in terms of available
output power, efficiency and power gain, over the frequency range from UHF
‘to Ku Band. The appligability of these devices in solid-étate amplifiers
for high power broadcast satellite trénsmitteré i1s then assessed, for a
spacecraft launch date of 1977. It is concluded that the solid-state
transmitter is a viable contender for both FM and AM/VSB systems at

800 MHz and for FM at 2.5 GHz,

1. INTRODUCTION

As a guideline for this paper a spacecraft launch date for 1977 or
later has been chosen. This means that only those hqrdware concepts
already proven experimentally, or currently being tested as part of a high
priority programme, need be considered. This paper considers only solid
state devices and their application in broadcast satellite transmitters.
Two Further papers currently being preéaréd will consider "Miérowavé Tube
Power Amplifiers for Broadcast Satellite Transmitters" and "Powerl

Conditioning Requirements for High Power Broadcast Satellite Transmitters".




2, BIPOLAR TRANSISTORS

For transistors the available output power, the collector efficiency

and the power gain per device, decrease as the frequency increases, with a
very sharp drop in available output power at 3 GHz. See figures 1,2,3.'

Typical values are given in Table 1.

TABLE 1

PARAMETERS FOR BIPOLAR TRANSISTORS

CLASS C
FREQUENCY POWER OUT POWER GAIN COLLECTOR EFFICIENCY
GHz Watts db %
1 20 » 10 60
_ 10 7 | 40
3 5 5 30

-
-

There are ultimate theoretical limitations to the power available
per device as a function of’fbequency, (See reference 1), but the tofal
output power of a solid state transmitter can be made arbifrarily large by
combining the outputs of individual amplifiers with special coupling and
isolating networks. For example a 1 kW amplifier with 33 db of power gain
at 400 MHz has been built uéing 90 transistors with ratings of 16 watts
per device (reference 2). A second example - that used in the 120 watt

250 MHz UHF Transmitter of LES6 uses an "overdriven Class BY mode of
. - )

/

operation as an alternative to Class C (references 3 and 4). In this
example the transmitted RF power is maximized by:
(a) directly matching the final amplifiers to a solar cell
array thereby obviating the need for régulators and DC

converters, and




(b)' using the "overdriven Class B¥ mode of operation which
’ has a load impedance looking like a short circiit to all
even harmonics of the fundamental. This "optimum power'
case theoretically achieves 1.46 times the conventional
Class B value of output power, with 88 percent collector
efficiency and ﬁas the added advantagéAfor FM systems in
that the output power aﬁd collector efficiency are
essentially constant over a predetermined range of drive

level.

At the higher frequencies viz S. Band, where the device gain is
loﬁ, losses in the coupling devices. can reduce the overall transmitter
gain drastically, However microwave power transistors héve been
improving very rapidly duripg‘the past year so improvements are to be

. expected.

Heat transfer and removal with solid state does not appear to be

-
-

a major obstacle. The use of many small amplifiers instead of one large
one, allows a relatively large area to be utilized. The supply voltage
requirec.’is normally limited to about 30 volts by;the device collector

thickness, and hence V thus avoiding many high voltage breakdown

ch?
problems. However at the higher powers especially above 500 watts, higher
supply voltages may be needed to keep the su@ply current and hence I2R

loss to a reasonable value.

3. VARACTOR DIODES (MULTIPLIERS)

Sfrictly, the varactor multiplier circuit cannot be classified
as a power amplifier, since it does mnot have positive power gain and can

only produce frequency multiplication. In addition, by‘viftue of the




multiplication process, it cannot be used for processing amplitude

. modulated signals such as AM/VSB, TV. i.e. its usefulness is s“t:’ridtly

limited to FM transmission.
In, general, power output and efficiency drop as output frequency
and multiplication ratio ave increased (see figures 1 and 2). Typical

values for 3X frequency multiplication are given in Table 2.

TABLE 2

PARAMETERS FOR VARACTOR MULTIPLIERS

Output. Frequency . Power Output Conversion Efficienc

GHz Vatts _ % '
| | 1 : 40 | 65
" | 2 : 25 | 65
® b BT T 55
8 ' . L : 50
10 ) 3 | 50
12 1.5 50

For transmitter output: frequencies above 3 GHz varactor multipliers
could be used in the final stages, driven by transistor amplifiers operafiﬂg
at lower frequencies. The outﬁuté of varactor multipliers can be combined

in a similar way to transistor amplifiers.




l

4, TIMPATT (AVALANCHE) DIODES

These diodes can be used as negative resistance amplifiers, but o

their efficiency is very low, typically 5% or less with a theoretical

- efficiency of about 25%. See Table 3 and figures 1 and 2,

TABLE 3

PARAMETERS FOR IMPATT (AVALANCHE) DIODES

FREQUENCY . POWER OUTPUT t EFFICIENCY

GHz Watts - %

2.8 ~ 1.2 - 5.0
. : 1.2 5.0
5.0 ‘ 1.0 B 4.0
10.0 ‘ 1.0 . o 5.0
12,5 05 . 4.5
15 “. 0. ) 5.0
18 0.25 4.5
25 0.1 ‘ 2,5

4o ' 0.05 _ 1.0

x
]
|
|
|
l

A different mode of operatlon of impatt diodes, called the "hlgh
efficiency" mode. is capable of efficiencies in the order of 50% but E
requires special circuits with multiple resonators and is only imperfectly

understood at present.

5. APPLICATION OF SOLID STATE AMPLIFIERS IN BROADCAST SATELLITE TRANSMITTERS

/

In the Telev131on Broadcast Satelllte Studles prepared for
NASA-LEWIS, solid state transmitters are not mentioned in the TRW Study
(reference 5) and only briefly in the GE Study'(réference 6). What follows

is essentially a summary of paragraphs 5.2.3 and 5.2.4 of the GE<Sfudy.




i

. Two frequencies only were considered viz UHF (800 MHz) aind S-B.and
V(2.5 GHz) with a range of ﬁower outputs from 200 watts to 20 kw.§ The RF
‘sections of all transmitters were assuméd to be based oﬁ standafé modules 1: 
' confaining 4 transistors per stage. This corresponds to a power gain of
4 per stage (i.e. 6 db) since each module is capable df driving 4 more.

The individual module output powers for the frequehcy/circuit combinations

are:

UHF (800 MHz) . S Band (2.5 GHz)
Class B 119 Watts " 47 Watts
Class C : 159 Watts . 59 Watts

Efficiency is not greatly influenced by modﬁle size and circuit

‘ bandwidth is greater than required. 10 MHz AM video, and 36 MHz FM wi1;h .
Class C operation can be accoméﬁaated without difficulty. ‘

The efficiency, weight and cost versus power curves of figures

4, 5 and 6 are based on the standard moduleg, and include the effects of f |

power combiners. In Figufe 4 the peak sync powers-for the'solid-state zvf, o 'Qi

AM transmitter have to be.converted to average in order to permit the R

power conditioner to be sized., Thus the 35% efficiency transmitter may ,:v S
- provide only about 20% average efficiency for Class B operation. >This N o o

highlights the basic probiem with high power solid-state transmitters viz |
the transistorsused have low gain and only moderatg‘efficiency so that afi
large .number are required for the dfiver as well és-the-fiﬁa; stages, |
with a iarge consequent loss in co@bining networkg." o

. | |
\
’

e
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The transmitter weights shown in Figure 5 are the sum of:

(d) module weights

(b) power combiner weights

(c) a 25% additional factor to cover supporting structures.
This covers all meéhanical requiremepts for mounting
transmitter components in cabinets, available for mounting
in the spacecraft. Weights with and without power
combiners are shown, the latter being representative of
transmitters driving array-type antennas having one

antenna element per transistor.

Costs are shown in U.S. dollars in Figure 6. Engineering costs

taper off at high power (see Figure 6) on the assumption that the

transmitter engineering model will not use more than about 10 engineering

modules. Above about 1 kW when more than 10 modules are required, the
additional units taken will be fabricated production modules, charged to
fabrication costs.

The power combiners are wave guide devices (or other transmission
line types at lower powers) for combining identical sigﬁals‘from more than
one source. Figure 7 shows ‘the estimated nominal insertion loss of these
networks versus the number of ports to be summed. ' For the various fypes
of power, combiners considered, weight (Figuré 8) and cost (Figures 9 and 10)
become excessive for large numbers of ports and lower frequenciesf Hencé
if a large number of ports should be required, it appears preferable at

UHF to consider leaky-guide types rather than the hybrids used here for -

power dividing.

/




" 6. CONCLUSIONS
| Consistent with a 1977 spacecraft’launch, using hardware concepts . -
already proven experimentally or currently being tested as part .of aAhigh i;

priority pﬁbgraﬁme, ‘the authors have dirawn the follOWing conclusions:.,j<f;?“

(a) Solid state power amplifiérs will not be available
at 12 GHz for AM/VSB operatién |
| (b) Yor 12 GHz FM varactor diodes will be available but their;iif?f-
power output and efficiency; pemembering that they must ﬁ
~ be driven by high powervtransistor staées at sub-harmonic ‘£f} .fa
frequency, are such that they will be completely 3 k
uncompetitive.with microwave‘tubes' Sl 'né! i
~(c¢) For 2.5 GHz AM/VSB - one must use bipolar transistors{."‘
in their Class 5 linear mode. ‘However as sgcﬁ”" P M
" transmitter average‘efficiencies willjonly be of the
order of 20%. This again can be betteréd by microwave - °

tubes, e.g. the klystron, TWT or CFA. ' . f{:f3='
/ . R
(d)/ For 2.5 GHz FM we can use bipolar transistors in g

; Class C .or overdriven Class B to gain a very useful

increase in efficiency - provided multicarrier, single - i

. channel, operation'issnot‘required. ‘SOIid-staté‘must”ﬁ*_f;;&?v’?

" now be considered a viabié contender, - | B

| “_(e),‘At UHF. - 800 MHz solid state must be considered é_ ._3’ {'§ka
~ contender for both AM.aﬁd FM’as the P°ﬁer adnditibniﬁé;?-\~?’
:f rQQuirements are muéh 1§§s severe thén for'miérowévé .

" tubes or gridded triodes., These conclusions ave = .

. " ‘ o presented .,in"Tabl_e >l_+.__ o




 AM/VSB-  YES

TABLE U4

EXPECTED AVAILABILITY OF SPACE QUALIFIED HIGH POWER
SOLID STATE TRANSMITTERS IN 1977

800 MHz 2.5 GHz

12 GHz

Fi YES . YES¥ | ' NO
N0 .o

% Not Single Channel Multicarrier Operation .

i
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APPENDIX 6

it UPLINK CONSIDERATIONS IN THE DESIGN ..
| ~-QE ' :
SATELLITE BROADCASTING SYSTEMS




Introduction

UPLINK CONSIDERATIONS
IN THE DESIGN OF
SATELLITE BROADCASTING SYSTEMS

This report presents considerations in the design of

the uplinks for satellite broadcasting systems operating at

frequencies of 0.8, 2.5 and 12 GHz from satellite to ground. It

is based on the following assumptions:

@)

(b)

(@)

(e)

(£

‘I' (g)

For downlink frequencies of 0;8 and 2.5 Gszthe
uplink will operate in the 6 GHz band.
For'downlihk frequencies in fhe 12 GHz band the
uplink will operate at 18 GHz.

The satellite will be maintained -in position

“in the synchronous orbit to-within # 0,1° in

longitude and inclination.

ﬁach channel will operate in a bandwidth approx-
imately 22 MHz wide with guard bands of approx-
imately 10 per cent giving a -spacing between
channels of 25 MHz.

The method of transmission will use frequency
modulation. |

The system will only be used for the transmission
of television so all carriers in the up—patﬁ will
havé equal amplitude.

The receiving antenna on the satellite will cover
Canadian territory so transmissions can entef the

satellite from any location in Canada.



General Considerations
An earth station to provide the up-path link in a

satellite broadcasting system will consist of the following items:

antenna sub-system;
transmit sub-system;

high power amplifier sub-system.
It may also include the following:

low noise amplifier sub-system;
Treceiver sub-system;

tracking sub-system.

The number of transmitter chains and high power amplifiers will
depend on the number of broadcast channels in the'system. The low
noise amplifier and the recéiver chains may be included if it is
considered neceSséry to monitor the transmission from the satellite.
The tracking sub-system may be required if it is decided to use an
antenna with a gain high enough to permit fhe use of low poweredi
transmitters, and which has a beamwidth sufficientlyvnarrow that
the satellite will not be illuminated while it moves within its
prescribed limitations in the synchronous orbit unless the antenna

is operated in an auto-tracking mode.

Technical Considerations

In the case of a communication satellite limited exclusively
to a number of individual RF channels each carrying one television
transmission there is no intermodulation developed in the output to

the satellite, and the total carrier noise in the system is the sum




of the carrier noise in the up-path and the down-path. The only
problém is to eﬁsure the up-path carrier to noise does not seriously
degrade the down-path carrier to noise. It is possible, therefore,

to adjust the total gain in the satellite to miﬁimize up-path illumina-
tion subject to the generéfion of intermodulation and degrédation of
the overall carrier to noise ratio. This would be much more difficult
and complicated if the system were héndling simultaneously a large
number of carriers to various amplitudes.

In the case of satellites broadcasting in the 0.8 GHz
or the 2.5 GHz bands where it has been assuméd that the uplink will |
be in the 6 GHz band, the design can follow that already in ﬁse in
existing communication satellites. These Systems operate with a
widéband receiver which is capable of simultaneously amplifying all
the signals at the input, converting them to the down-path frequency
and amplifyihg them again before passing them to a diplexer which
separates out the various chamnels for individual amplification in
a high powered travelling wave tube. The wideband front end is
designed so that it contributes essentially no intermodulation into
the system. The front end of the satellite will have a %—Qf about-
-7 db. .

These systems operate with a single carrier saturating
flux density in the order of -80 dbw/meter squaréd'when equipped
with a receiving antenna which just covers Canadian territory. This
could be increased to -85 dbw/meter squared without running the risk
of increasing the intermodulafion in fhe front end. An illumination
of -85 dbw/meter squared would be provided at the satellite from the
EIRP at the ground station of +78.3 dbw for all elevation angles

above 5° at the ground station.




A fixed ground'station antemnna which haé a beamwidth
of 0.5° in order to continuously illuminate a satellite which is
maintained with 0.1° in longitude and inclination, will have a
gain of 51 db at 75 per cent efficiency and a diameter of approk-
imately 23 feet. With an antemna gain of 51 db it would require
a power of 27.3 dbw to produce an EIRP of 78.3 dbw. .This is about
540 watts and is well within the state-of-the-art at the present
time. |

This would be a recoﬁmended first approach to.thé
problem. There would be a pofential increase in intermodulatiﬁn :
and a potential reductionAin the anticipated life of the satellite
if another stage of amplification were added-in-the wideBand front’
end. The potential reduction in life time ches'about thfough'
the introduction of additional components in the amplification
chain.

If a system wefe to be produced with an extremely large .
number of broadcast channels then it mighit be more economical to
produce an earth station with a larger antemna with resulting
higher gains and narrower beam fitted with automatic tracking so
it would continuously follow the satellite énd thenvuse lower
powéred transmitters to produce the necessary EIRP per channel.

The costs of the various components of earth stations

are contained in Table 1 and Table 2.




Based on the information in Tables 1 and 2 fhe cost of

an earth station as described would be as follows:

LIMITED MOTION NO AUTOTRACK

25 foot Antenna (Installed) § 51,000

System Installation 52,000
Program Management _ _ 52,000
Power 20,000
Building 50,000
Site Survey ' - 10,000
Site Improvement 10,000
- Water and Sewage 10,000
Spare Parts 52,000
Basic Cost . $ 307,000
Add per transmit channel - $ 90,000

In U.S. dollars purchaséd in U,S.A.



In the case of a satellite operating in the 12 GHz band,
with up-path transmission at 18 GHz there are a number of problems which
would appear to increase the cost of the up-path links.

Packaged tunnel diode amplifiers exist with a noise figure
of 8 db at 18 GHz, compared'to db at 6 GHz. There will be a slight
increase in the thermal noise in the satellite and a large redu;tion in
the gain of the satellite antenna relative to a square meter —_approximately
9 db. If the system were designed for a carrier {6 noise ratio on the
down path of 13 db a carrier to noise ratio‘on the up-path of 19 db would
degrade the overall system carrier to noise by an additional 1 db and
this is as far as one should go. This would require an up-path single
carrier saturation flux density of -80 dbw/meterz.

“An antenna with a 0.5° beamwidth at 18 GHz will have'a‘
diameter of 7.5 feet and a gain of 51 db. With this size of antemna the
requirements would be for each transmit chain to be equipped with a high
- powered transmitter of about 3,000 watts. The alternative again would
be to construct a larger antenna with a higher gain aﬁd equip the statidn
as an auto-tracking facility which would permit the use of smaller trans-
mitters.

There are commercially available water cooled klystrons which -
are capable of this amount of power output, however, the transmitter
becomes very expensive because of the high power, the large powér supplies
and the water cooling. Two estimates follow,.one for an antenna in the |
order of 7.5 feet which would be fixed with high power transmitters and
one for an antenna in the order of 25 feet with auto-tracking capability
and would require transmitters with output powers of apprqximatély 300 watts.
There are commercially available water cooled travelling wave tubes which.

have this capability.




. Table 3 contains some costs of fixed antennas of various

sizes with capability of operating at 18 GHz.



ITEM

OPERATION AT 18 GHz LIMITED MOTION

7.5 Feet.Pixed

25 Feet Auto-Track

Antenna (Installed) $ 9,650 $ 391,000
System Installation | _:31,000 81,000
Program Management »31,000 81,006'
Power 70,000 33,000

. Building 50,000 50,000
Site Survey 10,000 10,000
Site Improvement 10,000 10,000
Water and Sewage 10,000 10,000-'
Spare Parts 10,000 60,000
Basic Cost 231,650 726,00Q

" TV Transmit Chain 30,000 30,000
High Power Amplifier _ o

plus Spares 180,000 80,000

Add per TV Transmit Chain 210,000 110,000

A1l prices U.S. dollars purchased in U.S.A.




TABLE 1

COST OF EARTH STATION ITEMS WHICH VARY WITH

ANTENNA SIZE IN THOUSANDS OF DOLLARS
4 and 6 GHz Operation
U.S. Prices Delivered in U.S.A.

TTEM | | LIMITED MOTION WITH AUTOTRACK LIMITED MOTION - NO AUTOTRACK

Antenna Diameter (Feet) 85 60 | 42 30 50 | 25 | 16
Installed Costs | 825 520 385 368 | 66 51 33.5
System Installation and Test R 113 91 82 81., SR 52 | 52 38

- Program Management ' 113 o1 82 81- A 52 52 38
Electric Power a2 |36 34 33 R 20 | 20 | 18
Building | 100 100 | 100 | 100 50 50 | 50
Site Survey . | 25 25 | 25 25 ‘10 | 10 10
' Site Improvements | 25 25 | 25 25 | S0 10 10
Water and Sewage = 25 25 25 25 S | w0 | 10
Spare Parts a3 | a1 | sz 81 | sz | s2 | 38




TABLE 11

COST OF EARTH STATION ITEMS
WHICH DO NOT VARY SIGNIFICANTLY
WITH EARTH STATION SIZE

ITEM - 6 Gc or 4 Gc OPERATION COST
' ' ' US Prices Delivered in USA

Low Noise Amplifier Cooled -

Temp. 20°K ~$ 180,000
Low Noise Amplifier Unco&led - .

Temp. 160°K $ 32,000
Tunnel Diode Amplifier

Temp. 530°K $ 7,000
High Power Amplifier 30W $ 14,000 :
High Power Amplifier 800W $ 70,000 | - ,i
TV Receive Chain (Single) $ 20,000
TV Transmit Chain (Single) $ 20,000

97 Foot Fully Steerable Antenna
with Tracking System (Installed) $ 1,200,000




TABLE 3

Cost of antennas for operation at 18 GHz.

Canadian Dollars delivered in Canada.

Fixed antennas adjustable 5 degrees in aximuth

and elevation. -

Manufactured prices - not installed.

Size Coét
® | 15 ft. ~$ 10,200
12 ft. - $ 7,800
10 ft. $ 6,600
8 ft. $ 6,150
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TELEMETRY AND COMMAND CONSIDERATIONS
IN THE DESIGN OF

SATELLITE BROADCASTING SYSTEMS

Introduction

This report presents considerations in the design of the

tracking, telemetry, coritrol and monitoring system required tos

(a) establish and maintain a satellite in the synchronous
orbit to within + 0.1 degrees in longitﬁde and
inclination.

(b) provide the housekeeping services necessary to

guarantee the life of the satellite. .

(¢) monitor the system operation in order to ensure

»satisfactory overall system perfornance.

Tracking Data Requirement

There does not appear to be at the preSent‘time any_practical
experience in maintainihg a synchronous satellite in pogition in the synchronous
orbit to within + 0.1 degrées in longitude and inclination..'With exiéting
cqmmunication.sateliites it has been found that the accuracy of the tfacking
data is approximately 1/20th of the beamwidth of the tracking antenna. It
‘has also been found thét there is a large incremental error introduced each
time the tracking antenna 1s switched to another satellite and then‘returhed 
to the satellite under consideration. .This incremental error can be as
high as 0.1 degrees for an anﬁenna with a beamwidth of 0.l degrees. This
large incremental error would make it very difficult to maintain a syncﬁronoﬁs

satellite to within 140.1‘degrees wnless either the trécking station operates



continually with one satéllite, or the tracking data from the telemetry and
command station is suppleme;ited by tracking data from other 'antennas in the
system which are operating in the.auto 'b_racld_ng mode, In this report it is
aSsmned that a single tracking antenna will be used on a contintzous basis
totipr'ovide tracking, telemetry, command and monitoring services for (‘)neq
satellite. Tracking data accuraﬁe to + .02 degrees and ranging data
accurate to 0.05 miles is expected to permit maintenance of a satellite
location in the synchronous orbit to within + 0.1 degree in both longitude

and inelination.

Equipment Reguired

A tracking, telemetry, command and monitoring station will

consist of the following:

(a) antenna sub-system;
(b) low noise amplifier sub-system;
(e) receiver sub-system;
(@) transmitter sub=-system;
(2) tracking sub-system;
) (£) ranging sub=system;
(g) telemetyy sube-sysiem;
(h) command sub=system;
(1) time base generator sube-systems

(§) data transfer subesystenm.



Technlcal Characteristics

In addition to providing tracking, telemetry, cqmmand and
monitoring services when the satellite is lecated in the synchrohbua orblt
}the station mist be capable of providing simultaneous tracking, telemetry |

and command functions during launch and orbit injectlion.

Antenna Subesystem

The antenna.should be fully steerable with rabes compatible
. with satellite launch and orbit injection requirements. The beamridth
should be not more than O.L degrees. The elevation traﬁel_should be at
least O to plus 92 degrees and azimuth-fravel should be + 270 degrees.
Tracking and pointing velocity should be variable at fates up to 1 degree
per secoﬁd. Tracking and pointing accelerétions should-be at least 0.0l |
degree pex seconégat pointing accuracies of 0.04 degrees and trackin
accuracies of 0.02 degrées. The feed system should be capable of covering
the full RF tvansmit and recéive bands with polarization to match the

transmission to and from the satellite.

Low Nolse Amplifier Sub-system

The low noise receiver must be capable of operating over
the frequency band used by the satellite in order to permit not only
receptidn»of the beacon signals but also the information channels, in

oxrder to make it possible to monitor the overall system performance.




Racelver Sub-system

The receiver sub=-system must provide simltaneoous recuptioh
and demodulation of beacon, telemetry and ranging signals from the éaté]lite.
Tt must also be capable of demodulating as required the infomleition ché.'nnels

broadcast from the satelii‘te.

Transmitter Sub-system

The transmitter sub-system must be capable of simul_taneously

transmitting conmand signals and ranging signals at different power levels.

Tracking Sub-system

The jbracking sub~-system must be capable of adquirhi'g and
autqmtically' tracking satellites in both the synchronous and transi‘éf» -
orbit mode. It must also be able to accept pointing data from the data |

transfer sub-system and operate in a program tracking mode.

Ranging Sube-system

Ranging equipment is requiréd to generate multiple range
tones which are transmitted +o the satellite and measure the phase delay
in the recelved tones to determine the distance to the satellite with an

accuracy of at least 0.05 nautical miles.

Telemetry Sub-system

1

This equipment is required to interface the antenna éub-system .

with command signals from the command console.,



Time Base Generator Sub-system

A1l operations associated with tracking data collection

mast be referred to a time base generator located at the station.

Data Transfer Sub=-system

This sub-system accepts tracking, ranging and telemetry
data which i1s then processed into a form suitable for transmission to the
spacecraft contro} centré. It also provides programmed pointing data to
the antenﬁa while the antenna is operating in the pfogram modeo It will
continuously measure and formilate actual azimuth and elevator data for

transmission to the control centre.

Costs

A tracking, telemetry, command and'monitoringistation of

the type described here, for operation with satellite receiving in the

6 GHz band and transmitting in the ly GHz band costs approximately $1,000,000,

The antenna is 42' in diameter giviug a beamwidth of 0.k degrees at L GHz.
For operation at 2.5 GHz a slightly larger antenna would be requirsd with

an increase in cost of approximately $250,000.

For operation with a satellite in the frequency bands of
12 GHz and 18 GHz the antenna on the station would be only about 15! in
diameter. On the other hand the requirements for increased surface accuracy
and the cost of developing parametric amplifiers, high stability local
oscillators for up and down converters and high power transmitters would-
probably usé up any saving from the reductién in the size of the antenna
80 it is considered that a good estimate of the cost of this facility is
still $1,000,000.




3
{
|
[
i

" APPENDIX 8’

SPACECRAFT DESIGN CONCEPTS AND REQUIREMENTS OF
: FUTURE HIGH POWER BROADCAST SATELLITES




';ﬁ’u ;;:; § H':f H,‘:' S e - o -‘15 December,:l970:l A .

R ~ APPENDIX 8

' SPACECRAFT DESIGN CONCEPTS AND REQUIREMENTS OF < .

. HIGH POWER BROADCAST SATELLITES-

JOHN MAR |

COMMUNICATIONS RESEARCH CENTRE

- 1. INTRODUCTION

This papér is a report on spacecraft mechanics and control design
'Alga_considerations for future broadcast satellites. Design concepts and features
: - discussed in the following are considered important, and.in some instances,

:'key technologies which must be achieved in order to meet requirements of

‘ future high power TV broadcast: satellites.

The information presented is in large part based on background research;:lpiT
. and systems design studies carried out by the Space Mechanics Section, CRC

“  : in definlng program obJectives for the proposed DOC/NASA Communlcations

\At;'Technology Satellite project (Ref. 1). The CRC Space Mechanics' delineation -

" of key technology areas is-also confirmed in vapious’publicatiéps)as,for‘_‘ IR

" example Ref. 2. s DT A '
.02, ATTITUDE CONTROL CONCEPTS ;
(a) General Approach . 1

The desirable requirement to avoid the use of a rotary joint between

_the main satellite body or payload platform and the communication antenna or |
| o |
S L
D . »u ,?




between large components of the structure such. as solar cell sails elimin-

" ‘ates the dual spin or tri-spin as eminently useful potential attitude sta-

'[ bilization systems. Dual spin spacecraft have limited application as they

There are three current general methods of controlling a satellite's’

‘are practical only on small, low-powered types of satellites.

‘attitude which should be capable of providing contrpl to 0.1° about .the

three principal axes. These are:

R 4

=

.ii)

© e ddd)

For

. 5

. .ii)

- 4id)

"two reaction wheels plus a low thrust propulsion system for

a system of reaction wheels (ref. 3)

the Commandable Gravity Gradient System, COGGS (ref. 4).

a system of control moment gyros (ref. 3), and possibly coupledt .

with an RF interferometer.

the reaction wheel system there are several possibilities:

three reaction wheels plus a low thrust propulsion system for

momentum dumping

momentum dumping and attitude control about the third axis.

This method supposedly reduces cross coupling between the reac-
tion wheels.

one large reaction wheel along the pitch axis plus a low thrust

system for momentum dumping and attitude control about the roll

The

and yaw axes (RCA Stabilite system).

COGGS employs a 2-axis-gimbaled gravity gradient boom about which  ”;1

 the satellite is torqued for pitch'and roll control. Control of the yaw

‘anglevis accomplished using only momentum wheel control with saturation prev-

'%»_ehted byAthé_orbital rate coupling pf.yaw momentum iqtd the roll axis. The

e




momentum'wheels.about the roll and pitch axes are used only to provide a

Ewi damping torque. It is estimated that ‘the weight of the damping wheels

htvrequired by COGGS would be less than one third of that of the wheels req~ . 3

~uired by a reaction wheel. jet system.
The control moment gyro, CMG, system employs one or two constant

" speed wheels which are gimbaled about one or two axes. Attitude control

A’:'f’is obtained by gimballing the wheels. Momentum dumping would be effected__'
with a thruster system. The CMG system is likely to be a serious contenderf:
ysA:f:if bearings and gimbal designs can be made with a high degree of reliabil-

”.”f;:ity. Although it has the advantage of not needing a yaw sensor (usually

“ga Polaris star trécker), the CMG system does not have the inherent controlf

'leystems accuracy which is achievable in the 3-reaction wheel system..

(b) Control Thrusters

‘The thrusters to be used would probably comprise one of the }l;fAfﬁi o

-xjfff‘following low thrust devices depending on thrust levei;gnd dﬁty'eycle_feq- o

"upui;ed:'
- 1) ammonia or hydrazine resistojets
ii) - cesium contact ion engines
.;iiii) cesium or mercury ion bombardment engine -
'iv) pulsed plasma thrusters -
v) * colloid thrusters |

The low thrust systems described above range in specific impulse

from about 1000 sec to about. 4000 sec, and are suitable for use in maintain- ”""..

ing station.

'?jﬁ%.f




’z'n>3pacecraft to perform the guidance task during transfer from sub-orbit to

A main high-level thrust system must also be incorporated in the
geostationary orbit and placement on station.:

‘to also use the same fuel source for the long term low thrust job provided a

- _NZH“'resistojet engine is chosen.

[ I (c) Station-Keeping

station;keeping manoeuvers will in genefal entail:
;': ‘ i>, an initial removal of E-W drift residual caused by-apoggé motor:.
| ~ or launch booster dispersion. °
:ii) long term periédic reﬁoval of N-S5 and E-W drifts caused‘by the 'ff“
earth's gravitational potential, lunar and solar‘gravitational
. . perturbation, and solar radiation pressure force.

'bkfﬁlf? Use of low thrust devices described previously‘or in combination with =~ ..

g“'passiveAdevices such as steerable adjustable solar sails would be required
to counteract the disturbing forces acting on the spacecraft as just descri-

J?T bed. - .

The calculation of satellife position for station-keeping will be
o  :3_made from measurements of range (150 m), aximuth (0.01°) and elevation (0.01°)y7€;f L

The use of RF monopulse systems or some  form of laser system for range -

When using a hydrazine (N,H,) gas jet system for this, it is possible T.“f}(s“

. measurement appears to provide greatest promise for accurate determination of ' '

 satellite position. To enable the station-keeping manoeuvers to be carried
- iiiout automatically would require a complex of data conditioning and data red-

:-Q uction-faci1ities‘on the ground working in conjuction with softwaye'describing




" ‘the environment. These would typically be dynamics programs on earth grav-.
itational potential (e.g., Tesseral and Zonal harmonicé), lunar and solar
‘.‘forces, etc. Such data and computations would provide continuous accurate . mf;g R

S mathemétical prediction of the orbital elements.

~ (d) Attitude Sensing and Control

The attitude sensing requirements of the satellite will depend on

'”:fvthe method of attitude stabilization and the method of injection of the

satellite into synchronous orbit. If an apogee motor is required for injec~ ‘.

| I~f; tion, then the spacecraft will need to be spinning during the apogee motor - y '"

. burning stage in order to overcome rocket motor thrust misalignment (spin

may not be a requirement for the CMG system, because of its large angular

”’fa_momentum storage capabilities).

To control the attitude of the spacecraft during a short term spin -

1phase and the normal long term or on-station non¥spinning mode will'xequirét »bf;ff;*;'

. the.use of two distinct attitude sensing systems using:

1) ‘For the spinming ﬁhase
K‘- earth horizon sensors of the scanning«cype.: “'”
F- sun Sensors
\ #.11)  For the non-spinning phase
>”~:*;:>Q‘ - earth sphere detectors

- Polaris star sensor for yaw control

‘= sun sensors (required for attitude manoeuvers after injection Rt

. into synchronous orbit and for solar array pointing'éontrol).
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The actual method of control would make use of a digital controiler.
"Y{ A‘digital approach has the very obvious advantages that one controller using__"
"¢ 1_ﬁultip1exing can handlg'the sensing channels of roll, yaw, and pitch, makes
* rate feedback easier to handle, provides long time constant for betégr acc-
" uracy, and has adaptive features such as for command override, easier decod-
“iﬁg, aﬁd is amenable to the utlimate prospects of on-board satellite control o
- “using a small computer on the safellite. Higher reliability may be-achieveaA
;ﬂ3iwith a digital approach than with an analogue. .
‘ 0f a more imﬁediate time frame a programmer or clock for automatic 'A
“ ?1pg;formaﬁce of control functions'should be designed into the spacécraft. A:.z
' pfogrammer could perform repetitive functions such as: .
| i)_ sequencing—reaétion wheel momentum dumping (achieved by, firing
:thrusters about proper axes, possibly as often as once per day).
ii) biasiﬁg star tracker error (constant sine)
.iii) where no N-S control capability ié provi&ed, programmer could
- bias antemna pointing on a daily basis (circularAperiodic) énd'
also bias earth sensor, etc. |
iv) - step or rétate-éolar cell panels to track the sun
v5 control digital sampling for digital controller
vi) initiate earth eclipse mode operations on commencement of eclipse
conditions.

The degree of spacecraft poinﬁing accuracy that is possible to achieve

today is very much dependent on the state of development of sensors. At the. -

; ﬁ present, sensor technology sets the limits on achievable accuracy. When sen~

ﬂﬁ;f'sor noise can. be reduced'significantly_(and there is much’eviden¢e<of good -

'i.“\.k
. U




. tor). At present, the most practical way to achieve yaw sensing is by use

i of a Polaris star tracker. Perhaps future developments in bearing techmology -
yaw. - A T - S . .

3., SPACECRAFT STRUCTURAL DESIGN

- as carbon fiber reinforced plastics will be made to achieve improvements in

' strength to weight ratio.

~graph actuators. Unfortunately, such mechanisms are heavy and do not provide

- progress in that direction), then the spacecraft dynamics such as relative’

- flexing of parts etc. will dictate achievable pointing accuracy.

On the subject of sensors, there appears a real need to develop a

good yaw sensor (the yaw axis referred to here is the satellite to earth vec~-

would make possible a good long‘lifetime‘inertial gyré suitable for:sensing~"‘

In designs of spacecraft structures, use of advanced composités:isuch

) In~£he area of expandable structures, the satellites may requiré
i) roll out solar gell érrays with.a total electrical output of séy—_‘u
'eral kilowatts and up depéﬁding on mission requirements
ii).-lafge unfurléble dish antennas for a UHF band broadéastA

New and improved methods of deploying 1arge'étructures will have to

" be devised. At present, use is made of telescoping, STEM type, and panto-

" the desirable degree of structural stiffness.

Structural flexibilities of large erectable appendages and of antenna

dishes can also cause problems in spacecraft control. To name:a few examples,

"lglarge structures give rise to problems in the followingvareas:;

O
N
A 5‘\!



.i)

lii)

1ii)

iv)

.

vi)

vii)

-

shadowing of control sensor fields of view (e.g. A

star tracker in the case of a solar cell panel

oriented in a N-S direction)

creates optical reflections that interfere with normal

performance of optical sensors and thereby making

necessary the design and use of effective light baffles.

natural low frequency modes excited by thruster firing

or manoeuvres produces low frequency vibrational motion
that are difficult to filter out have to be accounted for

in the design and operation oftthe attitude control

system..

‘problems related to thermal distortion are magnified.

can obstruct the optimum placement of thrusters (e.g.

- considerations of ion engine expellent deposits on solar.

A cell‘panels; shadowing, etc.)

can create electromagnetic.induced'torqués that are

. significant and need to be counteracted with éxpenditurej

of cbntrol fuel..

solar radiation pressure torques are magnified and

' requires greater expenditure of control fuel for main- ..

. taining station and attitude.:

4.. FLEXIBLE SATELLITE ATTITUDE CONTROL

This area of design is a key technology, and has been a subject
 fof CRC research in flexible body dynamics for some years. The folldwing

:v?description of the problem includes some paraphrasing of pertinent -

- ‘statements from ref. 2.
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. The spacecraft structure is made up of three major components:
- . the solar array, antenmna, and spacecraft body. The solar array must be

- constantly oriented to face the sun, and the antenna must always be

pointed towards the Earth. When high power levels are used in conjunction

with large antennas, the available space within the launch shroud must

be shared between spacecraft body, antenna and solar array. Generally,

some strucfural stiffness and mechanical stability may be sacrificed to”-‘;‘

reduce the packaging volume. Since the solar array and antenna may be

.. . the heaviest subsystems, attempts are made to save weight by reducing

the thickness of stfuctural members. Furthermore), whén'deployed; the
solar array may be extended by booms at some distance from thelspacecraft
5»body in order to be sufficiently éléar of the large antenna. The booms
A of the féldable array structure would generally be lightweight and semif 
flexible. -
All of the large .flexible structures have little of their totalj:'
" mass allottéd for structural stiffness becausevnot much stiffness is
ordinarly required in the relatively mild space environment. However,
B wheh a large antenna is rotated relafive to the spacécraft, for example,
©an interaction with the atﬁitude control system can occur which may
f.detfimentélly affect the attitude control pointing accuracy. Projected TV

- broadcast satellite requirements anticipate solar array areas up to 3300

.. square feet and antenna areas up to about 1250 square feet.

Space vehicle motion involves the highly non-linear coupling of

B rigid body motions with flexible spacecraft deflections. Flexible appendages;‘f h

f?sdch as long rods and hinged members which are usually erected in space,

?vexhibit low natural frequencies which may lie within the attitude control - .

u'f;filter bandwidth, resulting in command errors to the attitude controller. =

oL
LN,




=10~

Many studies ha#e been conducted to determine'the effects of
structural flexibility on spin stabilization and cross-producﬁ coupling
‘effects of vehicle parameters. Moet aerospace companies and govefnment
eegencies have expended soﬁe‘level of effort on flexible structure and
ettitude control interaction. The major problems in this technology aree
g are:"“.

i) minimizing the influence on attitude control accuracy.
’.ii)_ application and improvement of current analytical end oom-‘f:
. ‘putational tools to treet this non-linear problem.
._iii)y;study of flexible structure modes of vibration.
~iv)_‘definition of structure to assess problems in solar array
debloyment, antenna beam pointing, beam shaping and
deployment, and in attitude control and station-keeping.

V) condueting verifieation test programs to.confirm theoretical -

predictions (on ground and in spaoe).

Only by adequately developing this technology for high—power
“broadcast satellites can reliable high performance be assured.

A mission goal might be to develop an attitude and station~keeping

capability for highly flexible spacecraft. This task will require that the

L body of the satellite be instrumented with low level accelerometers for.

the measurement of the responses, i.e. deformations of the structure,‘due:‘ .

, to -control torques and external force fields.” These measurements and

those from the solar arrays will be used to aesist in the Qevelopmen; of .
":a tractable mathematical model, convenient for operational‘uee,.of the

- ; satellite‘and force field syetem (including damping from’solar arrays an& L

| “fuel sloshing).
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5. THERMAI. CONTROL

The slow rotation of the satellite relative to the sun of omnce
every 24 hours, and the heat outputs of the high power SHF and_UHF
‘transponders and other high power units will create thermal control problems. .
: The solution to these problems will require the use‘ofyadvénced temperature -
control devices.

Thermal control is necessary to maintain proper performance of
the two main concentrated heat-producing componen;s‘of-the broadcast
satellite; the output transmitter tube (IWT) and its. high-voltage powgr_A.
‘lconditioning subsystem. Thermal control in space: is restriéted by the
fact that heat fransfer can take place only by difect radiation to spéce
or by a combination of.conduction‘and radiation. In an enclosed heat
transfer device such as a heat pipe, convection is also employed; however,
. such a device is used only as a low temperature-drop technique for |
fransferring the heaf’from the source to the radiating surface. At higher
-broadcast frequencies like X-band, additiongl design difficulties arise

because tube electrodes (such as the RF structure and collector segments),

: Li1Which are the pfimary generators of heat, have extremely small areas from

.which the heat must be carried away. In addition there is the probiem of
conduction interface resistanpe° Active fluid loop methods are\unsuitable
dﬁe to excessive weight and poor long life reliability. The use of copper
or aluminum thermal conduction mésses generally requires large voluﬁe and
 weight, both of which are undesirable. Alternate.approaches might involve
tdirect radiation to épace or a suitable heat sink from the high-power tubesv;“

‘or the use of heat pipes.

A
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o The heat pipe is an extremely effective, enclosed, thermal

conducting device which transfers heat by means of vaporization énd con~

1_'Vection. Heat pipes have been demonstrated at temperatures ranging from

~ =200°C to 2000°C. Power densities up to 300 watts/in? are possible with

water as the working fluid. Such heat pipes have been flight proven in
several applications, among which were a short duration experiment with

an Agena booster for the ATS-A, several months in orbit om GEOS/B, and the

) cooling of a TWT in the 1969 Mariner launch. Ground-operated heat pipes.
" have been used in tests over a broad range of temperatures and power

. levels. It is expected that TV broadcast satellite reqﬁirements will-

involve dissipated powers up to 15 kW at a maximum operating temperature of

" about 500°C, with power densities as high as 2 kW/in?. By use of high
thermally conductive materials between the high-power transmitter tube and .
f_ the heat pipe to spread the heat over a large area, such high heat flux

' densities can be reduced 'down to a level within the capability of heat pipe

evaporators.

Current effort consists primarily of thermal design for microwave

tubes. All these tube designs have considered the use of heat pipes as the

primary means of heat transport. Major problems still existing are the

" need for better data on maximum heat pipe evaporator capability, heat pipe-

burnout mechanisms, the electrical interface between tube and heat pipe

- because of extremely high electrical voltages customarily on the tube
electrode or structure being cooled, and the mechanical stresses on the tube‘,__ﬁ'
: due to thermal expansion. Additional effort is therefore necessary in the’

" areas of:

1) Evaporator optimization.

ii) Mechanical alignment of interface between tube and heat , 

\
s
Y
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pipe (potential damage due to installation,‘lauﬁch
vibration, and thermal expansion). | |
iii) * Electrical isolation of high tube potentials.
The mést promising techniqué for the last effort is the use of

' a ceramic section brazed between tube and heat pipe: however, differential

" thermal expansion between materials creates a néw}problem which must first

“be solved. ! A

6. IMPROVED CONTROL FUEL CARRYING CAPACITY

‘The obvious trend to use of ion propulsién, 6r more generally .
"electric propulsion deviceé, for spacecraft pésitioning énd oriéntation is
aimed at increasing control lifetimes in orbi£{3~1n cases needing;conven—
tional gas, considerations qf storing fuel in structural members and even -

 consuming of structural members as fuel need to be investigated.

~ 7. LAUNCH VEHICLES

The future broadcast satellite will undoubtedly weigh in the
vicinity of about 2000 - 3000 lbé. The implication is that launch vehicles
like the Titan III-C Wili become economically coﬁpetitive (cost $16=20
”1wmillion in 1970 dollafs) and will replace smaller vehicles like the Thor-
.1 Délta. Use of the Titan III-C will permit.injection of satelliteé directly
into synchronous orbit without the ﬁeed of an apogee motor and will -
simplify the_complex control systems. Consequéntly, the.full paylo§d.‘

Cﬂpcapacity'of the launch may be utilized for the spaceCraft.itself. ‘

4, L
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< 8, TV_BROADCAST SATELLITE TECHNOLOGY PRIORITIES

A technology priority list encompassing all subsystems is
‘ conveniently summarized in Fig. 23 of ref. 2. The table is reproduced

. below for easy reference.
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| ' SATELLITE

MEDIUM SOLAR ARRAY POWER

LOW SOLAR ARRAY POWER HIGH SOLAR ARRAY POWER
'PRIORITY ~CLASS (1-3 i; MID-1970'5) (3-10 KW; LATE 1970'S) (10-30 Ki; EARLY 1980'S)
CATEGORY e -
P * High Efficiency Mlcrowave High Efficiency Microwave Tube ;| Attitude Control of FlexibIe,f'
FIRST Tube Ground Receiving Systems Structures
* Ground Receiving Systems High Voltage Power Conditioning| High Efficiency Microwave Tube
* High Voltage Power Attitude Control of Flexible Ground Receiving Systems .
Conditioning Structures _ High Voltage Power Condltioning
%* High Efficiency Gridded Tube; Solar Array Deployment Solar Array Deployment
* UHF Transmitter Circuits High Efficiency Gridded Tube High Efficiency Gridded-Tube
UHF Transmitter Circuits UHF Transmitter Circuits
: High Voltage Handling
High Voltage Solar Array
‘Thermal-Transmitter Interface
* Solar Array Deployment High Voltage Handling . Heat Pipes.
SECOND High Voltage Handling. Thermal-Transmitter Interface DC Rotary Joint-
* Thermal-Transmitter Heat Pipes - RF Rotary Joint- :
Interface ' DC Rotary Joint High Power RF Components
* Heat Pipes RF Rotary Joint 2-Axis Solar Array Drive
* DC Rotary Joint High Voltage Solar Array Solar Cell & Array Manufacture ~
RF Rotary Joint High Power RF Components Reflector Antenna Power Handllng
co 2-Axis Solar Array Drive Reflector Antenna Beam Pointing
Reflector Antenna Multi-Beams
Microwave Transmitter Circuits
% High Voltage Solar Array Reflector Antenna Power Mechanlcally Steerable Antenna
f THIRD % High Power RF Components Handling | Array .
§ %* Reflector Antenna Power Reflector Antenna Beam Electronically Steerable
: Handling Pointing Antenna Array
; % Reflector Antenna Beam . Reflector Antenna Multi-Beams '
';j " Pointing . Microwave Transmitter —
§ Reflector Antenna Multi- Circuits .
: Beams - Mechanically Steerable

Microwave Transmitter
Circuits

" Antenna Array

\

A

% NOW IN DEVELOPMENT OR BEING STUDIED
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FM TELEVISION BROADCAST SATELLITES
SYSTEM COSTS

1.0 INTRODUCTION

The purpose of the present study, which was carried out 1arge1y
during the summer of 1970, was to provide a cost analysis forra te]evis1on
broadcasting system using synchronods satellites in order to permit
determination of the relative costs of various systems w1th vary1ng
parameters.

Consideration was given to the frequency range from about 800 MHz
to 12 GHz.

A computer programme was deve]oped modelled on the programme g1ven
in a report prepared by the Stanford Research Institute for the Agency '
for International’ Deve]opment (1). This programme. operates in a
"conversational" mode deriving, from the typed.input values assigned to
various parameters, a cost estimate for any g1ven system } :within-the
constraints of the programme. o | o

The following sections describe the 1nformat1on and 11m1tat1ons -

‘thereto, on which varjous port1ons of the cost1ng programme were“based.n

2.0 EARTH_STATIONS

2. ] Antenna
A number of reports were studied and cons1dered in respect to the1r
predictions of the cost of various antennas re]at1ve to the1r performance

The variation of cost with antenna diameter and frequency, as given in these

reports for quantities of 106, is plotted in f1gure 1. As can be seen,
there are large differences among the many curves based:on data contained
in these reports.  The problem thus becomes: one of dec1d1ng wh1ch set of
curves was the most 11ke1y to be representat1ve of the true costs

The curve as given by SRI (1) was‘regarded.as being Tow and takes no
account of the variation in cost with frequencﬁesri'This,variatfon‘in cost
arises because of the variation in type of construotion‘and'oost of ' -
installation required at the-differentvfreqUencies. At UHF, .a wire_orimesh
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parabola (or Yagi or he]ical.antenna) can be used,whereas, at X-band;
parabo]ic antennas with solid surfaces having much closer tolerances must
be used because of the shorter wavelength.. For-this‘same-reason, it was -
felt that the G.E.'data (3), for which the same curve was used at 2.5,
8.4, and 12.2 GHz, were unreasonable, a spread such as'represented by the
TRW curves (2) being move nearly as expected. While the Jansky and Bailey -
curves (4) did show a variance with frequency, their estimates were
considered to be too Tow when viewed in the light of the more recent TRW
and G.E. reports and other 1nformat1on available. ' . o

Taking all these factors into cons1derat1on, 1t was conc]uded that
the TRW curves constituted perhaps the most realistic set, having the
required frequency variation while still agreeing fa1r1y c1ose1y with the
- G.E. curves at 12 GHz and UHF,

2.2  Recejver:

Various reports were ag1an studied to try to obta1n a rea11st1c
cost estimate for the receiver front end and converter wh1ch accept the
signal p1cked up by the antenna and allow 1t to be app11ed to. ‘the RF terminals
of a standard te1ev1s1on receiver. The prob1em, as- before, was one of .
having as many different values as there were reports =

The receiver considered was compr1sed of a front end and frequency
(if appropr1ate) and modu]at1on converter9 the. bas1c conf1gurat1on
being that shown in Figure 2. ' ' ‘ _
' The cost was expected to vary drast1ca11y w1th receiver noise’ f1gure.
A11 of the reports Showed such a var1at1on with the cost 1ncreas1ng]y very
rapidly for noise figures’ less than approx1mate1y 3-dB. This 1ncrease |
in cost is due to the more soph1st1cated preamp11f1er requ1red to obtain
a lower noise f1gure ~Figure 3; taken from. the Jansky and Bailey (4)
dreport g1ves an 1nd1cat1on of the various types of receivers which are
needed to obtain part1cu1ar noise figures, rang1ng from a re]at1ve1y
1nexpens1ve configuration using a balanced: m1xer w1th matched d1odes to
obtain a noise figure of 9-10 dB, to an expens1Ve cooled paramp to achieve
noise f1gures of less than a half. dB. _ - i

It was also expected as 1n f1gure 3 that rece1ver cost wou]d ‘increase



w1th frequency “Figure ‘4, taken from Jansky and Ba11ey (4), shows the
dependence of noise f1gure on frequency for the var1ous receiver types
considered. .

Once more, it became a prob]em of deciding which pred1ct1ons were
most Tikely to be realistic. The G.E. figures (3) seemed to be inexplicably
Tow when compared with the TRW (2), SRI (1) and Jansky and Bailey (4)

‘reports and were therefore eliminated from further consideration.

The SRI figures (1) appeared to be Jow at higher noise figures ‘and h1gh
at Tower noise figures. ‘They also showed very 1ittle variation in cost
with noise figure at UHF. As well, the SRI (1) report showed no variation

~in cost with frequency above 6 GHz. For these reasons the SRI (1) figures

were also considered not representative. .-
The TRW (2).va1ues appeared fairly realistic as far as they went, but
unfortunate]y the data did not extend to suff1c1ent1y Tow values .of the

‘no1se f1gure and a realistic extrapo]at1on could not be made from the few
‘points given.

. The Jansky and Ba11ey (4) report appears t0 exaggerate the var1at1on
in cost with frequency when compared to the variation given by G.E. (3)
and TRW (2); part1cu1ar1y as this, var1at1on will depend to a large extent
on the advancement of technology ‘within any spec1f1c frequency band. '

It was f1na11y dec1ded to accept for the cost ana1ys1s in th1s

study the funct1ona1 variation g1ven by the Jansky and Ba11ey curves wh1ch

seemed’ not only rea]1st1c but Just1f1ab1e in terms of the various, techn1ques
examined by the authors They went into cons1derab1y more detail than the

eother studies although their data appear to be somewhat dated (1966)

The set of curves used were Jansky and Ba11ey s 2 GHz, 4 GHz and

-6 GHz curves but, due to the exaggerated frequency var1at1on ment1oned above,

these were app11ed at .8 GHz, 2.5 GHz and 12 GHz respect1ve1y to more c]ose]y
coincide with the TRW (2) values. .
"~ Although th1s procedure 1s somewhat arb1trary, 1t was the on]y way-

of arriving at a set of values wh1ch y1e1d curves of the expected shape

and variance w1th frequency as we11 as costs wh1ch seemed to be reasonab]e.
and poss1b1e ‘




3.0 SATELLITE

-The most 1mportant consideration from the- viewpoint of cost in the
design of a'sate11ite_ts the weight and therefore the solar array power.
‘This determines the size of satellite which must'be Tifted using present:
~ boosters, whose cost 1ncreases very rapidly, but d1scont1nuous1y, with -
increasing payload in’ 'synchronous orbit. _

To determine the total 1aunch expense of the space segment, a
detailed parametric analysis of each subsystem which goes into the final
orbiting satellite shou]d be carr1ed out. In this study some consideration
~ was given to a number of the subsystems including. the antenna, power supp]y,
transmitter, attitude contro], thermal control and basic structure. A

The most critical of these is the power supp]y as it contributes .
the greatest proport1on to the satellite we1ght For this reason, and
due to t1me Timitations, it was finally decided that the sate111te we1ght
could be calculated with sufficient accuracy for the present purposes 1rom
‘:the empirical equation (6):

W (kg) = 250 + 110 P

where P 1is the so]ar array power‘in kﬂdwatts° The - we1ght ca]culated in
. this manner is intended to. take into account tne contr1but10ns from all
subsystems While the use of this equat1on may seem arb1trary,.1t g1ves o
results wh1ch are in c1ose agreement with the we1ghts ca]cu]ated from -
detailed exam1nat1on of .a number of part1cu]ar M te]ev1s1on broadcast1ng
systems by General Electric (3) and TRW (4).. _

In calcu]at1ng the cost of the: space segment, use was made of another

empirical equat1on proposed by TRw

C ($10%) = 7.8 PO 405

 This mode] is stated to be reasonably accurate for generaJ"pTanning

purposes for satellites having so]ar.array,powers offbetween‘Z and 20 kw.

As expected, the equation is in close agreement with the detailed calculations
‘carried out by TRW, but gives values somewhat higher than those obtained by




G.E. (3) and less than those in the original SRI program based on space~
craft we1ght . . ’

Due to the critical importance part1cu1ar1y of the 1atter equat1on,
a. closer look at the weights and costs of findividual subsystems might be
warranted. '

4.0 COMPUTER PROGRAMME

A The purpose of the computer programme is to provide a quick method
of performing the Tink calculations for a satellite broadcasting system
which satisfied the given requirements, and determining and minimizing the
~ system cost. ’ | ‘ ’ |
| The programme can be broken down 1nto two bas1c port1ons which comprise |
the earth stat1on segment and the" space segment and the assoc1ated cost ’
determ1nat1on S , ‘

The earth station costs are fixed by: the system requ1rements and
- depend solely on these and the number of stations to be established.
These costs are therefore fixed and cannot .be opt1m1zed

The space. segment costs on the other hand, while f1xed to a certa1n
extent by system requ1rements, vary great]y with the sate111te s1ze and -
number of launches.. Thus by distributing the system requ1rements over more -

than one satellite the space segment cost can often be substant1a11y reduced o

For examp]e, it is more cost effect1ve to use two $20 M boosters from. the
standard inventory, each with a $10 M satellite than it 1s to put a11 the
system requ1rements on one $15 M satellite 1f it requ1res a 1arger
‘standard booster costing $225 M. \

The programme thus takes the number of transponders requ1red and
optimizes the number of 1dent1ca1 satellites which will carry these L
transponders with the most cost effective number of Iaunches i

Section 4.1 shows-a block diagram of the programme; Section 4.2 is
a computer 1isting of the programme; Section 4.3 gives a Tine by 11ne1'
breakdown of the programme; Appendix B is'a'sampTe~run of the prognamme.



4.1 Block Diagram of Computer Programme

4.2 Programme Listing
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Earth Station

Receiver Cost
Antenna Cost

Space Segment

Power per channel
Power per transponder
Weight per transponder
Optimization of number
of satellites and
number of launches

Printout

A1l transponders

on one satellite
Optimum space segment
Option to print out
other configurations
analysed. '
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IF(DFReGT«8500)G3 TR 484
OFRDIF=(DFR=2500)/(8500=2500)

93; G Te 453
94: 454 LFANTS=HFANTS
95: HEANTS21830904841¢984127%D1Aw1 24523001 AuuD4056244484001A%%7
96 DFRDIFa(DFR=3500)/(12000=8500)
1 453 ANTSDIF=HFANTS=FANTS
98; ANTENNASS| FANTSLOFRNIF LANTSOIF s, ol 3 =
T 99: 456 QUANTITYaANTENNVAS/(+85x%(19¢93156856-EXPA))
100: WRITE(521370)QUANTITY
101: 1370 FBRMAT(/5X2 'cHST BF AN ANTENNA RSUGHT IN QUANTITYs $1,F8e1)
102: STADO=RXCBSTHQUANTITY
103: WRITE(5,1390)STADS ;
104: 1390 FBRMAT(/5Xs'cBST BF BONE STATIONe $'2F1002) e ey
105: | TE"Pu((EXP(RxNBISEFIGUREQofingS))-1)&290
106: IF(DFReGT+890)G8 TE 1504 : s
107 WRITE(5,1080) ; 4 ok
108: 1080 FBRMAT(/'SPECIFY RX ENvXRBNMENT'/'TYPE 1 Faa ceuntn¥szos ‘2 FBR SUB
109y 1URRS 3 FBR UrBAN NBISY!) EW 44111}
110 READ(521Q31)NBISE v e e
111 G8 T8(501,502,503)NEISE A I A D £
1127 1031 FBRMAT(I1) £ L Bigipis gy . B8y
113; 501 TEMP=TEMP«S50 e N e
LGRS (G B N e I-] ey SN T R
R soE TR0 T e R e
T 7t 8 ‘_.,un . snpﬁ_loo =
- Tams o Tenve e .. TR
. 119: 1504 WRITE(5.1089)
$20: 1089 FaR“AT(/'SPECI?Y hNTENVA NBISE TEMP IN DEGREES KELVIN')
i 121:  READ(521050)ANTEMP
3823 TEMPsTEMP&ANTEMP i
123; 50% WRITE(5:,1090)
124: 1090 FBRMAT(/'REQUIRED PEAK T8 PEAK/HEIGNTED RMS NBISE RATI® '/'BROADCA
S | PR 137‘aularrv:seoﬁtssﬂilsytﬁ-evaﬁ;svuzxchLzNT') e
126;: READ (52 1050)REQSN
AeT: WRITE(S,1101) ' :
128; 1101 FBRMAT(/'SPECIFY MINIMUM CARRIER/NBISE INCLUDING THRESHBLD MARGIN) DB am s S R
129; 17y
130: READ(541050)CNMIN b
131 WRITE(S21102)
r 132: 1102 FORMAT(/'SPECIFY BASEBAND IN MHZ EeGede2 MH7? FBR A 525 LINE SYSTEM)
Bk 8 (T My
134;

- g vy P

(%

REAQL§L1950)aBAyQ
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PIAT mRANDE~TAL JaqE R
136 w1 TE(S#1103)
137 (103 FeR“AT(/'SFECTIEY WEIGKTING FACTAR AND ALL ®4ANCE FBR RREEVP4ASIS AS
B - 1 1 YOTAL' /'8 e, 1 eP42:.5817e7 FBR B25 LINF +3NACHRIGUE! )
h b ! e phRc 528 LFNE EBESUR Y
| 1’9'7: "‘F_“ (3‘1: Oy LFR =E.
141: vRITE(D21104)
1e2: 1106  FENMAT(/VSPECIFY ALLBWANCE FAR PREPAGATIAN ATTEM{JATIAN (N NR')Y
1473 HEA (B, JOQOYATYIES
Y' 166 FoulaRE Sl s [V FPRFese]
145 PoslE6h
1465 100 PDasPDalel
1e7: FMiDe (PL/BEAND)
148 FwI‘P-l‘oAL°”1,t3-)+20¢hL8510(Fv301+10~ALﬁG!Gt1+FM6Ds
1499 IF(F*I-F~14°)11K.11 32100
s 150 1105 CANTIND R AR S T R T o 2 e i S S PT
: b R#:Ei(:BAMD¢pD)
152 <ADIEGRANDeRBIEA
153 R1=RAT IABAND
1543 A#RITE(S21111)R!
195: 1111 FaRYMAT(/BXa'VIDES RF BANDWIDTHeMHZ2',F3e¢2)
TR, < . Y XKT33=e22Keb8+1 1« ALBGID(PE«TEMD)) B e BT~ I R oy T Ry i
387: VICARRIER PO ESsXKTA4CiMINFATTEN
158; wRITE(S211C0)
199: 1100 FYRMAT(/'NOe.cF VIDES CHANNELS PER TRANSPANDER ')
1690; READ(521080) v ' ~ '
161: ARITE(521105)
i5e; TTUS"FERVITT7TVU__HV_TRIWSPWWUEWS“TEYWTT“BF 15) ") 3 0= h SRRERR R SRR TR R . T
163 READ(5210B0)TR
164; ARITE(%21110)
16%5: 111C FARMAT(/'NUMBER AF AUDIS CHAMNELS PER UIDES!)
186: READ(521050)eR
167 Bz15E3#PRe12E73
VERTETERGE ¥ R U= IBEI*PR/FET N R TR T LW e (R R g g R R e P
169: 18] RuSawl+(4ued4342)8AL8G())
$703 PEsl3+¢6/U
1743 PRra=RMS+PF
781 Tos1E4
) WiC 11 TH=Tl#lel
(757 TI747 T T T PHaTOXSGRT(EXP (PP #«e2307959)) R BT
17%; Ras2e (PD+R) =
176: X (TD/B) w%?2
177 FRe<5/5200
s iy 1 EXTRAS4 3438 AL SR (FRyXM)
[ 173:  XkTBu=228e64402430AL BG(RI#TEMP)
; COMPUTING ‘CRMTRE. - 1 0 (i b st MR R ATIONSLRESEALEH . CENPAE




1233 Ie(Poes 22020920
185 el EzD
ae 3 b
173 22 Fagr
174 7?7 Tle-a-3~3~~. SIRE/(P#z))
185:; Al oPuReXT: o7
126: SuzsTeEXTRA+Z .5
187 Ip(gl-“b-)‘lulﬂ iC
s Ll y \sT"/l)'
1x9; lERANDeNE/1FE
190 «?sr«olﬁun'
: il 7 RAUIBRANDaV#(R14R2)
1922 ARITE (D0 1120)RACIBEAND
193: 1120 FeRMAT(/SX»'TRANSPHNDER RF BANNWIDTHaMKEZg'yF8e1)
FsA = BPRDRNNCHISNERS PRS-k DN, Toay a0 S Sdite T2 ST s TR § R
125 WRITE(D21330)S8R
196: 133C FHRMAT(/SXs'SATELLITE RF BANDWIDTHeMk7Ze',F8.1)
197: RYGATNEB o626 ALLG(P4DIA%30¢54DFR/3E4 )3
31383 2 Hz22283
199:; 3 XNa3E4/(DFR%*327«H)
200 DENE4#PHH ok o
-3 T xxssrnan.uun-aaeuﬁ*tDwaM
222: wRITE(®221139)
203: 1139 F°4“AT(/'ANTEN\A CBVERAGE TyYPE 1 IF rLLIPTXCAL REAM; !
204 X'2 IFr CIRCULAR 3EAM!)
2c5; WRITE(521138, -
206: 1138 FBRMAT('NBTE: IF MERE THAN ONE TEANSDQNDERrALL ANTENNAS HAVE !
= 207 X'SAME COVERAGE') '
208 READ(5+1031)N8BRTIEN
ec9: G TH (4,5)NARTIAN
210 4 WRITE(221140)y
211: 1140 FARMAT(/'TYPE ANTENNA EAMNIDTH IN DEGREES y DEGREES!
212 X' (8N SEPARKATE LINES') R v < i PR gl hvien & i sUMES

et O READ (521050 ,

2l4; READ(5,1050)y

2X5: SGIIIOOALBGIC(27000/(X§§2))
216: SG1sEXP(SG1l#.230259)

217: 02-1O'AL8 10(27000/(Yex?2))
218 S;32=EXP(SG2#.230253)

% B S *‘S)TiIi€ﬁ§T7§;13YYTKEIS;§331E63&¢21)(kﬁéiP)-(D?k&.2)¢1E12uiSf))
280 SOIARaSART(Sa2% ((1836%5.28#1E6)522) /( (Pas2)w (DFR#x2)#1E124¢55))
ecly THETA=SART(XxY)
2ez: L
223: S wRITE(S21151)

| 224:; 1151 FBRMAT(/'TYPE AMNTENMA AEAMWIDTH IN DEGFE"SU‘X. CULAR SEAM) !,

1 COMPLTING CENTRE ¢ LOMVNJ- CATIONE i-\)‘,«’7~1 CENTRE
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225: READ(521050)TRETA
226 6 SG=z1C#ALSGI0(27000/(THETAX#2))
yg SaU=EXP(3G%e237259)
2e8°7 E0TASSIRT(SG % ( (1REuBe 2R wiEB ) wu? )/ ((Pue? ) u(FRxa2)21F12445%))
229; G& T8 (4C01,4002),NAPTIEN
230: 4001 wRITE(D924003)8%1A1,8D142
231: 4003 FatYAT(/5Xs'SATELLITE ANTENMNA SIZEs '2F6e622" FTe X '"2F6ePs? FTe)
232 G T4 40064
233: 4002 WwRITE(®21171)SD1A
T236: 1171 FRRVAY(/5¥s'SATELLITE aNTYENNA DTAMETERs=! ,Fheps ETYY
235: 4704 PLOSSEX[SBTRLI=NAXGAIN=SS
236; VICYReVICARRIER PBLCResLBSS
237 VICHNSEXP (VIP«4=R#e230253)
238: WRITE(D24008)yVICHN
2397 4005 FGRMAT(/SXxs'vIDES PBWER PER CHMANNELs t,FRe1,' 4ATTS')
- 240:; ~ AUDPWR=AUDIBPwWR+PLESS T N SR 2

241 AUDCHNBFR¥EXR (AUDPWR%#¢23025Y)
242: FATTS= (VICHNGAUIDCHN ) aV4EXP (220232259
243 WRITE(S21170)WATTS
244: 1170 FHRMAT(/5X2'SAT PBWER BER TRANCPSBNPER='IFRe12'WATTS!,
245 X/aSXs ' (INCLUDES 202 BACKEFF AL[BWANCE)!')
2h67  TF(DFReLECIS00RAE « 22607 T%ECZ2+¢2161905E02#ALBG1O(WATTS) = 92823810
247: XO1#ALBGLO(WNATTS ) us?
248; IF((CFReLEsSO0C) e ANDe (DFReGTo1500) )RiBee {1 217857E024+ 22494 043FE02«ALR
249: XC10(wATTS)=e2R80952E014ALBGI0(wATTS)ue2 7
250: 3 IF‘(DFR-GTJOOO’RHB-o1492857502¢-22059525020AL6610(HATTS}~02690476E
251; XO1%ALBGIO(WATTS ) #e2
252: RHE= (RHB/100)»+85 Epeis B g
253: WPsWATTS/(100C»#RHE) 15
254; TRHWEIGHT 2550442400 k4P
295: WRITE(D21174)TRWEIGHT
256; 1174 FARMAT(/5X»"'WEIGHT PER TRANSPBNDER, INCe A\TEN\A.!,FS.I,!L;S.')
257: KSUNT=1

AT, 7§ IBEST=1 3 B TR G G
an9t Ny TRaTR
260 Dg 8099 ISATuliN%TR
261: NTRaTR -
262: 3003 NTReNTRe[SAT
263: IF(NTR)B001,8002,8003

e At BODY L NERAPERTIBATYRATRAZISAY S " .« 7 ¢ R - TR Y S R i
265: Ga T8 3004
266: R002 NTRAPER(ISAT)sTR/ZISAT
267: 8004 CHMTINUE
268 D8 3099 Igs1,[8AT

o @635 - o NBATeISAT St

{
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 272: 3001 NSATPER(ISAT,I8)alSAT/1841

( ( (
TERTRY 00T NEATANSA TS LIV . SR e neit o ¥ s, i e Y
271 IF(NSATYI300L ;300223003

273: G T8 3004
€74: 30C2 NSATPER(ISAT,IR8)=]SAT/IB
275: 3C0C4 CANTINUE

276: SKEREIT(ISAT,I3)s(NTRAPER(ISAT )« (TRAEIGHT)+5C)
277: WABRBIT(ISAT,IR)=2SWERBIT(ISAT, 12 )«NSATPER(ISAT,IR)
278&: SATOE(1SATI12) 8748w ( (WPsNTRAPER(ISAT))#(a405) ? i
279: IF(A6RIIT(ISAT2IB)+L Tea5)RBBSTER(ICAT) I3 el
280 IF(WERBIT(ISATAIB) eGTesS)ROBSTER(ISAT,IB 82
2R1: IF(WARBIT(ISAT21I8)¢eGTe700«)BIASTER(ISATIIE)3
252 IF(wBRBIT(ISAT,IB) eGTe120C)BABSTER(ISATIB) =4
283: IF(WBRBIT(ISAT2IB) eGTep+E3)BBBSTER(ISATIIR) =S
254 IF(WBRBIT(ISAT,18)eGTe4500)BBBSTER(ISATSIE ) =6 AT TR e OB SR I e e A e T
285, IF(WBRBIT(ISAT»IB)+GT«S0E3)GE TA 8005
2x6: Ge Te (8011o3012;80130801408015a8016)JBBBSTER(ISATn!R)
287: BO11 BBOESDA(ISAT2IR)In3e5
258 LIFT(ISAT,IB)ak5
289 " Gs Yo BO1Y
290;: 8012 BAYSDB(ISAT,IR)=6 A R A L %
291: LIFT(ISAT,I8)=7CO
g9 Ge Tg 8017
T 293; 8013 BaSESDO(ISAT,IB)=10 EEIF
~Boei . . REFT(IBAT.IR)el2Q0 . o . . o NN - e e
295: G Te 8017 o RN Para g ey R g
296; BOls BEBSDO(ISAT2IB)al6 N Transe L et g
297: LIFT(ISAT,18)e2ES3 ; “*'w
298 SRE I8 SORE . U ¢ 7
- 299: 8015 BAOBSDB(ISAT,13)=20
3003 LIFT(1SAT,IB)=4500
301: G Tg 8017
302: 8016 BEOSDE(ISAT,IR)=225 b e T e A
- 303: LIFT(ISAT,IB)«50E3
304: 8017 ALAUNCHCBST(ISAT;IB)-IBQ(SATDE(ISATJIB)*NSATPER(ISAToIBs+BBOSDU(!S
TR RN leY)
306:  IF(ALAUNCHCBST(ISAT,IB)«LTeALAUNCHCOST (KBUNTS IREST))IGR TO 8888
307: Ge Te 8099
308: 8883 KAUNT=ISAT ,
309:; I8EST=IB 0% M I SR e S GGG TSR . T ST S SR N e Gl ARy - i S e i 3
310: Ga Ty 8099 w

311: 80085 WRITE(S,8088)NTRAPER(ISAT)

312: BOB8 FERMAT(//'NEB STDe BABSTER CAN LIFT'0F3-0.'TRANSPBNDERS BN 1 SATo')

313: 8099 CBNTINUE

314; WRITE(9,6001) ST | Ve, IR - N P P

£ COMPUTING CENTRE ( COMMUNICATIONS RESEARCH CENTRE i
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r“' T 315: B0CL FERMAT(//0CPN s ' v nbnu bk a s nnubunpn b ubppnbns)
| 316 k=l
317: NNBel Rl S anlie i A ; , A
A AABL . o KR EEL . g - e N '
3152 Ge T8 6002 }
320: 70C0 Kx=<3UnT 1
3el Nn=s TBEST |
(o K;(TlE
389 RITE(947001)
R 324: 7001 Fén'AT(aaxo'.¢«=:TIMJ“ SPACE SEGMENTwwa'y
3E5: WRITE(9s 7002 KBUNTHNTRAPER(KBUMNT) A NSATRER (KRUNT ) NNR)
326 7002 FARMAT(/'CUNSISTS BF ',14,' SATELLITES WITH'2 14,
327: X' TRANSPONDERS PER SATELLITE AND',T4,' SATELLITES PER RS3ISTER')
328; WRITE(5:7003)
329: 7003 FARMAT(/'FBR EACH SATELLEITESY) o o e g " !

TR e Ga Tg &C03 3 T R LU SR T SRR SRS, yas - R ‘
331: 6002 WRITE(526004) |
332: 6004 FERMAT(/2'FBR ALL TRANS°8NDERS 8& ANE SATELLITELY)

333; Gg Te €003
334: 7777 WRITE(S:7077)
335; 7077 FeRMAT(//'0D6 Y8U WISH TB WAVE DATA PRINMTED AUT FSR G'HE=':

336 1Y CBNFICURATIRNS Y2 7:'TYPE T IF YES: ? IF MNBet) N g R S e TR SRR L G T
337: READ(521050)cHEICE
338; G8 T8 (6011,999),CHBICE
339: 6011 DB 6665 KK=Z,NNTR :
© 3%0: . DB 6666 NNBeisKK :
341 mcxx-sa.xauma.mo-mNs.so.xsesnma fa asse

~ 382 WR 26009 KK : : - e
343: 6009 FBRMAT(//oIOya'BASED BN MINIMUM 8F 151301 StTELLITES')
'3“4' 6010 WRITE(S,6012)NNByNTRAPER(KK ) sNSATPER (KK2NNB)
345: 6012 FBRMAT(//'FBR ",132 LAUNCHES WITH ',13,1 TRANSPONDERS eER 1

346: 1'SATELLITE AND'»I4, SATELLITES PER BBBSTERv)
347: KKkT=3

e S " eNTRAPER (KK % L (IR 3 R VTR L R SR N T T £ AR
349 HRITE(501173)T4ATTS
350: 1173 FARMAT(/Zs7Xs'TITAL POWER PER SATELLITEe',FBe1s' WATTS')
351 WRITE(921172)SHORBIT(KK2NNB)
352: 1172 FBRMAT(/27Xs'USEFUL SPACECRAFY WEIGHTs'2FBe121R8UNESY)
383 WRITE(521130)SATDB (KK NB)

[T 35%F 1190 FERMAT(Z:7X'SATELLITE CHST SMILLIONSs ' FEel) oL
355: WRITE(921191)WBRBIT (KKsNNB) o |
356: 1191 FBRMAT(/»7X»'BBASTER USEFUL PAYLBADs ',FRel,' PRUNDS') |
357: PRUNDS=Z2«25#,BREBI T (KKsNNB) |
358: WRITE(9,1180)P3UNDS |

359t 1180 FORMAT(/27Xs'PAYLBAD TRANSFER ORBIT WEIGHT='sFS8e1s' POUNDS! /)

N NS AL g G o & o O SR Lk e o B e s VA Al A0 g t P AN i B DU 7 (( " AMAMINBMC ATIONG HF\FAD"-‘ Fs :‘JID$




364; 7012

(

KRITE(S27021)

FESMAT(7Xs 'SAGSTER! TH2UST AJGHENTED DFLTA')
Ga 19 7017

v [TE(D27(22)

FoRMAT(7X, '299STERY THYR DELTA')

GG TR 16 Y7

39C: 1432

o
392:

[ 393: 55565 GB8 T8 (7000,7777,6666) ,KKY gt

394 6666
J95¢ 993
396;

8975 1431
398
399
400

$01: - 998
4021

403

FARMAT('INCLUDESI"4F9e2s' $M FORI, 14, LAUNCHES',
1/,9%sF3e2,"' &M FBR',F8.0,' STATIANS'//)
IF(TR=1)999,999,5555

CanT INUE

CanNTINUE

WRITE(221431)

FORMAT(///15%» "8 YU 4ISH T8 GO AGAIN '/'TYPE 1
: 2 JF WNaty

READ (52 1031)17JERY

IF(10UERY=1)0952,111,992

CdNTINUE

STHP

Bl

CMuUbdbIIiTING CFENTDE

G2 T (70115701207701320 701407015, 7016)2RIBSTER (KK PNV R)

3677013 "aRITEL297023)

368: 7023 FenYAT(7X,)'rAc3STERY ATLASeAGENAY)

369; B0 J0LF -

37C: 7014 wRITE(D27C24y

371: 7024 FA3S7AT(7Xs'RAISTERE AT_ASeCENTAUR')

SRS ca, Te 20L7

373: 7015 wRITE(927025)

374: 7025 FERMAT(7X,'890STER! TITAN IIICeTRST!) 4

i DRI W T T

376: 7016 wRITE(S27026)

377: 7026 FSRMAT(7X,'B33ISTER: SATURMN Vi)

378: 7017 CBNTINUE

379; 28 WRITE(D21270)LIFT(KaN\R)

3802 1270 FBRMAT(/s7Xs 13RBSTER CAN LIFTI,F3e0st POUNDS INTH SYNCHRANZ2US IRBI
P e SR

382: WRITE(D21310)380308 (KK, NNB)

383: 1310 FBRYAT(/27Xs V' THE BOSSTER COSTS',F8e1,'s MILLIANS FOBR BANEY)

384 TSTALsALAUNCHCOST(KKaNNE )+ (STACB#ST/LIES)

386! STACH$sSTADB&ST/1ES

386: WRITE(S21430)TBTAL ' o

387: 1430 FBRMAT(/,'SYSTEMS CBST (EXCLUDING UPLINK: AND DEVELEGPMENT)s!

388; X2FRels'® MILLIBNS")

389; WRITE(S21432)ALAUNCHCEBST (KKaNNE) 2 NNE,STADDE, ST

IF "YESY/

Gl
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4.3 Description of Cost Programme

Line

Number

S 1-3
4
5-6
7-12

13-16

18-23

24-35

36

37-80

Description

Sets up the matrices to be used in the cost opt1m1zat1on rout1ne
The value-of w is equal to 3.14159.

Title is typed out.

User types in the earth station antenna diameter in feet (DIA) ‘
and the downlink frequency in MHz. (DFR).

The gain of the earth station antenna is ca]cu]ated, converted

to dB and typed out on the terminal.
User types in the receiver noise f1gure in dB (RXNQISEFIGURE)

‘and the number of‘rece1ver_stat1ons (ST).

A number, EXPP, is established corresponding to the. exponent

to the base 2 of the quantity procured (1.e._the-number-of times
the quantity is doubled). ~ This is used in converting"back ‘

to a given quant1ty of a component given the cost for a quant1ty
of one million. (see lines 78 & 99) ' '

RXNF 1s set equal to RXNOISEFIGURE for conven1ence in the

.fo11ow1ng ca1cu1at1ons

The cost of the rece1ver is ca]cu]ated as a function of the i_
receiver noise f1gure and the down11nk frequency The d1fferent '

'equat1ons at different frequenc1es correspond to the Jansky &

Ba11ey curves as discussed in sect1on 2 2 of th1s report. (see
F1g 4), r ‘

Curve f1tt1ng was used to obta1n these equations by break1ng each

curve into ‘several segments and using the method of 1east squares‘

~ to fit a po]ynom1a1 to the curved port1ons

The equat{ons’are for 800 MHz , (Tines 37-47), 2.5 Gz (1ines 52-59) -

and 12 GHz (11nes 64- 71) ~ For frequenc1es Tess than. 800 MHz, the
cost is taken to be the same as for 800 MHz. For frequenc1es
between 800 MHz end 12 GHz, and not falling on any. of the‘three



- 81-101

102-104

105

106-118
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curves, a linear interpolation is done between the two nearest
frequencies For values greater than 12 GHz a linear extrapo]at1on

" was used to obtain cost figures.

~ The values obtained from these equations are the produotiOn
cost for a quantity of 106 receivers. To arrive at the retail
cost for,the given quantity-requires‘tWofmore steps, First,

the production.cost is doubled to give the retail cost. Next an
85% learning curve is applied to arrive at the cost of the g1ven
quantity from a quantity of 10 (1ine 78). - [19.93157° represents
the exponent to which the base 2 must be raised to reach 10 ]

An 85% learning curve was considered to be used most frequently:

by electronics manufacturers (see Jansky & Bailey (4)].

Lines 79-80 ‘then type out the cost of a receiver on the user o
terminal. IR ‘
A similar procedure was used to arrive at the cost of-the-:
antenna for the earth station as a_ function of frequency and ‘
antenna diameter. The GQUationsuSed are a 1east'squares_f1t to

‘the curves as chosen in.section 2.1 of this report and shown

in tabled 10.1 to 10.4 of the. TRW report (2) and plotted in

Figure 5 _Note however that the cost ca]cu1ated by the equat1ons

in this case is the actua1 retail cost of an 1nsta11ed antenna ‘
SO the factor of 2 is omitted.  Also, in-this case, a. s1ng1e

_equat1on was found to adequate]y f1t the data over its entire

1ength Calculated points shown on F1gure 3 1nd1cate the close-

ness of fit obtained w1th these equat1ons.( , o
Lines 100 and 101 then cause-the cost of an antenna bought 1n

the given quantity to be typed out on the user term1na1

The cost of one station is calculated as the sum of the cost of

the receiver and the earth station antenna . and typed out on the

user terminal. '

The receiver no1sef1gure in dB is converted to rece1Ver no1se
:temperature in degrees Kelvin. S
_If the downlink frequency is 1ess than or equal to 890 MHz the

|

|

|
user is asked to spec1fy the receiver. enV1ronment If the . B
env1ronment_1s»rura1, 50° 1s added to the rece1ver no1se temperature,



119-122

123-126

127-130

131-135

136-140

141-143
144

145-150

151-155

156
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if suburban 4000, if urban noisy 1100.

If the downlink frequency is greater than 890 MHz, the'programme :
éoes to line 119 where the user is asked to specify antenna

noise temperature in degrees Kelvin. This is then added on to

the receiver noise temperature to arrive attthevsystem noise -
temperature., . ' '

The -user is asked to spec1fy required peak~-to-peak Tuminance signal
to we1ghted_r.m.s. noise-ratio in dB. The broadcast quality used
is 32 for an acceptable picture (TASO 3), 40 for a good picture
(TASO 2) and 50 for an excellent picture (TASO 1).

The minimum carrier-to-noise ratio 1nc]ud1ng any requ1red threshold

margin is typed in, , .

The baseband ‘is 'specified in MHz and this is thénuconverted to
Hz. ’ - o B | |
The user is asked to specify theﬂweighting factor and a1]oWance

~ for pre- emphasis as a‘tota] (dB). 12, 7 is suggested for 525 1ine

monochrome; 10.0 for 525 line colour. S

The allowance “for propagation attenuation 1s spec1f1ed 1n dB.
The requ1red FM improvement factor (FMI) 1s'ca1cu1ated as (the
réquired'peak‘to peak signal weighted r.m.s. ndise'ratfo) minus

- (the m1n1mum carr1er/no1se 1nc1ud1ng thresho1d marg1n) m1nus

(the we1ght1ng factor p1us allowance for pre emphas1s) m1nus
(6 dB, which is the conversion between peak to peak and r.m.s.
values less an a11owance for the sync peaks ;

- Statement 100 is the beginning of a 1oop in wh1ch the peak A
deviation (set to be' 1 MHz as a start1ng value in line 145)

gradua]]y increased until the FM 1mprovement factor, calculated
by us1ng the peak deviation (11nes 147~ 148), is greater than '

'or equal to the requ1red FM 1mprovement

The v1deo r.f. bandwidth is then ca]cu]ated'using Carson's ru]é.

This is thenvctherted.to.MHz and dispTayed onpthe;dSer terminal.

The thermal noise in the r.f. bandwidth is then calculated..




19

157 The video carrier power is calculated as the sum of the receiver
noise power; the minimum C/N ratio 1n¢1ud1ng'threshold margin,
and the allowance for propagation attenuation. . ‘

158-160 User.is asked to specify the number.of video channels per
transponder. - R o

161-163  The number of transponders is then given. There is a 11miting

A value of 15 due to the dimensions of the array used.

'.164-166‘” User is. asked to input the number of aud1o channe]s requ1red for
._each video channel. -

167-168  The tota] audio baseband 1s then ca]cu]ated as (15 KHz t1mes

- the number of audio channels per video) plus (12 KHz at the
bottom of the baseband). -The number of equivalent voice channe1s
is determ1ned by dividing the baseband (above 12 KHz) by 4 KHZ{

169-171  Statement 180 ca]cu]ates RMS, the CCITT 1oad1ng formula, 4 1og

"~ (no. of channe]s) =1. The peak factor is established as 13 B’

plus an allowance for small _nuimbers of channe]s wh1ch 1s then
added to RMS to obta1n the peak power. . 4

172-173 . The test deviation is first set at 10 KHz in preparation for a

oop that 1ncreases the test dev1at1on unt11 the user requ1re-

: ments are met. : "_

174-176  The peak dev1at1on is then given as the amp11tude of a s1newave, -
| the peak power of which is equa] to’ the peak power of all the
aud1o channe]s CaPSOn s rule is used to ca]cu]ate the aud1o
: bandw1dth, and the square of the modu]at1on 1ndex, XM, is determ1ned
~177-178  The bandw1dth improvement,. FR, is. ca]cu]ated Th1s is equa]

' to the aud1o bandw1dth d1v1ded by twice the bandw1dth of the
voice channels and is mu1t1p11ed by the square of. the modu]at1on
index. ' :

179 ' 'vThe no1se power s ca]cu]ated from the aud1o bahdw1dth ,

186-~183 - The threshold 1mprovement is calculated according to the paper by

: En]oe (Proceed1ngs of IRE, 50, Jan. 1962) which says that ‘the

aud1o bandwidth must be greater than the’ larger of e1ther (1)
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187
188

189-190
191-193

194-196

197
198

199-201
202-209

210-214
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twice the baseband, or (2) twice the peak deviation. :
Threshold (T) is 10 dB minys the threshold improvement, which is
ten times the logarithm of ‘the ratio of rad1o bandw1dth to tw1ce
the filter bandwidth. | |
The required audio power 1s’thentthe‘sum of the noise power-and
threshold. ' . . '

The signal to noise rat1o is calculated as the sum of thresho]d
the modulation improvement, and a 2.5 dB weighting factor.
Checks to see if the calculated. signal-to-noise ratio is larger
than the required test tone to noise ratio of 45 dB. If it is,
the programme is sent out of the Toop to statement 10.

The test.deviation is converted to KHz.

The audio bandw1dth is converted to MHz and saved as R2
‘The transponder RF bandw1dth is then calculated as the number of

video channels per transponder times the sum of the video and’
the audio r.f. bandwidths. This is disp1ayed,at;the user -
terminal. - ' : ' _

The requ1red satellite bandw1dth, 1n MHz, is ca]cu]ated as the
product of the number of video channe]s, per transponder the -
number of transponders, and the sum of the v1deo bandw1dth the
audio bandw1dth and a 5 MHz guard band for each channe1 Th1s is
then typed out on the user term1na1 '

The ga1n of the rece1V1ng antenna is ca]cu]ated

‘The he1ght of synchronous orbit (H) is set as 22, 289 'statute
-miles. - ‘

The free space path 1oss between 1sotrop1c rad1ators is:then
ca]cu]ated ’

- The user is given the opt1on of spec1fy1ng e1ther an e111pt1ca1

or c1rcu1ar sateéllite antenna beam.-

If the user chooses to use an e1]1pt1ca1 beam the programme .goes to
statement 4 and the user is requested to type in the beamw1dth

in degrees’ by degrees




- 215-220

221-222

223-225

226-227

228

229-234

236-239 .

240-241

242-245

. 4002 and types out the d1ameter of the circular antenna

“1sotrop1c antennas p1us a 3 dB a11owance for 1oss of ga1n at
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The gain of the equiva]ent circular antennas haVing'beamwidths
correspond1ng to that of each axis is” ca]cu]ated These ga1ns'
are then used to calculate the d1ameters of the equ1va1ent

.circular antennas.

The beamw1dth of an equ1va1ent c1rcu1ar antenna is ca1cu1ated as -
the square root of the two beamw1dths of the e111pt1ca1 antenna
The programme then skips over the C1rcu1ar beamw1dth
calculations and continues, ; _
If the user. chooses a circular beam 1nstead the programme sk1ps
lines 210-222 and goes to statement 5 where the user is requested
to.type in the beamwidth in degrees.

In either case the programme then arrives at statement 6 where L

the gain: of the satellite antenna is ca]cu]ated 1n dB and then_

converted to a power rat1o R _ B

The diameter of a circular antenna hav1ng th1s ga1n 1s then f

calculated. ' C

If an e111pt1ca1 beam was chosen, the programme goes to statement

4001 and types. out the size of the e111pt1ca1 antenna. - o
IF a c1rcu1ar bean was - chosen, the programme goes to. statement

The path Toss is ca]cu]ated as the sum of the path 1oss between

the edge of the antenna beam m1nus the -sum of the' two- antenna o
gains. oo . _

The required video . f. power per channe1 at the sate111te is
calculated as the sum of the sum of the v1deo carr1er power p]us
the path Toss, converted to watts and pr1nted out.

The power. per audio channel is ca1cu1ated as the sum of the aud1o

carrier power plus the path 1oss.f This is then converted to watts

and multiplied by the number of audio. channe1s per v1deo to
arr1ve at the audio power per v1deo channe1 '
The sate111te power per transponder is then the sum of the v1deo



246-252

253-256

257-259
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power and the audjo'power per video channel times the number of

video channels per transponders. This is: then increased by a

2 dB TWT margin for power amplifier back-off and_printed out.

The required solar array power depends on the conversion

efficiency from the D.C. power at the input to the_transmitter_._

to the total RF power output to the antenna. ' | -
The values used in the programme are based on date'taken'from, .

the curves in Figure 5.2.9 of the'G.Et_study (3). . These curves

- were fitted using using 1east-squareswtechniques,

The curve for crossed field amp1ifiers (UHF/FM) was used for

~downlink frequencies less than or equal to 1500”MH2; the curve

for LINEAR BEAM S-BAND FM was used for downlink frequencies less
than or equal to-5000. MHz but greater than 1500 MHz; the curve
marked LINEAR BEAM X-BAND AND FM was used for downlink freduencies:

greater than 5000 MHz.

In 11ne 252 this 1is converted to a dec1ma1 and mu1t1p11ed by -
.85, to account for the efficiency of the power converter.
The requ1red solar array power is caTcu1ated and the we1ght per
transponder is determ1ned us1ng the emp1r1ca1 equat1on

w (Pounds) = »550 + 240 P '(ki1OWatts)'

- taken from CCIR Report 215-2 (5) and 1nc1ud1ng the contr1but1ons

of all subsystems.’ The transponder weight is then pr1nted out.
The programme. prepares for a 1oop (11nes 260~ 313) wh1ch will
optimize the number of satellites’ and number of 1aunches to be
used. : . ; : :

KOUNT is an 1nteger used to keep track of the opt1mum system
from the po1nt of view of number of satellites to be used.

IBEST s an integer used to keep track of the: opt1mum system
from the point of view of number of. 1aunches to be used
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261

262~267
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.NNTR is the 1hteger value of the nUmber of transponders and -

serves as a limit on the loop.

- The bas1c philosophy of this opt1m1zat1on routine was that
all satellites should be identical and therefore all should
have the same number of transponders. This can 1ead‘to'mere
transpOnders'than“required but it is considered to be cheaper‘

" to make all satellites identical than’ to attempt to fit different

numbers of transponders on d1fferent satellites. particularly

_when regard is given to the large initial outlay in des1gn1ng

specific satellites. ,
An additional advantage of this was the possibility of having
a spare transponder in the event of failure. - t
_ The Toop starts with all transponders on one sate111te and
1ncrements the number of satellites by one unt11 there is one
transponder per satellite. .
For each number of satellites there is a 1oop w1th1n the Toop
wh1ch.opt1m1zes the number of satellites to be put on a booster,
starting with all satellites on one booster.and incrementing the

. number of boosters by ohe until there is one satellite per |

booster. | ‘ . _
ATl theseApossible cbmbihationé’are stored'in an array for
1ater exam1nat1on if wished, and the opt1mum cost system is .
stored as (KOUNT IBEST).
Line 260 1is the starting po1nt in the ]oop and beg1ns by sett1ng
ISAT (the number of sate111tes) equal to one and term1nates “the
loop when the number of. sate]11es equa]s NNTR (the number of
transponders) i.e. when there is one transponder per sate111te
Line 261 prepares for a Toop (1ines 262-267) to calculate the
number of transponders per satellite (NTRAPPER) by>5ettihg an
integer NTR equal to the total number of transponders wh1ch has
been inserted by the user. '

The number of transponders per sate111te is ca1cu1ated by
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270-275

276
277

278

279-284
285
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subtracting the number of satellites (iSAT) from the tota]’numben.
of transponders required (NTR) until the"resu1t (NTR) is either‘
zero. or negative. If the answer. is. zero it means .the number: of ‘
satellites will divide evenly into the number of transponders

(11ne 266). If it is negative, the number of satellites will not

go evenly 1nto the number of transpondens-and the number of
transponders per sate111te must be set equal to the next highest
1nteger in order to get at least: the minimum requ1red

number of transponders (1ine 264). In these cases, there will be
extra transponders but.this is- 1n keep1ng with the dec1s1on '

" to have identical satellites as explained above L
Line 269 is the start of a second opt1m1zat1on routine (lines 269-
- 313) ‘within the main optimization routine,- in which the optimum

number oF sate111tes to go on each booster is ca]cu]ated It
starts w1th all sate111tes on- one booster and ends when there is
one sate111te per booster (i.e. when the number of boosters equals

- the number of satellites).

Lines 270-275 utilize a similar- procedure to that used 1n 11nes
261- 267 to ca]cu]ate the number of sate111tes per booster )
The we1ght of one sate111te (SWQRBIT) 15 ca]cu]ated as the

. transponder: we1ght t1mes the number of transponders p]us an

a11owance of 50 1bs .of basic structure we1ght.az_ , SRR

The usefu] pay]oad of the booster is. then the we1ght of one :
sate111te times the number of sate111tes per. booster

The cost of one sate111te (SATDQ) is ca]cu1ated as a funct1on of .

| gthe 'solar array. power using the equat1on

'[CS = 7.8 PO 405

der1ved in the -TRW report (2)

- A booster number is ass1gned based on the usefu] pay]oad
1If the usefu1 pay1oad exceeds the carry1ng capac1ty of the

1argest booster (50 OOO 1bs) the programme is sent ‘to statement
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‘8005 (1ihe 311) where a message is typed out on the user
term1na1 to indicate that no standard booster can 1ift the payload.
The programme then goes back to thetpeg1nn1ng of_the ]oop.(11ne
269). - -

286-303 The cost of the booster (BPPSDP) and the maximum 17ft capac1ty
(LIFT) of the booster is assigned depend1ng on the b005ter

: number determined in lines 279-284.

304-305 The Taunch cost of the total system (ALAUNCHC@ST) is then the
number of boosters-(IB) times the sum of the cost per satellite
times the number of satellites per booster and the cost of the
booster. . | - : '

306-310 The Taunch cost of the present system (ALAUNCHC@ST (ISAT,IB)) is

' . compared with that of the most cost effective system to that
point in the Toop (ALAUNCHCPST (KPUNT, IBEST)). If the cost
of the present system is less than the cost of the preVidusly
most efficient system, the programme_is_sent to statemeht 8888
where_the'integers K¢UNT and IBEST,are‘set equal to the values
of the present system.. If not, the programme retaihs the4va10es
of KOUNT and IBEST and steps to the next point in the Toop.

316-319 KK is a subscr1pt correspond1ng to- the f1rst subscr1pt estab11shed

by Tine 260. of the programme; NNB is a subscr1pt correspond1ng
to the second subscr1pt estab11shed by’ 11ne 269 of the programme,

- KKT s an 1nteger used to keep track of the stage of prlntout
ATl of these are set equal to one for the first stage of the
printout which starts at statement 6002 (1ine 331). . _

331-332  The first stage of the printout (KKT = ])‘is for all transpohders :
on.one satellite (1.e.vthe first loop of the optimization prOCedure'
which has one satellite (KK=1) and‘one booster (NNB=T).. V
The system: printout ca]culat1ons and statements beg1n at state—
‘ment 6003 (11ne 348)

348-350 The total power per sate111te is ca1cu1ated as the number of
'transponders per sate111te times the number of watts per transponder
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- 353-354

355-356
357-359
360-378
379-381

382-383
384

385
386- 391

392

- 393

320-322
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and printed out.

The useful spacecraft weight is printed out.

The satellite cost in millions of doT]ars"is printed out.

The useful pay]oad on one booster istprinted'out; _

The payload transfer orbit weight which includes the apogee kick

‘motor is taken to be 2.25 times the booster useful pay]oad. This
s then calculated and printed out as payload transfer orbit weight.

The name of the booster corresponding to the booster number given
in Tines 279-284 is printed out.

The maximum payload the booster can 1ift 1nto synchronous orbit

is printed out.
The booster cost is printed out.

The total system cost 1s then the sum of the space segment and

earth segment.

" The earth segment cost, in m1111ons of do]]ars, is the cost per

station times the humber of stat1ons divided by 106 ‘
The total systems cost is printed out along with a breakdown
as to the total space segment and total earth segment costs.

If only one transponder was. spec1f1ed the programme is sent. out

of the printing procedure to statement 999 (Tine 395)
- If more than one transponder was spec1f1ed the programme is
sent to statement 5555 (1ine 393). ‘

The programme is sent to statement 7000 (the start'ot the second -

stage of pr1ntout), to statement 7777 (the start of the third
stage of printout); or to statement 6666 (a continuation of the
third stage) depend1ng on the value of KKT. After the first stage

‘of printout if there were more than ‘one transponder spec1f1ed the

programme goes to statement 7000 (1ine 320).
Lines 332-334 prepare the programme for the second stage of

'pr1ntout the printout of the opt1mum system: (most cost effect1ve

system) by setting the f1rst subscript of the pr1nt 1oop equa]

to KAUNT and the second.subscrjpt equal: to.IBEST KKT is set
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339-347
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equa1 to two to 1nd1cate that the programme is in the second

stage of pr1ntout

Lines 335- 341 indicate that the fo11ow1ng pr1ntout is to be for

the opt1mum system and indicates the minimum number of satellites

on which 1t is based, the number of transponders on each sate111te

and the number of satellites on each booster.
Line 340-342 indicate that, for each sate111te,~the~parameters
are as in lines 348 ff. and send the programme to the printout

- procedure as outlined in Tlines 348-394 above.

When the programme. again reaches line 393 it is sent to
statement 7777 (line 334). . ‘ .
The -user is asked if he would Tike to have the data pr1nted

out for the other conf1gurat1ons considered in the ana]ys1s.

If he does not the programme is sent to statement 999 (Tine
395); 1f he does the programme is sent to statement 6011 (11ne

'339)

A Toop is started wh1ch will 1oop thru a]] the conf1gurat1ons
(start1ng with 2 sate111tes) cons1dered in the opt1m1zat1on :
Toop. (11nes 260- 313) and, with the except1on of the opt1mum ‘ :
system which is sk1pped over by 11ne 341, w111 pr1nt out '

1) the system under consideration (11nes 342-344) and 2) the

parameters for each system as in 11nes 348 ff.
When all the des1red data have been. pr1nted out the user is
asked if he wishes to enter another system. If he does, the

- programme is sent to statement 111 (11ne 5) which beg1ns the

programme again; if he -does not, the prOQramme'is sent to
statement 998 (1ine 401) and the programme is termineted.inz
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APPENDIX A: SAMPLE RUN OF PROGRAMME

Shown below is a sample run of a cost ana1ys1s of a system consisting
of 5 transponders W1th 5 v1deo channels per transponder and 1 aud1o
channel per v1deo.

FM TELEVISION BROADCAST SATELLITE COSTS

EARTH STATION ANTENNA DIA(FT)?
14,

DOWNL INK FR(MHZ)?
712000,

GAIN OF EARTH STATION ANTENNA = 41«13 DB

TYPE-IN RX NOISE FICURF IN DB
74.0

NUMBER OF RECEIVFR STATIONS
75000. . -

COST QF RECEIVER = § 508 2

COST OF AN ANTENNA BOUGHT IN QUANTITY" $ 724;0

1

cosr oF ONE 5TATION= e 1232,19 . e

SPECIFY ANTENNA NOISE TEMP IN DEGREES. KELVIN . L
71700 - .

REQUIRED PEAK TO PEAR/WEIGHTED RMS NOISE RATIO?
BROADCAST QUALITY:32=PASSABLE;40=GO0D;50=EXGELLENT
745

SPECIFY MINIMUM GARRIER/NOISE INCLUDING THRESHOLD MARGIN)-

‘?14.

'SPECIFY BASEBAND IN MHZ EeGoda? MHZ FOR A 525 LINE SYSTEMM oL ' S
4.2 S

"SPECIFY WEIGHTING FACTOR AND ALLOWANGE FoRr PREFMPHASIS AS TOTAL
EsGe10+242:5212+7 FOR 525 LINE MONOCHROME -
10.0 FOR 525 LINE COLOUR
710.0
‘SPECIFY ALLOVANCE FOR PROPAGATION ATTENUATION IN DB
4.5

VIDEO RF BANDWIDTH-MHZ= 24068

NO.OF VIDEQ CHANNELS PER TRANSPONDFR?
75

NO. OF TBANSPONDERS?(LIM;T OF 15)
75¢ o : :

NUMBER OF AUDIO CHANNELS PER UIDEO
?l- :

TRANSPONDER RF BANDNiDTH-MHZ= 129.3
SATELLITE RF BANDWIDTH-MHZ- 7713
ANTENNA COVEHAGE? TYPE 1 IF ELLIPTICAL BEAM;2 IF CIRCULAR BEAM

NOTE: IF MORE THAN ONE TRANSPONDERs ALL' ANTENNAS HAVE SAME COVERAGF
78¢°




TYPE ANTﬁNNA BEAMWIDTH IN DEGREESCCTRCULAR BEAM).
Tle ’

SATELLITE ANTENNA DIAMETER= 3.40FT
VIDEO POWER PER CHANNEL= B6e4 WATTS

SAT POUER PEH TRANSFONDER= 688.9VUATTS
¢INCLUDES 2DB DACKOFF ALLOWANCE)

WEIGHT PER TRANSPONDER, INC. ANTENNA= .898+2LBS.

s e e sde st sfe sfesfe o s e sk sk sk e s sheokske sk ko
FOR ALL THANSPONDEHS.ON ONE SATELLITE:
TOTAL POWER PER SATELLITE= 34443 WATTS
USEFUL SPACECRAFT WEIGHT= 4540+BPOUNDS
SATELLITE COST SMILLIONS= 174
BOOSTER USEFUL PAYLOAD= 45408 POUNDS ° ,
PAYLOAD TRANSFER ORBIT VEIGHT= 10216+.9 POUNDS-
BOOSTER: SATURN V ' ‘
ROOSTER CAN LIFT 50000+ POUNDS INTO SYNCHROqus'oaBIT
THE BOOSTER COSTS  225.0$ MILLIONS FOR ONE
SYSTEMS COST (EXCLUDING UPLINK AND DEVELOPMENT)=  248.6% MILLIONS

INCLUDES: 242.40 $M FOR 1 LAUNCHES
' ' 6.16 $M FOR 5000+ STATIONS

#*%%0PTIMUM SPACE SEGMEN T#%%

CONSISTS OF 2 SATELLITES WITH 3 TRANSPONDERS PER SATELLITE AND

SATELLITES PER BOOSTER
FOR EACH sATELLITﬁs ‘ ‘
 toTaL POVER PER sATE;LxTﬁ= 2066.6 VATTS
USEFUL SPACECRAFT_WEIGHT=. 2744{5p0uNDs
SATELLITE COST SMILLIONS= 14.2
BOOSTER USEFUL PAYLOAD=  2744+5 POUNDS
" PAYLOAD TRANSFER ORBIT WEIGHT= 617541 POUNDS
" BOOSTER: T;fAN_IIIC-THST

BOOSTER CAN LIFT 4500 POUNDS INTO SYNCHRONOUS ORBIT

THE BOOSTER COSTS  20.0% MILLIONS FOR ONE
SYSTEMS COST.(EXCLUDING UPLINK AND DEVELOPMENT)= ~ 74.5% MILLIONS

INCLUDES: ‘68,30 $M FOR 2 LAUNCHES
- 6.16 $M FOR 5000« STATIONS
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