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l’hj s paper 1 ooks at the bal anew between recejver compl oxjt.y anti
t-he rcqui red sate] 1 jt.e HIRP for Direct. Broadcast Sat.el 1 i te-l{adi o (I)BS-
1<) sc:rvi cc . 1 n general the requi red receiver Compl exi t,y and cc)st. can

be rc!cluced at the expense of’ higher space-segment cost by al 1 owi ng a
hi cjl)er F.at. e] 1 ite EIRFJ. T’he tradeoff c]utcome i s sensi tjve to the t.o~al
number of anti cipat, ed receivers i n a given service area, the number of
audl o procj rams. , and the recjuj red audi o cjua] jt.y. AII und~rstandj  ng of
c)pt. i mum Choi ce of sat, c:] 1 i t,e 1:1 RP for I)BS-R under vari ous servi Ce
recjuj rements> j s a crit. ica] j ssue at. thi s t.imc when CCIR 5s s.01 j citing
i nput. i n preparati ons for the 11’U p] anni ng conference for the servic:e.

1 1 N~’~OI)UC~’l ON. . .

‘1’here has. been consi Cicrab]  e i nternati c]nal ef f c)rt i n t he areas, c)f
sy:; t c~n) ~,t,~~c]i ~~; , system dove] opment. and regul at.c>ry work for a Ilrc>aclcast
:;at e] 1 i t.e Servi co Sounc]. An important. successful i nternati onal
mi 1 e~,t.one was the 1992 World Adrninj st. rative Radio Con ferc!nce (WA}{ C-\12 )
a] 1 c)c;ati c)n c)f 1,- and S- banci spect. runi for thi s service [ 3 ] . ~’hc! I’eclc!ra]
Cc}mmuni cat. i on Commi ssj on (l+’CC)  i s active] y perusj ng the regu] at. ory
i S:,l]es, fc)r t.hc’ comm~rci al i nt.rod~~ct  j on of t.hi s service in the S-lmnci
(2.330-2.360 Gllz) allocated at. WARC-92 for the U.S. Sc?vc’ra] compani es
}]ave fi lc~d appl icaiic)ns before the FCC t.c) prc)vi CIC t.hi s type c)f servj cc
[2].

~’llerc~ i s an i nt. eragency agreement. between Vc)i cc of Ameri Ca (VOA)
ancl Nat i onal Aeronau’tj cs and ,Spae, e Admi ni strati on (NA.SA) f c]r a
cc)c)rcli nat. c>cl program on DIE-R. ‘1’hi s program i nc] udes seven tasks:
Syst c’ms ‘i’rac]c?-of  fs Study, })ropagati on Measuremc?nt.s, Sat,e] ] i t,c!
Hxperi ment ant] I>emc)nst  rat j on, Rc!m?iver Devel opmc!nt,, Market SLLldi es,
I<C’CJLII  at c>ry St ucii es , and WARC I>reparati  ens> . Al 1 !l’asks exc~cpt. for t.}le
c)Ilcjc)i ncj Recci ver Imvel c)pment have bc?en compl et. ed.

‘1’lli s paper 1 ooks at the ha] ante between receiver cc)mpl exi t-y ant]
t.hc~ rc’qui rc~cl sate] 1 i t.e H] RP for rms-~ servi ce. I 11 general t }Ie recjui rcd
receiver sc?nsi t.ivi t-y and cost can be reducecl at the expc!nse c)f lli gller
:-l~)<icc>-:;egn~c:rlt  cost. by al lowing a higher sate] 1 i t~ E] R}’. T’he f i ndi ngs
c)f a cc)mpl eted System !l’radeof f Study [ 3 ] and an ongoing I)HS-R Ncccivcr
I)c’vc’l c)pment ~’ask [4 ] are used to quanti fy the t.radeof fs bet:wc!en thc~
:-;~):l~c>-sc~gnlent,  and t.]1~ ~ons~lmer rc~ceiver  complexity aS t.]le sate] ] i t,c:
}:]] <1’ is varic:cl. A number of c)t.her parameters (the anti ci pat. c?d numb~r



c)f rer.eivc:rs, in the service arc!a , auc]io qua] ity, and t.hc} number c)f
brc)acicast programs) arc t.reatecl as runnj ng varj ah] CS.

TIIc base-] jne system j s based on the f j ndjngs of’ the Syst.enis
‘J’racicc)f fs Study l’ask [ 3 ] . ‘1’he El’ask coverecj a technical s,t. uc]y wi t-h
rel at. ed tradeof f anal ysis t.o jdenti fy and define vj able system clpt. j ons
fc)r sat. c?l ] it. c: broadcasting  of radjo and its racept.i on by cc)nsumer type
ciicjita]  rac]ios,  . A range of’ capacity, coverage, and audi o qua] i t.y
recjui remc!nts were cons, j dered f’or bc)t.h portab] e and mobi 1 e recept.j c)n i n
rural , suburban, and urban areas. 1 mportant system j ssucs considered
i J“lcl Udc!: state of the> art djgit. al audio coding, propagation
c~onsi cierat.i c)ns for mobj 1 e and i ndoc)r portab] e recept, i on, power and
l.)anc]wi dt.}] ef f i ci ent. channel codi ncj anti modu] ati on tcchni cjuc!s,  anti
mu] t.i path signal 1 ing and ciiversity t.echnicjues, :Ind fintl] ]y space-
s;c!gn~c!]lt.  t e.chnol ocjy and cost for DBS-R.
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Iiasecl on the status of audio cocli rig t.c!chno] ogy, the! fol 1 c)wi ng
grac~c)v, c)f aucli c) cjua] i t.y and bj t rat, es, have been ident. i f j ed [ 3 ] for
1)11 S--}< app] icati c)ns:

. I)igita] broadcasting of monophoni c audio wit, h bit rates i n
t.hc? 36 kbps to 32 kbps range: wj th subjc!ctivc!  audi c) cjua] i t.y
cc)mparabl e to AM broadcast.  j ng.

. I)igjta] broadcast. jr)g of monophonic audio wit]l bit. rat. c.s jn
the 48 kbps to 64 kbps range with subject. jve audj o cjua] i t.y
comparab] e to monophonj c PM broadcast. i ng.

. I)jgital broadcasting of st_ereophonjc audio wit)) bit_ rates jn
the 64-96 kbps range wi th subjective! audi o c~ua] it. y
comparab) e t.o :Jterec}phc)nj  c I’M broadcast ng.

. I)jgjtal broaclca:; tj ng of st. ercophoni~ auc]j o with bjt. rates jn
the’ 96-328 kbps range wj th subject ive auc]io cjua] it y near t.c)
:;t. erec)phc~ni  c CI) qua] j t.y.

. l)jgjt. al broadcast jrrg c>f stereophc)nic audi o wjt.h hi t. r~lt.c!s in
the 328-160 kbps range with subjective auc]i o qua] i t.y
approarhi  ng sterec)phor)i c CI) qua] j ty.

. I)icjita] broaclcastjng  of stereophorrj  c audio wjt.h bj t. rtit.c?s i r)
t.}1~ 360-392 kbps range wi t.h subjecti Va audj o q~lzl] i t.y
cc~mparabl  e to s.tereophonj r. CI) c~ua] i t.y.

11.2. ‘i’Yl’l CA’1, r)lw-~t 1,1 NK IIIJI)GETS

‘J’ab] c> 1 gives> typi cal I)l\S-R 1 ink bucigets for mobj 1 c! and j ndc)or
pc)rt.ab] c? recepti on of one near-CD qua] i ty audi o program at a frc>cjucncy
c)f 2.35 C;HZ using a racli ated RF’ powc; r of” 40.5 Watts. over a 3–cic’grc!c!
spc)t. -beam resu] t.j ng in an l+:] RP of” 50.8 dIIW. ‘l’he mobj 1 e 1 ink margin c)f
6.6 dII i s approprj ate for mc)bj 1 e receptj on j n rural and suburban



areas> , mc)bi 1 e rempt.i on j n urban areas woul d requi re ei ther
t.c~rrestrial lmosters or hj gher l+:] I@ spot. -kmams. ‘1’he portab] e 1 i nk
marqi n of I 2.9 dl~ i s suf f i ci ent. f or i ndoor recept. i on i n most. houses.
‘J’o ~voicl prohibitive 1 ink margjns for port. ab] e rcccpti on j nside
buj 1 di ngs with I arge penetratj on 1 oss (more than the 1 ink marcji n) , t-he
fcjl 1 c)wi Ilg measures can be taken:

. At.t.ach an antenna t.o the insjde or outside of a window,

. Use lli ghcr gai n antennas for tab] e-t.c)p radi os,

. 1)1 ace the radio jn a 1 c)cat. j on of’ a sjgnal peak of’ the jncioor
st ancli ng waves.

~’hc~ mobi 1 c ) i nk budget, j s based on a mobil e receiver with a G/’l’
of -19.0 clI\/K and a near coherent dcnnodul ator wj th soft. Vi t.erhi
dcccxii ncj cc)n~bi  necj wi t.h extensive t i me i nt-erl eavi ncj t-c) mi ti gate
i nt crmi t.tent sj qnal bl ockage due to roadside objects. ~’he pc)rtab] e
rc’cc’].)ti c)n 1 i nk budget. is based on a tab] e-top pc~rt.ab]  e receiver wi t.h a
G/rJ’ V<l]UC? of -]4 .-/ dl\/K. T’hc devel opmcmt. of prot. c)typc receivers wi th
S;UC}] pc~rfc)rmance objectives i s the subject of a companion papc. r at.
t.hi :; cc)nf’erencc~  [ 4 ] . 1 n genera] the requi red recejver sensit. jvj t y aIIci
c~c)s,t. can be reduc; ed at the cIxpens, e c>f’ higher space-segment cc)st. by
a] 1 owi ncj a hj cjhe. r s>atel 1 i t.e 1:] RP. Such a tradeoff WOU1 c1 make sense j f
the addi t.i ona] space-segment i nvest.ment. prc)rat. ed over the number c)f
rc’ceivers} is more than of’ fset. by the savj ngs j n the cost of the
receiver. First wc wj 11 lc)ok at the vari ati c>n of the space -sc!cjment
c:c)st as function c)f sate] 1 it.e El R]’.

‘J’l)c! variation of sate] 1 ite si zc and cost for 1)11S-1< servi C!CS have
l>cc’]) al rc!acly reported [ 3 ] . 1+’i gure 3 shows the space -segment i nvest.mc~nt.
a :-? a functi c>n of the rec]ui reel dc)wn-] j nk RI+’ power fc)r an S-. Bancl 1)11S-}{
:~y:;t c’m wi th 3–clegree  spc)t. -beams.

‘J’}lc! base-. 1 i ne per program sate] 1 i te RFS power rc2cjui remc!nt. for
brc)acic:astj  ng one 128 kbps di gj t.al audi o program over one 3-clc’gree
spc)t. -beam has been given i n t.abl c 3 as 40.5 Watts for a nominal RI RI’
C)f 50.8 dl)w. Down-1 ink RF’ power requirements for other digital audio
rat. c’s, can be estimated by not. i ng that t,he needed RF’ power i s
])rc)]lc)rt i ona] tc> ih~ djcji t.a] audj o rate . ~’he t.c)tal RF power can be then
c’:;t i mat ed by summj ng the power requi rement for each cAlannc Jl . I’i nal 1 y
t I](’ t c)t. a] RF power can bc used in conjunction with F’jgure 1 t c)
c’st illlat.c~ the’ space -segmc’nt i nvestment.

}“icjure 2 shows t hc? vari ati on of space-s egment i nvestment
(prc)rat.c~d over the number c)f receivers) as a function of the pc!r
Clla]lnc!l E] R]’. ‘1’he numb~r of prc~grarn  channel s and receivers are t rest.ecl
as runni ncj parameters, covering a range of 30-150 near- CD-qual jt.y
char-l n e 1 s> and 2-20 M receivers. AS expected, the prorated space-segment.
cost is j nvcrsel y proport.ions] to t_he number of receivers. 1+’c)r the
has, c- 1 i ne F:] RP, the prorated i nvest.ment cost vari es from $“/0 to $-/ as
t he number c)f recej vers go from 2 M to 20 M i f t.hc! total number of



prc]qram c:hanne] s i s 30. ‘l’he spacc - s.egment I rives. tment. 1 ncreascs> wit]]
t })c! l)umbc!r  of program channel s. As an exampl c, when the number c)f
pl-ocjram  channel s i s i ncrcasecl  to “/0 from the earl i er exampl e of 30
Channel s, the prorated (over the number of receivers) space -se.cjmerrt.
i llvc’stment  ranges from $17 ( 20 M receivers) to $1”10 (2 M rc>ceivc’rs) .

~’he vari ati on of prorated space-segment investment as a functi on
c)f E] }{1’ al so f o] 1 ows t,he same trends as the abso] ute cost. r, cii scussc!d
abc)vc! wi th respect. to t-he, number c)f program r.hannel s and the number c)f
rer. p.jve. rs. For exampl e the per-receiver increase i n the space--segment
i nvc’=, tment. for a 3 cl}] i ncrease i n the EIR1’ over t he base-l i ne. s.yst. em
is typic ;al]y $ G.2 (20 M rcc:eivers,  30 channe]s) , $ 62 (2 M rc!cc!ivc!l”s,
30 CllanIl(!ls)  , $ 1-/ (20 M recc?ivers,  90 Channe]s) , and $ l“\O (2 M
rc~c. c!ivc!rs, , 90 channels) . Figure 3 shows a de.tai 1 ed picture of t.hc?
i llcrenienta] i nc:reas,  c i n the Space-Segment i nvest.ment
t }Ie rlumber c)f rece.i vc)rs)

(prorat ecl C) VC>I-
over the base-] ine system as the sat, e] 1 itc?

1:11 {1’ is i rlcreased 1 , 2, and 3 Cil\ over t-he base-1 i ne II:] RI).

Nc!xt. we examine how a 3 d~] jncrease in sat. c) 1 ite F:I RI’ c)vc?r the
basc!- 1 i ne clcsign can be used to ) ower the cost of the receivc!r. Pi rst.
1 et us icient. i f y those parts of the base-] ine receiver ciesicjn where
pc)i c“nt.i al Cc)st. savjnys ar~~ ] ikc>]y tc~ be real i~,ecl if the s>atel 1 itc’ 1:11 <1’

i ncrcascd say by 3 dll.

1 n t.hc! base-l jne design, the mobi le receiver 1 s front. encl has a
G/g’ C)f -19 c~Il\K, with an antenna gai n of 4.5 dIli ancl a tot al
system nc)i se temperature of 224 K (-23 .5 dBK) . A 3 d}) i ]lcrc!ase i s
sat. cl 1 j t.c HIRP wi 11 al 1 C)W a 1 c)wer cc)st. f rent. end with a G/r

J’ c)f -
22 cll\/K ( f c>r exampl c’ an antenna gai n c)f 3 dI\i and sys, tc’m nc)~ S,C
t.emperat.ure of 317 K) .

in the base-l jne design, the tab] o-top portab] e receiver ‘ s .frc~nt
c’nd has a G/l’ of -34 .-/ dB/K, with an antenna gain c~f 12 d}li ancl a
t.ot. al system noise tcmlperat_ure  of 470 K (-26. -I d}\K) . A 3 ciI\
i ncrease i s sate] 1 i te l:] RI’ wi 11 al 1 ow a 1 ower c:ost. frc>nt encl wj t.h
a G/~’ C)f -3 “/ .7 dI1/K (for examp]e an antenna gain of 30 cllli anc~
system noise t.cmperat.uro of 589 K) .

‘1’he signal processing pc]rt. i ons of the receiver can be simpl i fiecl
at t he expense of hi gher F:b/No requi rc!mc!nt.s, for examp] c:

3a. the near coherent. demodu] ator can be changed t c) di f fc’rc>nti al
cic?t. ecti on for t.hc! mobi lC receiver,

3.b. sc)f’t, dc:ci si on decodi ncj can bc! changed to hard dc!c. i s.i c)n
dc>codi ng to save. c)n cle-int. cr] eaver mcvnory.

C)f t.tlc’ possi b) e opti ons to clecrease recc’iver Cc>st. at. the! c~xpensc~
hi clhc?r sate] 1 i te l:] RP, i t.ems 1 and 2 above, namely 1 oweri n~ the G/~’

Value’s. c)f the f rent ends c>f the mobi 1 e. and port. abl e re. c.~ivers,  , arc the’
most prc)mi si ng candidates. ~’he actual cost cli f“f”erenti al i n the
manufacture of each simpler receiver i s est. i mat ed to bc i n the rc)ugh
range’ c)f $10-$40, a better c:stimat.e  can be obtaj nc~d after t hc! c)ngc)i ng
])11S--1< rc’ceiver clevcl opmc:nt, ~’ask [ 4 ] has been comp] et. ed.



Pjnal]y we like to compare! the saving in the recmjver cc>st. versus
i}]c! jncrcas,e in space- s,ecgment cost whc!n the sate] 1 i te l:] R]’ is
j ]lC]-C?EISCC1  frcjm the base-] i ne va] up . ~’he outcome of the compari sc)n
c1 epc! ncl F. ~,t, roncj] y c)n the number of re. cmi VCr S anti the number c)f procjram
Char”ln  c!] :; . For a system wi t.h 20 M receivers anti 30 near -CD-qual i ty
Cllar”ll”lc!l s , t-he per-receiver  premium of $ 6.2 in the space-segment
i nvest ment. i s mc)re than offset j n the 1 ower per receivc!r manufac:turi  nq
cc)st. c~f $30-$40 for a 3 dll incroasa in the satjol 1 it,e NIR1).

On t.hc? other hand, for a system with 2 M receivc+rs and 90 near --
CI)- qua] i ty channel s, th~ pcr-rc?cmiver  i ncroasc c)f $ 1 “?0 i n t.hc> spacc -
sc!cjnl~.~lt.  i nvestment. cannot be. -just. i f i ecl by thcl 1 oweri ng the p~-r
rc’cc!j ver manufacture ncj cos, t. by $10-$40 for a 3 cIH incrc~asc ill t.hc>
sate] 1 it. e RI R1’. For t.hi s part icml ar case, i t may evan make sc>rlsc’ tc)
bui 1 c1 a rc>cc:i ver wj th hi cjher sensi t.ivi t.y t.o reduce the sat.el 1 itc? ll:l}<l’.
3 t wc]u)d prc)bab]y cost $10-$40 t.o incrc!ase the! recc?iver sc!nsit ivi t.y
abcjut. 2 ciII beyond the base-] i nc design. It. WC)U1 d be t.cchnica]  1 y vc’ry
cii f f i CU1 t.  to improve the. per formanc,c  of the mobi 1 e receiver muc}) mc)rc!
t }1:]]1 2 c~I\ bC?yOnd t.h C base?-] i nc! Ci.QSi gn Unl 0ss a 1 owor rat-c! c} Iannc?l cc)de
i s used i nst.cad c~f’ the rate 3/2 const.rai nt ‘i 1 ength convol ut j onal ccxiic!
usc!d i n the 1 i nk budget cal CUI at. ions. I’he ongoing work i n the IIIIS-R
Rc?cc’jvcr  IJeVCl opment. ‘l’ask [ 4 ] indi cates that rate 1/3 const.rai nt.
1 onc;t II ‘1 convolut. i onal code outperforms the simi 1 ar rate 1/2 by a
C!c)up]  c’ of dI\l s i n mobi 1 e channe]  s wi th cxtensjve  j nt. ermi ttent. shc)rt
Si qna] b] c)ckagc!s . II f2ncc!, j t- i s c?xpc?ct. ed that. a mobi 1 c? rc”cc?jvc!r wi th a
rat. c’ 1/3 code. wi 1 1 rclqui re. a smal ) er 1 ink marcji n than c)ne wi th a rate
~/~ (at t.hc C? XpeJISe of rough] y %50 more bandwidth) . It. i s antic ipat.c!d
t hat hc)t.h cc~de rates w i 11 be i mpl cnnc?nted i n the prototype I>}\S–R
recei vc!r [ 4 ] ancl fic!lcl t.c’s~c!d. g’hc: rc?su]t.s, whc?n avai 1 ab] c“, call bc!
usc!d t.o provi de a tradc:c)f f be.twe.en space-segment. cost vc!rs.us s,pect. rum
recjui rement.s for the t.wc) code? ratc!s.

As a t.hi rd c;xampl c we 1 ook at a 1)11 S--1< system with 20 M recei vers
and 90 Cl>-cjua] j t.y e.hannc!] s,. the per-receiver premium of $ 3 ‘/ i n t.hc!
:’jpac:c’ --segment i nvestmc!nt.  i s in the same range as $30-$40 c?st imat.e i n
c:c)st savj ngs i n prc)clur.ti  on of’ each rc’cciver fc)r a 3 d}] increase i n the’
:;at.c’l 1 i to F:] RI’. On t-he basis of this rc)ugh tradeoff, thc~ base!-1 i nc
1:1 R]’ wj 11 be nc!ar optjmum for t.his case; a f“iner trade c~i-f can bc~ made
C)III y whc!n the I)lW-R Receivc:r Devel opmc!nt. ~’ask has been compl et.ed.

Fc)r some app] icati ons, space-sc:cjment. costs cannot- be cc)mpared i n
par wi t.h rccc>iver manuf acturinq costs. 1 f t.hc~ two cat. egori es c)f cost s
nec!d t.o he di f f erently wei ghted, the comparj  sons made above shou] c1 bc
mcxli f i C.CI ac:cordi ngl y, al though the separate cost trades for recej ver
a 1) c1 Space? -s, egment as a function of sate] 1 it. e EJ RI’ would stj 1 1 be
valid.

F’j nal 1 y oncz s,hou] d nc)te that thcz quantit ative rcsu] t.s, given abc)vc.
:1 rc’ va] j cj c)n]y for S- Nancl DIJS-R. A sc!parat. e but simi 1 ar traclc!c)f  f
anal ysi s, WC)UI d be required for 1,-~~and DBS-R.

SUMMARY AND CON CI,US] ONS

An undc’rstancii  ng of’ optimum chc)i cc of sat.  el 1 i tc HIRI’ for 1)11 S- R
unc]er  varj ous servi cc requi rements is a crjtjcal jssuc? at this, time?



w}len CC] R j s SO I j citj ng i nput j n preparati ons for the 1 ~’LJ p] anni ng
cc)nf erence f’c>r the servj cc.

1 n summary the per channe] El RI’ for opt.j mum bal ancc betwec!n
spa c. c.- c-.>ecjmerrt i nvestment ancl receiver manufacturincj  cost depends c)n
t.l]e nurnbcr of receivers anti the number of program channel s. ‘J’he
f c)] 1 owing findings are tentative and wi 11 be updated when the I)l{S-R
Rccej ver ~’ask has been compl et. ed:

. For a t.ypi cal S-l;and DIIS-R system with 90 r-lea r-CD-qual  i t.y
Channe] s and 20 M receivers, the base--l inc. 1:1 RI) of E~O.8 dIWJ per
3–cic?cjrc?e spot-beam appc!ars to be near optimum.

. I f the number of receivers are sign-i ficant.1 y 1 css than above, say
arc)und 2 M, then i t. WOU1 d be aclvant.ageous to i ncrease the
rc!ceiver- s,en.sj tivi ty to rcclucc the sat, el 1 i t,e E] RP. Howc?ver i t
would be very di ffi cult to increase t,he receiver sensit. jvj ty
beyoncl around 2 dB from the base-l i ne dc!si gn wi thout reduci ncj the!
channc?] coding rat, e (and hence the spectrum eff’icicncy  c]f the
system) .

. 1 f the number of’ program channels is reduced say from 90 t.c) 30
near -C I)-qual ity channc!] s., w; th a I arcje number c)f receiver s,, ?. t] y
20 M, then it. WOU1 d make! sense t.o i ncrease the per channel 1;11<1’
t c) a] ] C)W a ] ower G/l’ fc)r rccejver front-end to reduce recei ver
Cc)s>t.  . ~ihe increase i n sate] ) ite EIRP should be 1 imi t.ecl t.o rc~uqh] y
3 ci}l over the base-1 i ne clc’sign, as the cost. savi nqs i n rc’c~eiver
manuf’acturi  ng wi 1 1 hi t. di mi ni shi ng ret,urns, beyoncl 3 dll increase
j n the per c:hannc) E] 11P.

‘J’he rc’search described i n this paper was carri cd out by the Jet
l)rc)pu] sj on I laboratory, Cal i forni a lnsti tute of ‘1’~chnol  ogy, and was
~,pc)n::c)rcld by t,h~. Voi e.e. of Amcri ca/ U. S. 3nformati on Agency through an
acjrecmc?nt. wi th the Nat. j ona] Aeronaut.i CS, and Space Adrnj ni st rat. i on.
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Figure 2.a Space-segment investment as a function of per channel E!RP.  (Number of
program channels, C, and number of receWers.R, are running parameters).
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Figure 2.b Space-segment
program channels. C,

investment as a function of per channel EIRP. (Number of
and number of receivers, l?. are running parameters)
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Figure 2.c Space-segment investment as a function of per channel EIRP. (Number of
program channels, C, and number of receivers. F?, are running parameters).
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Figure 3.a Increase in space-segment investment to allow  higher EIRP than the baseline
design. (Number of program channels, C, and number of receivers, R, are running

parameters).
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