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Thi s paper 1 ooks at the bal anew between receiver compl exity anti
the requi red satel 1 ite RIRP for Direct. Broadcast Satel 1 i te-Radi o (DBS-
R) scrvice. 1 n genecral the requi red receiver compl exi ty and costcan
be reduced at the expense of’ higher space-segnent cost by al 1 owm ng a
hi gher sat el 1ite BIRP. The tradeoff outcome i S sensi tive to the total
number of anti cipat ed receivers i n a given service area, the number of
audi 0 prog rams , and the requi red audi o gqual ity. An understandi ng Of
op timum choi ce of sat el 1 i te k1 RP fOr DBS-R under vari ous servi ce
requi rements iS a crit ical i ssue at. thi s time when CCIR is sol i citing
i nput i n preparations for the 11U p] anni ng conference for the service.

1. 1 NTRODUCTI ON

There has. been consi derabl e | nternationalef f ort i nt he arcas of
sys t em Studieg v system devel opment and regul atory Work for a Broadcast
Sat 1 1 1 te Servi ce Sound. An inportant. successful i nternati onal
m 1 estone was the 1992 Wrld Admini st rative Radi 0 Con ference (WAR C-92)
al 1 ocationof 1,- and S- band spect rum for thi s service [ 1] . The Federal
Communi cat. i on Commi ssion (FCC)i S active] y perusing the regul at. ory
| ssucs for the commerci ali ntroduct j on of thig service in theS-Band
(2.330-2.360 cnz) allocated at. warc-92 for the U'S. Several compani es
have filed appl ications before the FCC to provi de thi s type of servi ce

[2].

There i S an i nt eragency agreenment. between Vvoi ce of Aneri ca (VOA)
and Nat i onal Acronauti cs and Spac ¢ Adm ni strati on (NASA) f or a
coordi nat ed program on DBS-R. Thi s programi ncl udes seven tasks:
Syst ems Trade-of fs Study, Propagati on Measurements, Satelli te
Experi ment ant] Demonst rat i on, Receiver Devel opment, Market Studi es,
Regul at ory St udi es, and WARC Preparati ons . A 1 Tasks except for the
ongoi ng Receid ver Devel opnent have been conpl et ed.

Thi s paper 1 ooks at the bal ante between receiver compl exi ty ant]
the requi red sate] 1i te r1 RP for DBS-R servi ce. | n general t he requi red
receiver sensi tivi ty and cost can be reduced at the expense of hi gher
space~-segment cost. by al lowing a higher satel 11 te EI RP. The f | ndi ngs
of a compl eted System Tradeof f Study [ 3 ] and an ongoi ng DBS-R Receiver
Devel opment Task [4 ] are used to quanti fy the tradeof fs between the
space-segment and the consumer rceceiver conplexity as the satel ] 1 te
11 RP IS varied. A nunber of other paraneters (the anti ci pat ed nunber



of receivers in the service area , audio qua] ity, and the nunber of
broadcast prograns) are treated as runni ng vari ah] es.

11. THE_ BASE-LINE DBS-R SYSTHEM

The base-1 ine system i s based on the f indings of’ the Systens
Tradeof fs Study Task [ 3] . The El’ask covered a technical st udy with
rcl at. ed tradeof f anal ysis to identi fy and define vi able system opt i ons
for sat. €11it e broadcasting of radio and its recepti on by consumer type
digital radios . A range of’ capacity, coverage, and audi 0 quali ty
regui rements were cons i dered for both portabl e and nmobi 1 e reception i n
rural , sSuburban, and urban areas. 1 nportant system i ssues considered
i nclude: state of the art digit al audio coding, propagation
consi derati ons for mobi 1l e and i ndoor portabl e recept i on, power and
bandwi dth ef {1 ¢i ent channel codi ng anti modul ati on techni gques, anti
nu] tipath signal 1ing and diversity techniques, and final 1y space-
segment t echnol ogy and cost for DBS-R.

11 .1 1)1 g1 9AL B 7 RATE ANL) AUDI O QUALT TY FOR DBS - 1<

Based on the status of audio codi ng technol ogy, the! foll owi ng
grades of audi o qual i ty and bit rat es have been ident i f ied [ 3] for
DB S-R appl icati ons:

Digital broadcasting of monophoni ¢ audio wit, h bit rates i n
the 16 kbps to 32 kbps range: with subjective audi o quali ty
comparabl e to AM broadcast i ng.

Digital broadcast ing of monophonic audio with bit. rat es in
the 48 kbps to 64 kbps range with subject. ive audi o qual i ty
comparabl e t0 monophoni ¢ ¥M broadcast. i ng.

. Digital broadcasting of stereophonic audio with bit_rates in
the 64-96 kbps range wi th subjective! audi 0 qualit. y
comparabl ¢ to stereophoni ¢ ¥M broadcast ng.

Digital broadcas ting of st ercophonic audi 0 with bit rates in
the 96- 328 kbps range wi th subject ive audio qualit y near to
ste reophoni ¢ ¢h qua) it.y.

Digit al broadcast ing of stereophonic audi 0 with bit. rates in
the 128-160 kbps range with subjective audi 0 qua] i Ly
approachi ng stereophoni ¢ Ch qua] ity.

Digital broadcasting of stereophoni ¢ audio with bit. rates i n
the 360-392 kbps range wi th subjecti ve audi 0 qual i ty
comparabl e t0 stereophoni ¢ Ch qual i t.y.

11.2. TYPI CAI.DBS-R 1.1 NK BUDGETS

Tabl ¢ 1 gives typi cal DBS-R 1ink budgets for mobi 1l e and i ndoor
portabl ¢ recepti on of one near-CD qua] i ty audi o program at a frcquency
of 2.35 GHz USiNg a radi ated R¥F powe r of” 40.5 watts over a 3-degrece
spot. ~beam resul ting in an k1 RP of 50.8 dBW. The mobile 1ink margin of
6.6 dAB 1 S appropri ate for mobi 1 e recepti on i n rural and suburban



arcas , mobi 1l e recepti on in urban arcas woul d requi re ei ther
terrestrial boosters or hi gher EI Rp spot. -beans. The portabl ¢ 1 i nk
margin of 12.9aBis suf f icientf or i ndoor recept i on i n nost. houses.

7o avoid prohibitive 1ink margins for port. abl e recepti on i nside

bui l di ngs with | arge penctrati on 1 0ss (more than the 1 ink margin) , the
fol 1 owi ng neasures can be taken:

Attach an antenna to the inside or outside of a w ndow,
Use hi gher gai n antennas for tab] e-top radi os,

1)1 ace the radio in a 1 ocat i on of’ a signal peak of’ the indoor
s1 andi ng waves.

The nmobi 1 e 11 nk budget, is based on a mobil e receiver with a G/7
of -19.0 dB/K and a near coherent demodul ator wi th soft. Vi terhi
decodi ng conbi ned W th extensive t I me i nterleavi ng tom tigate
i nt ermi ttent si gnal bl ockage due to roadsi de objects. The portabl e
recepti on 11 nk budget. is based on a tab] e-top portabl e receiver wi th a
G/Tvalue of =14 .-/ dB/K. The devel opment of prot otype receivers wi th
such performance objectives i s the subject of a conpanion pape r at.
thi s conference [ 4] . 1 n general the requi red receiver sensit ivit y and
cost can be reduc ed at the expens e of higher space-segnment cost by
a] 1 ow ng a highersatelli te ¥1RP., Such a tradeoff woul a make sense i f
the addi ti onal space-segnment i nvestment prorat cd over the nunber of
reccivers is nore than of fset by the savi ngs i n the cost of the
receiver. tirst we wi ll look at the vari ati on of the space -—segment
cost as function of satel 1l ite El RPp.

111. SPACE-SEGMENT COST TRADFOFFS VERSUS RECEIVER COMPIEXITY AS A
FUNCTION OF SATEITLITE F1RP VARIATION FOR TYPICAI, S-BAND DBS-R SYSTEMS

The variation of satel 1l ite si ze and cost for DBS-R servi ces have
been al ready reported [ 3] . ¥igure 1 shows the space-segnent i nvestment
as a functi on of the requi reel down-1 i nk RF power for an $- Band DBS-R
syst em W th 3-degree spot -beans.

The base- 1 1 ne per programsatel 1 i te RF power requi rement. for
broadcasti ng one 128 kbps di gi tal audi o program over onec 3-degree
spot. ~beam has been given i n tabl e 1 as 40.5 Watts for a nom nal kI RP
of 50.8 dBw. Down-1 ink RF power requirements for other digital audio
rat es can be estimated by not. i ng that the needed RF power i s
proport i onal to the digi tal audi 0 rate . The total RF power can be then
est i mat ed by summi ng the power requi rement for each channe 1. ‘rinal 1y
t he t ot al R¥F power can be used in conjunction wth Figure 1t o
est imate the space -segment | nvestment.

IFigure 2 shows t he vari ati on of space-scgnent i nvestment
(prorated over the number of receivers) as a function of the per
channel E1 RP. The number of program channel S and receivers arc { rest. ecl
as runni ng paraneters, covering a range of 30-150 near- CD-qgual ity
char-l nels and 2-20 M receivers. As expected, the prorated space-segnent.
cost is inverselyproport.ions] to the nunber of receivers. ¥ror the
ba se- 11 ne wirp, the prorated i nvestment cost vari es froms$7o to $v as
1 he number of recei vers go from2 Mto 20 Mi f the total number of




program channel S i S 30. The space - segment 1 nves tment 1 ncreases with
1 he nunber of program channel S. As an exampl ¢, when the nunber of
program channel S i S i ncreased to “/0 from the earl i er exampl ¢ of 30
channel s, the prorated (over the nunber of receivers) space -segment
I nvestment ranges from $17 ( 20 M receivers) to $170 (2 M receivers) .

The vari ati on of prorated space-segnent investment as a functi on
of ¥1 RpP al so f 0] 1 ows the same trends as the absol ute cost s di scussed
above W th respect to t-he, nunber of program channel s and the nunber of
rec eive rs. For exampl e the per-receiver increase i n the space--segnent
I nves tment for @ 3 @B | ncrease | N the KIRP over t he base-11 ne syst cn
is typ ically $ 6.2 (20 M receivers, 30 channels) , $ 62 (2 M receivers,

30 channels), $ 17 (20 M receivers, 90 channels) , and $ 170 (2 M
rec eivers , 90 channels) . Figure 3 shows a detai 1 ed picture of the
i ncremental | ncreas e I n the Space-Segment i nvestment (prorat ed©ver

t he number of recei vers) over the base-]ine systemas the sat, e] 1ite
E1 RP is | ncreased 1, 2, and 3 aB over t-he base-1 i ne Kl RP.

Next we exam ne how a 3 dB increase in sat el 1ite E1 RP over the
basce-11 ne design can be used t0 ] ower the cost of the receiver. Fi rst.
1ctus iden tif y those parts of the base-1 ine receiver design where
pol enti al cost savings are ] ikely to be real ized if the satel ) ite B1 RP
iss 1 ncreased say by 3 dB.

1. 1 n the base-| ine design, the mobi le receiver 's front. end has a
G/T of =19 dB/K, with an antenna gai n of 4.5 dBi and a tot al
system noi se tenperature of 224 K (-23 .5 dBK) . A 3 dB increasci s
sat ¢11ite KIRPW 11 al 1ow a lower cost f rent. enda with a G0 of -
22 ap/K ( f or exampl ¢ an antenna gai n of 3 dBi and sys tem noi se
temperature of 317 K)

2. in the base-1ine design, the tab] e-top portabl e receiver * s front
end has a G’ of -14.7dB/K, with an antenna gain of 12 dBi ané a
tot al system noise temperature of 470 K (-26. -1 dBK) . A 3 adn

increase i S satelli te K1IRP W 1)al 3owa 1l ower cost front end wi th
a G/T of -17 .7 aB/K (for example an antenna gain of 10 dBi and
system noi se temperature of 589 K)

3. The signal processing port i ons of the receiver can be simpli fied
at t he expense of hi gher Eb/No requi rements, for exampl e:

3a. the near coherent. demodul ator can be changed t o di f ferenti al
det ecti on for the nobi le receiver,

.b. soft deci Si on decodi ng can be changed to hard dec i sion
decodi ng to save. on de-int erl eaver menory.

w

0f the possi b) e opti ons to decrease receiver cost at. thel expense
ol hi gher satelli te E1RP, 1 tlems 1 and 2 above, namelvy ] oweri ng the G/
Value’s. of the f rent ends of the nbbi 1 e. and port. abl ¢ re ceivers , arc the
most promi si ng candidates. The actual cost di fferenti al i n the
manuf acture of each sinpler receiver i s est. imwmated tobei n the rough
range of $10-3$40, a better estimate can be obtai ned after t hc! ongoi ng
DBS-R receiver devel opment Task [ 4] has been compl et ed.




Finally we like to conpare! the saving in the receiver cost versus
the increase I n space- segmnent cost when the satel 11 te K1 RP IS

i ncreased from the base-1i ne val ye . The outcone of the compari son
d epe nd s st rongl y on the number of re cei ver s anti the nunber of progranm
chanmel s . For a system W th 20 M rececivers anti 30 near -Ch-gual i ty

channel s, the per-receciver premium of $ 6.2 in the space-segment
i nvest ment | S more than offset in the 1 ower per receiver manufacturi ng
cost of $30-3$40 for a 3 @B increase in the satel 1 ite KIRP.

on the other hand, for a systemwth 2 Mreceivers and 90 near --
Ch- qua] i ty channel S, the per-receiver i ncrease of $1“?0 i n the space -
segment | nvestment cannot be -just. i f ied by the 1 oweri ng the per
recei ver manufacture ng cos t by $10-$40 for a 3 dB increcase in the
sate] 1it. e ¥1RP. For thi s part icul ar case, i t may even make sense to
bui 1 d a recei ver wi th hi gher sensi tivi ty to reduce the satel 1 ite BIRP.
3 1 would prohably cost $10-$40 to increase the! receiver sensit ivi ty

about 2 dB beyond the base-11i ne design. |t. woul d be technical 1y very
di {ficul t. to improve the. per formance of the mobile receiver much more
than2dbBbeyondthe base?-] i nc! desi gn unl ess a 1 ower rate clannel code

i = used I nstead of the rate 1/2 constrai nt 7 1 ength convol ut i onal code
used i N the 1 i nk budget cal cul at. ions. 7The ongoing work i n the DBS-R
Recciver Devel opnent Task [ 4 ] indi cates that rate 1/3 constrai nt.

1 engt h 7 convolut i onal code outperforms the sim 1 ar rate 1/2 by a
coupl ¢ of dAB' s i n mobi le channels wi th extensiveint ermi ttent. short
signalplockages . H ence, it is expect ed that a nobi 1 ¢ receiver W th a
rat. ¢ 1/3 code W 1 1 require a smaller 1ink margi n than one wi th a rate
1/2 (at the e xpense of rough] y %0 nore bandwidth) . It. i s anti cipated
t hat both code rates wi 11 be i npl emented i n the prototype DRS-R
receiver [4]and field tested. The results, when avai 1 abl ¢, can be
usced to provi de a tradcof f between space-segnment. cost versus spect rum
requi rements for the two code rates.

As a third exampl ¢ we 1 ook at a DB S-R system With 20 M recei vers
and 90 ¢h-qgual i ty channel s. the per-receiver premiumof $31°‘/ i n the
space--segment i nvestment i S in the same range as $30-$40 est imate in
cost savi ngs i n producti on of’ each receiver for a 3 dB increase i n the
satel 11 te BIRP. On the basis of this rough tradeoff, the base!-1 i nc
1 RP wi 1l be near optimum for t.his case; a finer trade off can be made
onl y when the DBS-R Receiver Devel opment Task has been compl eted.

For some appl icati ons, space-sc:cjnent. costs cannot be compared i n
par W th receiver manuf acturing costs. 1 f the two cat. egori es of cost s
need to be di f f crently wei ghted, the compari sons made above shouldbe
modi f I ¢d accordi ngly, al though the separate cost trades for recei ver
a nld_ dSpace?—s egment as a function of satell it e K1 RPp would stil 1l be
val i d.

¥inal 1 y one shoul d note that the gquantit ative resul ts given above
arc val] idonly for S- Band DBS~R. A separat e but sim 1 ar tradcof f
anal ysi s woul d be required for 1-Band DBS-R.

SUMVARY AND coN ciusi ONS

An understandi ng of’ optimum choice of sat el liteRIRP for DBS- R
under vari oUS servi ce requi rements IS a critical issue at this time




when €CITR 18 SO icitinginput in preparati ons for the 1 10 p] anni ng
conf erence for the servi CC.

1 n summary the per channel E1 RP for opti mum bal ance between
sba ¢ e~ segment | nvestment and receiver manufacturing cost depends on
ithe number of receivers anti the nunber of program channel s. The
f o1 1 owing findings are tentative and wi 11 be updated when the DBS-R
Reced ver Task has been compl et ed:

For a typi cal S-Band DBS-R systemw th 90 nea r-Cbh-qual i ty
channel s and 20 Mreceivers, the base--1 inc. EI RP of 50.8 dBW per
3-degree Spot-beam appears t0 be near optinmm

| T the nunber of receivers are signi ficantly 1 ess than above, say
around 2 M theni t. wul d be advantageous t0o i ncrease the
receiver sensi tivi ty to reduce the sat el1i te EI RP. However i t
would be very di fficult to increase the receiver sensit ivity
beyond around 2 dB fromthe base-11 ne desi gn W thout reduci ng thel
c:hanrrmr)o.] coding rat ¢ (and hence the spectrum efficiency of the
systen) .

1 f the nunber of’ program channels is reduced say from90 to 30
near -C D-qual ity channel s, with al arge nunber of receiver rs, say
20 M then it. woul d make! sense to i ncrease the per channel E1Rp

t oallowal ower G|’ for receiver front-end to reduce recei ver
cost . The increase i n satel 1 ite KIRP should be 1im ted to roughly
3 dB over the base-1 | ne design, as the cost savi ngs i N receiver
manufacturing w 11 hi t di m ni shi ng returns beyond 3 dB increase
in the per channel EI RP.
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Space-segment investment as a function of radiated downlink RF power

Figure 1.
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Space-segment investment prorated over the number of

assumed rececivers, $

Figure 2.a Space-segment investment as a function of per channel EIRP. (Number of
program channels, C. and number of receivers,R, are running parameters).
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Space-segment investment prorated over the number of

assumed receivers, $

Figure 2.b Space-segment investment as a function of per channel EIRP. (Number of
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Space-segment investment prorated over the number of
assumed receivers, $

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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increase in space-segment investment prorated over
the number of assumed receivers, $

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
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TARLE . DBS-R LINK 3UDGET FOROMOSILE AND TA3LI-TOD PORT FREQUINCY OF 2.35 Gvz
for broadcasting one audio program over one 3-degree spot-be of about one million gouare mileg
OPSK modulation, R=1/2, Conv., code,
Coherent demodu'ation for portable recention  near coherent demodulation for mohile recention; soft decoding for both tymes of ~eception
Mohile Recen<tion . Portable Recention
AUDIO LINK BUDGET (DOWN-LINK) ’ VYean Value TOUL (+/-) Yean Value oL (+/-) Units Commen*s
DIGITAL AUDIC QUALITY (STERESCPHONIC) NEAR CD NEAR CD "
AUDID 81T RATE "28.00 "28.00 <bos
Xmitter power ner program 40,50 42.50 wates
Xmitter nower per nrogram 16.07 6. 07 dBW
Freouency 2.35 2.35 5¥z
Satellite anterna diametar 2.98 2.98 m
Sate!llite enterna gain 3.7 34.7° dssi
Sate'lite anterna beamwidth 3.00 3.00 deg
£IRp 50.79 5C.79 c3W
Erecuency 2.35 2.35 GHz
Satellite Slevation angle 30.00 3..0n deg
Slant Range 38687 38687 Km
Eree gpace loss 9,61 9.6 c8
Atmospheric losses .25 T.25 ?2.25 2.25 c3
Dointing loss .5 .25 2.5 .25 cz
Receiver noise temoerature, (Tndoors for Dortable recention) 224 470 K
Receiver Antenna gain 4.5 “2 g3
Receiver G/ -19.00 A -14.72 A ds/xK
C/No 68.03 72.31 dsvz
317 RATE 57.07 5°.07 foi:]
Eb/No available (heam center) 16.95 2 .24 cs
Theoretical Eb/No  for BER=" CE-4 3.30 3.30 cs
Degracation mohile chamne! 2.0C .52 n_nn iz}
Receiver ‘mplementation loss 1.50 2.50 *.50 .50 d3
Interference degracdation £.502 .57 .50 .52 ds
Receiver Eb/No Reguiremen+ 7.30 .87 5.30 .7 c3
AVATLABLE LINK MARGIN, UINE 2. SIGHT, Beam Center 9.65 “.52 "5.94 A ds3
AVAI!LABLE LINK WMARGIN, _INZ O. SIGYT Beam Edge 6.65 “.62 12.96 A 3 2&3
COMMENT 7 Yigher audio cua'ity may become nossible at thig bit rate due o omgoing work by industry
COMMENT 2. Direct mobile recention will be ‘easible in rural and suburbar areas

COMMENT 3. Direct incdoor table-top portable recention will be “easible in most houses
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