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Link Budget for KOREASAT Digital DBS System
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ABSTRACT

The digital satellite broadcasting system(DBS) has more benefit than the analog system. The system is able to serve various pro-
grams by means of accomodating multiple channel in a given transponder, so the DBS service is taken a growing interest by many
countries in the world. However, the system is presently being developed by just a few countries. In this paper, we study the link
budget for the KOREASAT DBS currently developing in Korea, and describe the performance of the DBS service.
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el £ datd stn dew, edF S AArIE Hol
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o A4e AEFoRA BARE FAA ¥yeld ¥
+ et
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E 1 12 GHz 99 £ o| 8% 94449 WARC-BS 7l 7§
Table 1. WARC-BS technical regulations for 12 GHz band.

F o2 WARC-BS 71¢ 712
A} 3] -
e Zupesu %3k 14.5-14.8 GHz
&8 11.7-12.0 GHz
Ad g & 27 MHz
Ad 4 19.18 MHz
B} A8k 40 dB
Y32 FYag B
&% 31 dB
) 4% 21 dB
cERELERED
&% 15 dB

EREe, Axde AME 23 298 TV AHEAY
g 8T A, 71E Anjaste] 843 9 #F Alag
st W Fo of# ohEst g ZF A dd. F
23 A8 A2de JAAY g8, F- PV
B3z 9 49 TV d48$He] a8 58 29
&l TDM 34 & A&

gAE TV A58 A4 A% A 8- 5z 2
2] ddeMe HA QM EAol neHojof ¢
o A4dAE Y AP e Fag AsETe $4A
Ao Ao WE MY o]§ Aol 4 melHolo}
gk, £ 9439 TWT(Traveling Wave Tube)
FE719 vy FAHoR A8t Ao A4 4
TE SN A AED A e YeseR o 4%
a2l W Bx wWael g pEd®. ofgd] A

& g £ARAA BE NTE AFstaof oz

oA FHo| dF Hz g A9 AAFHY
HE FR8F 18 Atgelt, webA, olst e 5AE
nAdte] MY Ago] Fatn Fodo] FTHEA Hm
g £714-44 94482 (Coherent-QPSK) W
£ A,
A4 AdeN TddE Ad 2Fde WYL F
(Random Error)® |32 #(Burst Error)2 %

4

E 2 HAE A49%F A2ge A% 4y

Table 2. Transmission specifications for digital DBS

system.
k'S E 5 A #
LA Coherent-QPSK
UBLI TS T8 AAY THET
LHARE T Y E AAY Viterbi 3%

vz 5 :Reed-Solomin

BER £#% 10"

FE &= (tF3 ¥F) 34.353 Mb/s
A & (04 ¥33 F) 42.6 Mb/s
Lol F2E HE 9% 21.3 MHz
e A&E 106.5%
roll-of 0.35
Ideal Ey/N, 6.4 dB
Ideal C/N 8.5 dB

¥ 5 slen, YAE H49%F Aladde LRl
&l A-P C/NolA QEF(Quasi Error Free)#t,
Z, 1072 BERE ZE% &7 98 o7 3% s
FFE Ad #3955 By AMEET, 9 2
FLH BE4E 7/He Add A48 4% A4 83
€t dALHF Y sYol 4% Y=-$2E B3
(Reed-Solomon Code)#t #ELF FA T8l ¥+
g AA/EF (Convolutional Code)E HEE AZ %
B3%-3 (Concatenated Code) W& A} &43c =
g eFA4F 8 P A8 A eFE WY
Y2 FMNA Fe ARE ZE Yol 129 AH
Ej2] 2 (Convolutional Interleaver)& A}&}™®,
E 2& YA E A449$ Alakle] A L deia
ek,

3. HXE H4YS ALY m2jolg

HAE NS A2de 4 ATF, A4 &
A7z FESHY, Zzte seely ga dAF 44
AE ol 83t FA AFIAAM ALAAR Y T F=A2
b AN NG FAVIAA e g Faztk 2AE
o 2 FEe dE F8 AvHE dvEd 953
2.

dm
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o UAE AAWE Alade 4 ER

OAE A%ES AR C/N o]delMe A3 &
FA EAE B vk obdEa e A
e 28 FAd g FAHY 7)FEe] A=z
o, dAE fAdEEe Afdle FAAA Fo] A
Felol A gk, auv, ¥ tAE wye g
(DVB) #4847 e £489 g B37) 28904
BERE 71Fo2 10" &€ 4 ¥4 ZX2 43sln
sith. oleld Al BA 2ZEE £4 33 39 Ay
#H7t 7189 FAAVEAALITU-R) A2k 500 2
Husk 562 Al Bt 5 BF F 4.5 57 o4y ¥
3% 342 AFE & Aok g B =FA4ME o]
E7FE BERZ 3o 2 Aol wE Aay g
25 gae AL H94Y 99.97 % B, &% YA A
%99 % 2 7138t 87 E,/N.(Required E,/N,)
& Agdd.

o 92 THatul g

A1 Faaeh FA ATe HAE v Mg
£ 71E22 m, AA4A $4 <telve 3 dB A A
XE #4719 A2 Azt FFe] [TUS F53
Ml ) Al g9 7 F99 A g9
gk, olo] mhE 13X stebole o) ghe ® 3R Mo o
7 Fa AEF e A7 d4Ae AY
(Slant Range) D& 4 ()3} Zo] $4 A3 1@
w4712 $12) getulg E ol gatd & 4 Yo

N

D= IF20R VI — cos 0 cos b 1

o714, R : A7 ¥4 =6378.16 km
H @ FAAZALT HxArtele] Ay =
35.786.30 km
f: 94 Ax - N AFF(FE F4) A
% (degree)
$ o FA AFF(Ee £4AU7)) 9% (degree)
g, FA A3V Avdte A Pae AF Fe
Mo Ast 43 AGAANM FANRE AFEe
g0l 2{FFF &4, FSLE 4 (2)& ol &l 73
o

FSL = 201og¢2E) + 20108 (F) + 20log () (2)

C
714, F © A8(Es 8% 3 Fo4 (MH2)
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¢ BF& = 3x10° m/sec

o 914 stetvlE

33 94 AN e o AL =E(C/THS
Y g dAHAMY T3k F7F WAL A (Saturated
EIRP (EOC)) & #43A9 HvEE o] &3t 3T
F A F A A O/ Taasenite®

C/Tsalelljte = SFDminimum +G/Tsatellite - G(lm’) (3)

A7V, SFD pinimum © H43A 9 SFD A28t
G/Taatenio * 14842 G/T
G(Im2) * 1m’ A oI5 = 10 logr—2—)
Afeeder-tink = sl

[t'eeder—link

B3 F0 AT 2 #4071 913 geeleel dig g
Table 3. Values of feeder station and receiver site para-

meter.

K = 54 %
RF Fa
eI E! 14.65 GHz
318 w3 11.85 GHz
A4 A
A4 Koreast
A4 HAx 7 116°
FA AT A4 0 A
FN A2E Ax T4 127.08°
F41 295 AR 859 37.59°
FA AT 1% 100 m
G/ Toransmit site=G/T(EOQC) 2 dB
%4l X173 Slant Range 37.419.18 km
FA A F= ¢ 44.9°
FA 7T L ez 17.7°
T F3A ARFL 4 207.2 dB
74171 A2
FA7 A% 7 128.20°
FA7] f= &9 40.10°
A 2% 100 m
EIRP,,ceivee EIRP(EOQOC) 0 dB
4417} Slant Range 37.635 km
FA7) g2t 41.9°
FA7) BAG e ZA 18.6°
B A3 ARFN &4 205.4 dB
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AN freegor-tink - 0% BAY AF Fo5
ojck. EF, W d4F FAHNMe] T Fr} HAF A
8, EIRP(EOC)E 4 (4)9 #rh?,

FAd Qe Alojele WRT5 Sut@o] Abgs
B, ot o gAHe &4 v

YL = ﬁ Y uras 7

EIRP(EOC) = 10108 (Papics) +Cutatits - Awsatita ()

AN, A8 TWT B8 Pujame = 120 W oln}, 71X & FATH} et Alel) AB(IFL)
AR reld o5 ¢ Gerenie = 40.79 dB ol yyrise =BT &4 A4S 13 dB/100 mE qe
AR A4 feed &4 AL = 2 dB ek,
A A AAF 2(3), (4o A A ST Eg, F4 A7Te F4 ¥3} AY Pl A FH
E 49 YeRAATH i 57F $AF AY EIRPre 4 () & 3¢ #
denm, FAGH Qe Atolo] HEHE =n{ &4
o ¥4 A7F seivlg 7irL. W branching ¥Eel 9% &4 74, ¥ AEY
4 AFFe) HulE 4 Gefve HAL 6.1 m (Coupler)el % A8 &4 yoppd 2 I,
2 AR, £49FH dHY Ate]d A
{(InterFacility Link)& #Hd 15 m2 71384,
12y ZFE7)9 282 P HEH A P2 A % branching 8 ¥ A &dd A& £4& ¥ ¥
A A2 HEEE HUF BASte Alad E4E A AT gt svE grEel B 5o et o
Astd Ao divigt 4% @3 A9 z2dH(Uplink o},
Power Control) 715€ z23ld Hd 1700 W =

EIRPr, = Pyt GuApiAcrre Aviteer (8)

ARG, AEe] ol 5 Gp 9w WY g H BWyy o F417] stgtulg
& <ty &3 eV JA DE olfsld 78 £ 4l ey A2 0.45 mE GAHI e,
o, FA7 AZE FE 9 Fu4 AP (Low Noise
Gr = 10logl 77 (Z2)7) )
E 5 FA A73 sepvige] i gt
Table 5. Values for feeder station parameter.
Bl =654 (6)
SHERER L RERESLIPEE PRE LS ¥ = e B
2 U e 23 6.1m
e B8 65%
G ol 5 57.6 dB
E 4. 914 deolele] oy 3 B Y% 0.22
Tabl'e 4, Values for satellite parameter. et N &4 1dB
IFL =53 WR75
@ 3 54 # Hd IFL A9 15 m
G/T (EOC) 12.4 dB/K Ay IFL &4 1.95 dB
C/T -129.4 dBW/K w3 el 1700W
714+ BW 27 MHz 32.3 dBW
2 SFD(with ALC) -97 dABW/m* 7 Branching ¥& &4 2.0 dB
#Ho SFD(with ALC) -82 dBW/m’ Tx Coupler &4 0.3 dB
H) EIRP(EQC) 59.6 dBW A EIRP 85.6 dABW
A TH 6.0° 0BO 3 dB
Hy Hew 1.0dB R REREETIC k) 3.7 dB
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Blockconverter)®l #& A4e 1.5 dBR @ﬁ]iﬂrﬁﬁ
ov, A AAdHD Qe AE FoAM Adgol $5F

< 0.8 dB 7A 7tEdttk. 41 g &?ﬂ% et
By o537 vt AY digZ22 41 QY oS3 u
Y A& AL o] fstd 7Y 4 g} F417)9)
Aes B TS AL gE& 33
4 (9) 9k B,

e TRCVRE

NEL

Tpcie = 290010 " - (9)

ANNAM NF, & #3271 &g Ao},

FA7) eV o5 O L 2% G/TE 4 (9
T FAV AL 259 Y FAE L5 Tanr U7
e CE Tapy. 28R Z99 W& FE &5 Tpaw
5 st 4 (10)§ o] &dtd 78 5 3l

G/Tclear skyy = Greve = 10 108(Trovet Tanrt Tary) (10
G/T(Ram) = Gpeve = 10 log(Trevrt Tanet Tram)

A7) stebelel A st sEteg Ad e g8 Al
€ #A7] getulEle] de ghZel ® 6o b 9l

Ak

9.
AR
45 2 54& 4d8Ee b Az wEd A
O

o Ku ool A8A 4% 244 FEE o7 s
G e Be o8 Func Aag A o a
Goe mAt 2R Aade) ge ﬂwg—g— g
371 e el olg A5l FALE Fe) o

E 6. 4471 stedolelo] i@ @

Table 6. Values for receiver parameter.

4 & 54 #
Stel vt A 0.45 m
eV B & 70%
St} o] & 33.4 dB
3dB W& 3.66°
T2 FeAF 1.5 dB
FA7l AE Ex 119.6° K
FAM7V G/T(clear sky) 10.9 dB/K
G271 G/T(rain) 9.0 dB/k
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2 EAstool @ W AAE R A 2% Adez
dE A% SaAdde A4S M Add 4300 ma
A RZe 448 Mulzdl A4¥ A% a9 o
Y NZE 99.97 %, B WA AL Hoy g
99 %9l HEEE RAFEE A ARl =@ Ay~
NS guatd.

A7t AE2gel #9ol o F4Hn 4o 2
AFE Fe Adste NBAe YuRon 4 (113

Zo] EIHTGY.
A(R) = aLR’ i
4714, A(R) : 2% ZER)IZ A% BdAYZ

2359 %}ﬁ]%(dB/km)
R : 2% Z=(mm/hr)
L: 7:}-?* A g FHehes HE2Z Pol(km)
g e S
4 (Do AME A2izkx gelolele Zdd uiet
GEA dA=EE, 449 83% £ A AZE 0.0]
%ell R 72 Zxeg st A Bde A
Ast ARe 2¥ 13 2oy, 7T IE 4o WE
23 A4E Mula A2 e Fol HE e
ol FolA®,

H, = (0.6+0.02($-20)) x(5.1-2. 15log(1+10'* ")) 12

2% woldlM AA-AZ Hol(Slant path)
I{slantpath‘t—:_ }’\] (13)0“1\'1 ‘?‘Q}C}(S).
2H,—h)

YR 03
I3

//\'mz/mm R

sing + ¢ sin ¢ + -7

% 1 AW Ao oA AR
Fig. 1. Wave propagation path of DBS.
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4714, R, = f& AT H7A = 8,500 km
h=ATF3e 93 #AAe Eol(km)
¢ = AFF 4z
B, AAM-ZHZ Hold W FAMY, L ©&e
4 (14)9 4 F8}s],

Lg = Hslantpath cos¥ (]4)
)‘]Zl'% 001 % 0“ tﬂi} —‘1;‘6‘ 7{'4: Rfactor\t-_
Ripactor = 90/(90+4L,) (18

ok, mebx, A9 Alb&el WF A+ AAFE It
71 Al 24 2% A AF A A= ¥ FHs 9
E ATE o/ £F 4 (16)F o839 S/AYT 2+
AHFE Pk, A 0.01 % o AT A5 FYF
2 4 (1IN ol &3] AT £ AR

y = k(Site Rain Rate) (16

ad7)4, Site Rain Rate : A T3] &3 I
G 0.01% F5+&

k=0.0327 «=1.149 @ 4% 33
k =0.0202, a=1.198 : &% &=
A0401 = stlantpathRfactor (17)

Azrgel ME AAF F ALE 1 %) AE Y
93 % s Yas) Ay FAE 4 AN AFE 2
deted 4 (182)% 2ol 78 4 9 B opet o
g AZE &, 0.01 %4 1 %% 2dshe B
AZHE 0.01 %2 HFoz HH A (18b)s ol
& AT,

0.2237 podertink Hutantpatn Rroor © 8% 32 1% 5 24
0. 217 downtinkHutantpath Bractor - 5V B3 1% 2% 24 (18a)
(feeder link 1% rain loss) 1 ppco-560.043tox »
“Bas npgd ww 2e 24 (18b)
AN, Vigegertior - BF HA DY AuT ¥ H
AF

Yaownink - ST B39 O AT Z FAF

x = 0.3x (unavailability)""

4% 329 #H449(worst
month)¢| 7H8%
T, s Aol g 4 A9 dF B Ee

unavailability :

og Held ¥ 4 U,
annual unavailability = ‘l-f—;g #365.25 < 24 < 60 (19

A5 A4 B4 8¥ HEE A8Y 733 4494F
Az @ ¢ 24 dedely gEL ® T4 ud
v A

o Ad 4

QY 2 FY Ad=rE I Ao nNe Y o
g wigg o 3w/ veRH ol WARC-
"77 % 88 9 Mg 71EVH g g B HivE
lEeg g & 233 45949 AMuiae 43 3
a9 &% gae gd Qg Y BEue $41 27
=9 Ho} EIRPQ 82 dBWE AM83tz, HAA
4 EIRPE ITU-RO $2¥ 63.6 dBWE A18%¢ 73
48 FA89enE ol alE ALt =P 9
Ad HAx FY Ad AT FLEA H L@ o
A, Fd Ad 2 A aAded dig g BHL 4
(20), 21)& ol &3t 7% £ U™,

Y Ad T4 -
4% 93 PR+EIRP fadortink ~OBOsis+ upcmEIRP ntargorence
&% YA PR+EIRPiite~OBOui EIRP pioriorence. @0
A Ad 24

4% g3 : PR+ f +EIRP jociieriine = OBO gy 1o
—EIRP ernce

WY B2 L PR 4 EIRP e~ OBO,
~EIRP 2

mnterferen e
oi71A . PR : A BEM|
EIRPreogorink = 8% 2% @3 A EIRP
OBOsgpiype © UPC & EHE ABAY F34 o
2y Box
EIRPiporforence - A 2159 AW &8 EIRP
- A% "3 e Y AR
EIRP= 82 dBW
- 3haF g3 e 34 9449 EIRP
£ 63.6 dBW
EIRPanive © 8% 9149 0 ¥ $4 EIRP
OBO,,; : 3% 914 OBO
—C—: 4471 3898 PN C/L

orcvr
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7. 73% 24 54 gig i
Table 7. Values for rain attenuation.

E 8 ACI & CCIel oi@ C/1 %

5 E A
ki = =8 & Table 8. Values for C/1.
Rain Region M
0.01% %€ 63 mm/hr R | =aa
7he g e 1% TEAd
3 A 1% A% 24 3.74 dB 48 g A CCI (clear sky) 36.9 dB
St 93 1% % 2 2.80 dB 8% @3 CCI (clear sky) 30.0 dB
4% 92 Aoy 0.03% Q3 A
3% P 7S 14 20.97 dB 3% @3 ACI (clear sky) 28.4 dB
Clouds & 2% 133°K 3% &3 ACI (clear sky) 24.5 dB
Rain #&42= 124°K
Clear sky #&2% 27K
E 9 A% d3a g2 44
Table 9. Link budget for Feeder link.
Clear Sky Rain
(1% of w.m) (0.03% of w.m)
Tx Saturated Power 32.3 dBW 32.3 dBW 32.3 dBW
Tx OBO (Modulated cxr) -3.0 dB -3.0 dB -3.0 dB
Tx IFL loss -2.0 dB -2.0dB -2.0dB
Net. Branching filter
loss -2.0 dB -2.0dB -2.0 dB
Tx Coupler loss --0.3 dB -0.3 dB -0.3 dB
Uplink Power Control -3.7 dB 0.0dB 0.0dB
Tx Antenna gain 57.6 dB 57.6 dB 57.6 dB
EIRP 78.9 dBW 82.6 dBW 82.6 dBW
Ant. Pointing Loss -1.0 dB ~-1.0 dB -1.0 dB
Free Space Loss -207.2 dB -207.2 dB -207.2 dB
Atmospheric Absorption -0.40 dB -0.40 dB -0.40 dB
Rain Loss -3.70 dB -21.0dB
Satellite G/T 14.4 dB/K 14.4 dB/K 14.4 dB/K
Carrier C/T -115.3 dBW/K -115.4 dBW/K -132.6 dBW/K
Satellite C/T -129.4 dBW/K -129.4 dBW/K --129.4 dBW/K
ALC Attenuation 14.0 dB 14.0 dB 0.0 dB
Input Back Off 1.0 dB 1.0 dB 4.2 dB
C/No (Thermal) 113.3 dB-Hz 113.2 dB-Hz 96.0 dB-Hz
C/N (Thermal) 40.0 dB 39.9 dB 22.7dB
Interference
CCl 36.9 dB
ACI 28.4 dB
C/(N+I) of 99% w.m 27.6 dB
2520
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E 10. 3% 3329 J2 44

Table 10. Link budget for down link.

Tx Saturated EIRP
Tx OBO (Modulated Cxr)

EIRP

Ant. Pointing Loss
Free Space Loss
Atmospheric Absorption
Rain Loss

Terminal G/T

Rx Carrier C/T

C/No (Thermal)

C/N (Thermal)

Interference
ccCl
ACI

Total link C/No
Total link C/N

99% Downlink C/N
Uplink impairment margin
99% w.m Link C/N

99% w.m Link C/(N+I)

Required C/N
Margin Allocations:

Uplink HPA ISI
Satellite IMUX/OMUX ISI
Satellite HPA ISI

Phase Noise
Modem

Total Margin Allocations(RSS)

Link Threshold

Excess Margin (Clear Sky)
Excess Margin (Rain)

Clear Sky Rain( 1% of worst
month)
59.6 dBW 59.6 dB
-0.6 dB -0.6 dB
9.0 dBW 59.0 dBW
-0.5 dB -0.5 dB
~-205.4 dB -205.4 dB
-0.15 dB -0.15 dB
~-2.8 dB
10.9 dB/K 9.0 dB/K
-136.2 dBW/K ~140.9 dBW/K
92.4 dB-Hz 87.7 dB-Hz
19.1 dB 14.4 dB
30.0 dB
24.5 dB
92.3 dB-Hz 87.7 dB-Hz
19.0 dB 14.4 dB
14.4 dB
0.5 dB
13.9dB
13.3dB
8.5 dB
0.5 dB
1.2dB
0.8dB
1.3dB
0.2dB
1.5dB
3.3 dB (Root Sum Square)
11.8 dB
7.3 dB
1.5dB

A- Ad 9 FY Ade AP Ad Y 2

2 \bro] A, 93 shale] 0 ool HES T

zﬂlé B.‘!H} Aol
Y3 4A % 24

2 AelMe A 1 A A steoieg ol &3t
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Table 12. Link excess margins for receiver sites.
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