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ABSTRACT

VSATs(Very Small Aperture Terminals) have introduced new concepts in satellite business
communications and are typically used in a star network configuration to provide information di-
rectly to the user’s premise. The characteristics of this system are low earth station costs, easy in-
stallation, compact, and very high flexibility for a variety of applications (Credit Checks, Elec-
tronic Mail, Video Conferencing, Reservation System, Database Inquires, Order Entry, etc.). So,
the requests of VSAT service have considerably enlarged. The link design of a VSAT network
using Korea Sat. is discussed in this paper. This paper is intended to collect in a convient way the
principle formula and reference data necessary to make overall performance calcurations and to
calcurate antenna size, HPA power size and link margin of earth stations for satellite
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communications systems. Generally, because the antenna size of the Hub station in the VSAT sys-

tem is bigger than the Remote station, the method of power allocatidns of inbound and outbound

carriers is utilized in this paper. The size of Hub station and Remote station are assumed to be 3.

7m and 1.2m. respectively.
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Fi =Cu/Ci=n(1+1/r)/(n+1),
Fo= Car/Co= (14 1)/(n+1)
Ca\': (N]CI+N”C“)/(NI+N0) (312)

Qlubg 1o} o} Suhgrel FEWEL S 0|5 C/IM
o 2 (3133 ok

IM/CI G IM/Cav +Cav/CI = IM/Ca\ +FI (Inbound)
IM/Co = IM/Cas ~+ Cae/Co=1M/Cas + Fo (outbound)
(3.13)

Ab.oglgrel o)l wrdabde ) Zeddn el vk
sho) gz Es A

)]:?1 'g: 1\11”6‘—”}{4%% ‘:H ﬂ"ﬂ'ﬁ.‘-‘}H}gf {\1 (314)‘7";
B} Al 2hebrt,

LR RN R L

(N/C)t = (N/Chu total + (N/C)d total +IM/C

(3.14)
-z A7 o] Wl Q S ke Felst 9 A vl AL
gakiz o] whEatel] of ¢ & &4 5 (Intermodul-

ation) b C/IMy} . absbad s1o] vkl ) wo)
o o &} | &0, 9 QL sko] A x| W & o o
sowkgal o) B 230 C/IMS- FolbA »|ut 4. 6]
gre) =10 whguh o #gn)is stopAlv}, i Ab
.{s}dohil cpo] Wkl o) mSn) b abda o) S e
‘?‘ Foukgon of 7 C/Nt gho) Hohot
A (Point)oll A 9] 4 &A1 7] wl @ sLyho 1%

?M v»‘} 3.0 c;;»! Wo L (IPBO) & & A4 8kin vl

24
-4 C/IM
C/N 20
(dB)
i6 =
L
12 ya
Vi
—
8 — v
- — (C/N)d total
4 / ]
(C/N)u total
0 =] (C/N)t

IPBO 4 5 6 7 8(dB)
8 3. IPBOe whit 32 9f (C/N)t Al
Fig. 3. Optimal (C/N)t calculation to IPBO
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Gkl Aol S g ukeki ghebn
Bl it &4 0lzero) o] o] FA|x|ofof shir) g mivh4l
| 7Alabe- 21 (3150 9F vl

Link Margin= (C/N)t —Required C/N
—Terrestrial Interference Margin (3.15)

VSATH rol #1445
1dE Ao Ab8 A %
th <

B3 Abgot 4 las

N8 Tk AR ehizt
it ',' Wg vt g R A}

ol TWTA £89] =1
vloll th e g s ek vhit Al o] A A A
shabo) 3 4 olvh SrelreE MASk: VSATW 9
AFR-E] ool o ALRH TWTA &2 9] H|R-& Al
Abghi-zio] wFastuh VSATH e M AlFw i go}
71 9la] VSATw e ool ARg-R4 Alsbail 2
(3.16) #F ¢eh o714 Ry VSATWE 71

41 36MHz tho]%) tho}%e] Abg &0l Si, Soi-
2hzh Qlupfrzfopgubg-aie] vhel wkgatel oo A
ER(EIES
= 36MHz/(N-Si + S,) X 100% (3.16)
S A7 Wrzfobgubrs whgahd A
Pish P, 1213 57 M Qo] W Pric 4 (2.1)

(3.9) 7] 21 (3.17) % Yol Alstal, VSATH
FA/E] AHEAEE Ryt A (318 o] A4E

c}.

p, = 10! CEIRPs, Tfea)/10 3‘ P, =10 EIRPs. o/ca)/10 1'

Py 10" (3.17)
R, = (nX P, + P,)/P1x 100% (3.18)

V. 232 2

s o) steble e g (g Bow
T P P
A& 8] IPBOS $14E747] TWTA®9 H7 &7
dol M §atehn® (193 #a) stelom olnp g
of opgubg el dele ol olaiy Aue
Z7le] Al ohelvh oAt HPA “17]7h 9n
% masielch 1 9 “Lotus™ehs 58 ol

gsto] élskalvt
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1. MHAE 3 71

FARAE A% e YL TN gE o
St (E 1 #FF) B VSAT Al2de d454
WAl e) 548 F 34 2ol 7h skt

E 3 Ao 54 4L dielel 40 54
Table 3. Characterics of E/S and Data Transmission

2 =L 5 8w
; BPSK
| - 5K ]
i 1 /2 NRBF

(Inbound) 1(Outbou, J

T :647Kbps In/ Outbound)

A5 L‘LWRt | 128Kbps(In/Outbound)
i b foli% | 1536KHz(In/Outbound)
R Eb/NO BER) PZédBﬂQ; ). )@EQQJ.
ERes 3.6dB(10°7), 1.2dB(10 %)
Wi osds o 0. 2dB( £ )

7 TO!kﬂLHh‘Z\PR_ i jjn’K -
PP P JJ,HUb,,,_JidB‘%:i‘@]_)_W__ﬂ
- M‘ " |Remote | 0.5dB(572) .
R LNAHL{I—; 2.0dB{Hub, Remote)

I R
| &4 HPA®e® | 10dB

WA 394 BERS 1077 o) 8H( 754 7F
£ 0.043%, 3.76741 11 7} 5l w8 A s o BER
of ubel q-rEEe] st A thg ¥ S (C/N)t
- # 49 ik

o4 #rivpdel ¥ gk
Table 4. Target Value of Link Margin

WAlHE(%) | &7C/N
VBER (FSAITHE 07 ! (dB) ;,_jig/it,
Inhound 107 (97912000 | 36 | 36014
n und oo o e g e — -
o *10 P0.957(0.043) | 12 | 12014 |
Qutbound | 07 ; 97.91(2,09) 3.6 | 36014 |
utboun - —_ LT
1o & ;99 957(0.043) | 1.2 1.2 014 |

2. Aol Hot

vodadAdE 8 14739 AY ¢ 54 18 a
1y zol A 'ﬂﬁXMl bl A S o FA AR
ghubarel obeu} s17]3: 7F2k 3.7m, 1.2m7} A @ a)
o 9A hgo) 0.043%(3.767A1 (A d HFvuEA
2. QlupR-riv} 1.36dB, obfubgrivh L.62dBR A7
“liuh 1 VSAT @t 4 A1) 4 A 4t5e] obelu}
2717 3.7mol Al &3 ¥ AnpHlo] MAI 2] &g



#X/HMS5dolE e R VSAT S A9 e 351474

E4Ho] A7 o <tejrt 3 Al xglo] Yagle
o, 7F9ol 28 A% Q-5 o o] 4 A
HER ez dEyRol Alzdo] Hagich T
B VSAT™ ] AA5A 7] s AL H o E 8
4.4%°1 ALSH FA7] AHE& 45%0|t gad
Hel A= # 59 ¢}

Fuz B dAHA o3 JadAe Aol 9
0] VSATAI2H gadAe Axg viag 4 3l
=& MPR, Sat.System Engineering, Equatorial

¥ 5 Fadie] 4
Table 5. Results of Link Design

T18] 31 Scientific AtlantaAle] A MAANRE 6
off IS o7 M HAdAL A AbEhs ¢
Aol AR 9x f1Elm VSATA 4" 72350
upel b A e ¥ m=Rol A A S VSATA A9 &
APAANE TN E 702 HAIS dato]
t}. Sat. System EngineeringA}, Equatorial A} “18]
i Scientific AtlantaAle] VSAT Al 48] Qe|L}
F3H A2y AEgYa EEAo] ALHS yEks)

eF dAE AT

INBOUND(to Hub) QUTBOUND(to Renm. )
Required C/N(dB) 3.6(Clear), 1.2(Rain)|3.6(Clear), 1. 2(Rain)
SFD(dBW/m*) -89.0 ~89.0
Power Allocation 0,72(-1. 43dB) 0.28(-5.53dB)
Required E/S EIRP/XPDR|73.8dBW 73. 8dBW
UP LINX Clear {Up Down [Clear |Up Down
E/S EIRP(dBW)/carrier 46,0 [46.0 146.0 §50.3 |50.3 |50.3
Ant. Pointing Loss(dB)|-0.5 |-0.5 |-0.5 |-1.4 |-1.4 1|-1.4
Rain Loss(0.043%, dB) 0.0 1-8.7 0.0 0.0 |-8.7 (0.0 |
ITX E/S Ant., Gain(dB)
Rem. :1.2m, Hub:3,7m 42.8 |42.8 |42.8 |[52.6 |52.6 |52.6
Satellite G/T(dB/K) ]13.4 J13.4 [13.4 113.4 113.4 |13.4
C/Nu{dB) 28.3 [19.6 [28.3 [31.8 [23.1 [31.8 |
C/Nu total(dB) 13.8 5.0 13.8 [16.9 [8.2 16.9
E/S HPA Power(W) 2.3 2.3 2.3 8.4 8.4 8.4
IPBO of XPDR(dB) 4.5 4.5 4.5 4.5 4.5 4,5
DOWN LINK Clear [Up Down |Clear [Up Down
Satu, TWTA Power(dBW) {10.8 [10.8 |10.8 [10.8 |[10.8 |10.8
OPBO of XPDR(dB) 3.0 3.0 3.0 [3.0 {3.0 3.0
Sat, EIRP(dBW) 46,7 |38.0 |46.7 {45.8 |37.1 |45.8
Sat. EIRP(dBW)/Ca. 23.4 [14.7 (23.4 126.8 [18.1 [26.8
Rain Loss(0,043%, dB) [0.0 0.0 -7.5 10.0 {0.0 -7.5
lAnt Pointing Loss(dB) |-1.2 |-1.2 |-1.2 |-0.5 [-0.5 |-0.5
ﬂRX E/S Ant. Gain{dB) {51.5 |51.5 51.5 |[41.7 [41.7 |41.7
[E/S Ant.RX G/T(dB/) [25.3 [25.3 [23.4 [17.3 [17.3 |14.7
C/Nd(dB) 18.2 9.5 8.8 14.2 5.5 4.1
C/Nd total{dB) 17.6 [8.9 8,7 13.9 5.2 4.1
C/IM(Intermodulation) [19.9 [11.2 ]19.9 {23.3 |14.6 |23.3
C/Nt(dB) 11.3 2.6 7.0 11.5 2.8 3.5
LINK MARGIN{dB) 7.66 |1.36 |5.76 {7.92 [1.62 |2 33
Used BW/VSAT-net. (%) [3.9 0.6
Used Power/VSAT-net(%)[3.3 1.3
Total Used BW/VSAT-net(%) 4.4
otal Used Power/VSAT-net(%) [4.5
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Table 6. Link Design Results of Foreign VSAT System

INBOUND(to Hub) OUTBOUND(to Remote)
MPR Sat. Sys. |Equatoria |ScientificMPR Sat. Sys, [Equatoria (Scientific
Teltech |Eng. 1 Atlanta Teltech [Eng. 1 Atlanta

Target BER 107 107 107 107 107 107 107 107
Coding Rate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Info.Rate(Kbps) 66. 6 56 4.8 64 64 212 153.6 64
Requird C/N(dB) 56.6 6.2 N/A N/A 56.8 16,2 IN/A IN/A
SFD(dB¥/n’) -80.9 [-90.0 -85.0 -94,0 -80.9 |-90.0 -85.0 -94.0

DR EIRP(dBW) 48.5 142.0 42.0 41.0 48.5 |42.0 42.0 41.0

UP LINK

/S EIRP(dBW) 47.4  [64.9 39.3 43.8 50.0 |64.7 63. 34 52.9
Ant, Tracking NO NO NO NO YES YES YES YES
Pointing Loss N/A 0.21 0.2 N/A N/A 0.1 0.5 N/A
TX E/S Ant. (m) 1.8 1.8 1.2 1.8 4.5 8.1 6.8 7.0
TX Ant Gain(dB) [46.4 [46.7 43.5 46.6 54.3 [59.8 58.23 58. 5
Sat. G/T(dB/K) 1.9 -1, -3.0 -1.0 1.9 -1.0 -3.0 -1.0
/Nu total(dB) or 11.3 15.6
C/No total(dB/Hz) |64.0 s8.03 VA 66. 6 sz.o7 VA
E/S HPA Power(W) (1.3 1.0 1.0 1.0 5.6 00(UPC) [14.49 80(UPC)
IPBO(dB) 12.0 8.0 N/A N/A 12.0 |80 NZA N/A

DOWN LINK
Sat. EIRP(dBW) 48.5 |N/A 3,93 N/A 48.5 |N/A 27,97 N/A
Ant Pointing Loss 0.3 0.15 0.5 N/A 0.3 0.0 0.2 N/A
RX E/S Ant Gain,dB[53.1  |58.0 57.08 N/A 44.8  |45.0 43.2 N/A
IC/Nd total(dB) or 22.8 N/A 13.6 N/A
C/No total (dB/Hz) [62.6 59, 4 63.2 68. 92
C/Nt(dB or dB/Hz) [60.8 |8.5 52.7 N/A 60.6 9.2 68. 29 N/A
ILINK MARGIN(dB) [4.0 2.3 N/A N/A 4.0 3.2 N/A N/A
v.d 2 HEATIe) 49 228l VSATHS w48 5 o
B OVSATA 28 A &ulole} 448 Al ag)ow 3 02 9

CCIR®] Mulz @ &S WEshes AAsd)
QA A S ahel ol Aa T 30] Hpal
Wl 455 Yol e AL, SFDI —goldb

2ol A 914957712 IPBO A% 44 0] 4.5dBo]

o, luhgre/opgutdre] deg 2 0.72 (—1.43
dB)/0.28(—5.36dB) = &dstq “fil Ack ol <F
Hiv = Ha daeddo] glo] H4aku) Lhubat o]

Qtellvt =27+ 2tz 3.7m, 1.2mE A A o] &4
FozA relahedl ol gol glan "AwvbAe 4
S A 7hgo] 0.043%(3.767 A1 ¢H) ) Slupf-ri/op 8-
uh-& 12 7hz) 1.36dB/1.62dBE A AlF] 7] wjstol b
3 Al ek s A dlo] Al 2Ele] W
gith VSATHY A4 SA 72 AFSE 94945 4
4%01 31 AREFEl AH & 4.5%0]7] Witol 36MHz

1222

o1

. J.] Spilker,

. Kamilo Feher,

. Tri T.Ha,

. UNDP-ITU,

. MY Rhee,

“Digital Communications by Satel-
1977.
“Digital Communications, Satel-

lite,” Prentics-Hall Inc.,
lite/Farth Station Engineering,” Prentice Hall
Inc., 1983.

“Digital Satellite Communications,”

McGraw-Hill Company, 1990.

. CCIR, “Handbook on Satellite Communications

Fixed Satellite Service,” I'TU, Geneva, 1988.
“Networking of Test Development
Center Workshop on VSAT,” Jakarta, 1989.
“Error Correcting Coding Theory,”
McGraw-Hill Company, 1989.



%/ A&dolel A48 VSAT BAA & Ha4A

7. X.T.Vuong and F.S.Zimmermann, “Perform-
ance Analysis of Ku-Band VSAT Networks,”
IEEE Communications Magazine, Vol.26, No.5,
pp. 25-32, May, 1988.

# & W(Dae-lg Chang) %3¢

19881 2491 : g g n A AEA
B (F b

1990\ 24 : grfuista diebq] A
A%l g ah ) (FEhA
A

1990 29 ~ @A = HAFAA
T4 AAFAdTE
AgA7e

3= # A B ol : Channel Coding, Encryption $14%414]

# 8 ¥£(Doug N. Kim) A3
19524 9H 158 4%
1975% 28 : A ghdm A7 g
I &4
19814 124 :v% 7 & F YU (St-
ony Brook) A=} A
Abste] M5
19884 6H : ¥ % Auburnd] #=zt
&8 kAt
19884 OF ~ & A : 8hF AASNA A 4% A
Zoel 3 Aol
PR ~2HEY £ Array A3 HE, ML =
2EZ GAEA 9 olFFA Alxd 5

T RA ok 9B AN 2

% 7 ®(Jae Ick Choi) #H3HY
19813 : areiheta A A-Eeke) A}
1983'd : arejrh ki A Ak et A}
1983 ~ ¥ A R HAFANATA

SOEEX

1991 9¥ ~ A v En A

Zgstah vpAt
B FE

1223



