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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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12) 2 7B} A et

L/ A EHTolel HER VSAT $2lr 280} 144

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

QIuhg 1o} o} Suihgrie] FuEG Sl 0|5 C/IM
o 2 (3133 ok

IM/CI G IM/Cav +Cav/CI = IM/Ca\ +FI (Inbound)
IM/Co = IM/Ca + Cae/Co=IM/Cuy + F, (outbound)
(3.13)

Aboalgrel o)l wrdabde ) #e-xdadv) el kg
R EESLEE

Fol & whgubdy o ﬂ-ﬂﬁ»!r*}% 2 (3.14) =
¥ Al

]"”H M ;\])\[1 o] A .‘1 1]

(N/C)t = (N/Chu total + (N/C)d total +IM/C
(3.14)

A A7 o] W ST ke FAst A S V] E AL
Eahis o] wrgatel of ¢ &l F % (Intermodul-
ation) 3 C/IM¥} AF-shgkdd 7o wbgul ] o)
o A&E v Afidl, W Lke]l HAXH En kel o
gk vbgab o) S g C/AIMP: FopA Ayt - st
skajrio] WkE b of FHgwlac stopxlul, tefrial 4
cehaFy sio] Wk o Fhgnl ek whgal o Evlet
Sl ol ?‘ & okt o ) C/Nt kel Hefvh
Wiz 13 (Point) ol A 145771 Mo ighs 214
ek T 3891 Mo sL(IPBO) gk A 4 sk v

48 190 1k

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)
O 3 IPBOe w2 of (C/Nt Axt
Fig. 3. Optimal (C/N)t calculation to IPBO
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b sl o] kg g vkeki: bebn|
tli a4 Olzero) o] ol x| s|ofof s vkl
| Al ake- 2 (3.15) 9F ¢k

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

VSATH ol A1 EA 1 Skl 4ol
ATl AP A o A v g

42t dlel% o TWTA #e
el U g sk o ain o] el Y
ghaba) 3 ¢ dvk Srejrie HAlskir VSATH 9
AF8-E ool vl A 8 E] TWTA Z¢e] H&S 7
Abali=zlo] Fasiul VSATW el MAfw s 48t
71 91sl VSATWS thold ARS8 5 Abshw 4
(3.16) 3 ¢roh o] V1A] Ry VSATW R &A1 7] (el

.QA z;l— ”’H A},,Q, <_>L

A 36MHz tf 915) el ¥ e] ARE-&olal Si, Soi-
zy elup g rifopfub 1] vhal whg el o ¢
| b elut

Ry = 36MHz/(N-S; + S,) x 100% (3.16)

FAZNN AL kg fobg kI o
Pis} P, 16151 37 M Aol W Priz 4 (2.1) 9
('SQ)”“-H 2 (3.17) b gro] Alsksh, VSATY

£ g AT Ry A (318) 3} (rol AN

g

c}.

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

| [ (3.17)
R, = (nX P, + P,)/P1x 100% (3.18)

V. 232 2

A AL 71 steboles AgE (g B

QA 4ol we MAsAE HHel WA
A& 918 IPBOS S14E77) TWTAS 47 % 7
Holl M ot s (CLel3 #2) stelon Qlnpgrs
of ofgubgiiel falg Adujiel ofafy Huie
Z/le] Apar gheLE 4 ik HPA 2471 7h ¥
% wAskelih 1 9AAA "Lotus"el: B8 o

gstod 4-élskal ot
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FAMAE A8 el B FaadS
Satda(® 1 F2) ¥ VSAT 2 2de dA$54
WA S48 8 34 o] Thskelch

o]

11]0

E 3 Ao 54 L diele} dEe) EA
Table 3. Characterics of E/S and Data Transmission

& = B 5 4 |
Jeaws  IBPSK ]
w 1/2 s
THejols- " ilnbound), 1{Outbou) |
}m %% Rb | 64Kbps(in/Outbound) |
VIR, Lgfﬁ? | 128Kbps(In/Outbound) |
AWK 153 6K Ha(In/Outbound)
L BofNolBER) |7 B0 D 506500
CRCN 3.6dB(10°7), 1.2dB(10 *)
wigaods, 02 0. 2dB( &

7 TO'kﬂLHh‘Z\PR_ i L40’K -
PP P JJ,HUb,,, _[LAdBlESD
— “ " {Remote | 0.5dB(&4=1) -
e L LNA‘}‘"{I—; | 2.0dB(Hub, Remote) o

| 45 HPA w3 | 10dB

WA 494 BERS 107% o] 8H( 7421 ¢}
8% 0.043%, 3.767A ¢V 7F Sl w2 A A51A o.w BER
of ube} qorF A dist 3 Ahg @ KR (C/N)t
- # 49 ik

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

L F4N ]
BER (1:]0 :] e )| (EB)C/N B HC/Nt
o107 [9T012.00) |36 | 36004
1o ‘7 99.957(0.043) | 1.2 12014
utbound Tm ; ;97 91209 | 36 |36014 |
107 1 99.957(0. 043) | 1.2 1.2 014 |

2. Mol 4ot

vodadAdEg 8§ 147129 A 2 54 19
A~ z°l A 'ﬂﬁx}'ﬂl wheh A g At FA X
chubarel obeu} A1v]3s 7tz 3.7m, 1.2m7} % @ st
o A Hgo) 0.043%(3.767A1 v A ] Al
2 QInb@-ris) 1.36dB, oF&-ubg vt L62dBR Al
wiiub, 1 VSAT =1 Al A B4R 4Rk o) ehefiut
2717 3.7mell Al % & & Yanpzlo] MAEH 2
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#X/HME5dolE He 8 VSAT S4A 28] g4

E4Ho] A7 W &Zo <teut 3 Al LEe] Haglo
o, 7-9ol o8 EAox Q-7EE Yrivpo] A4
HER Gz d¥Ao] Alzwe] Pagich w3
B VSATw ] AAFA 7 ek AHEH oo 22
4.4%°] ALS" FA7] AHE 4.5%0l #¥Aad
Hel F A= # 59 o}

Fuz B Aol olg PagdAe] HAje} 9
0] VSATAI2H HadAe 478 g 4 )
=& MPR, Sat.System Engineering, Equatorial

¥ 5 FAadAe A
Table 5. Results of Link Design

m1¢] a1 Scientific AtlantaAle] HAMAEARE K 6
off AA|SE o7 HALAY A A ¢
Aol AR 9% Z1yal VSATA 2" e 7250
upel A B m=Ro A A A VSATA 29 &
APAAN S TSI E Vo E AAT Aol
t}. Sat, System EngineeringA}, Equatorial A} “1¢)
il Scientific AtlantaAl®] VSAT Al ¥ Qbellv}
A A 2g yaEa o] AL E R 3

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 [46.0 |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 |-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 13.4 [13.4 113.4 [13.4 |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/X) [256.3 [25.3 1[23.4 [17.3 N17.3 [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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H 6. 25 VSAT Al =gle] dadA Ax

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 Jio” 107 107 107 o7 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  16.2 N/A N/A 56.8 16,2 N/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 42.0 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 NA 0.2 0.2 N/A NA o1 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 -1.0 -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 [V 66.6 gz.o7 VA
IE/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 8.0 N/A N/A

DOWN LINK
ISat, EIRP(dBW) 48.5 N/A 3.93 N/A 48.5 N/A 27.97 N/A
iAnt Pointing Loss [0.3 0.15 0.5 N/A 0.3 0.0 0.2 N/A
IRX 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.4 2 A 7 0] 49 2202 VSATH-S A 3=
B VSATA Ae)l & & o) e} A48 Al 2o 2 0 82 8

CCIR®] Myl A Q-FAg vhEsln & A strl
HAMA: ko)A el et i 39 Al pFrAl 2
o] ®fe Ao abe} palsldt SFD7E —89(dB/
m2)oll A Y4471 2] IPBO H A% 2% 0] 4.5dBo]
o, Qlupg = /ol ol delg 2k (.72 (—1.43
dB)/0.28(—5.36dB) & grstad AlAskedct ol <t
H]L} AZJJ} .,1 AJ‘,lz.“o] 000} v]_ L}m. LOI
el A7+ 7H2} 3.7m, 12m,rr_ A E o] 8
FogA %0} aty=dl ofe o] glan, Favhdd
A ZHEo] 0.043%(3.767 A (H%IHH Shupf-ri/of g
vl &= 77} 1.36dB/1.62dBE A Al¥] 7] uf ol b
B IR Tt A o e B e S IR A RS B
At VSATw S 914354 719 Ab&wl -1 4,
4%0°] 31 AHEF AH L 4.5%0°] 7] @irel 36MHz §

A
I‘] g
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