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Abstract

The classical PCM/PSK/PM scheme has been commonly used for TC & R applications between satellites and ground stations in the
S-band. We analyzed TC &R link performance between ground station and the geostationary satellite which employs PCM/PSK/PM,
when the satellite are particularly on the Super Synchronous Transfer Orbit(SSTO). The satellite parameters on SSTO are assumed to
be those operating on the geostationary orbit, considering heritage aspect. In the uplink, the results shown indicate that sufficient margins
over 3 dB are obtained when the EIRP of ground station is greater than 65 dBW. The down link performance is of great interest.
By adjusting the telemetry modulation index and ranging modulation index, we could obtain the required margin of 3.0 dB in the down
link, and find out the minimum G/T of ground station. In conclusion, the previously operated ground stations during LEOP at COMS
launch, can be operational when GEO injection is made using SSTO(65,000 km and 70,000 km).
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Fig. 1. A block diagram for simultaneous command-ranging and telemetry-ranging operation!”.
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Table 1. Transmission characteristics for a GEO satellite.

Items Uplink Downlink
Freq. 2,025~2,110 MHz | 2,200~2,290 MHz
Modulation PCM/PSK/PM PCM/PSK/PM
MI(nominal) 14 rad for TC |1.0~14 rad for TM
MI variation 5 % +10 %
Subcarrier type sine wave sine wave
Subcarrier freq. 8 kHz 65.536 kHz
Data rate 2 kbps(TC) 4.1 kbps(TM)
Modulation PM PM
Tone freq. major: 100 kHz, minor: 16~20 kHz
RG MI(nominal) | 1.4(0.7, 0.7) rad 3043(((?3’2’0(;)32 q
MI variation +5 % +10 %, —15 %
Channel coding BCH o di(;(;r(l:jl/l;oiz7)
Channel encoding Error detection Viterbi(soft)

BER

1076

. Y9454 dolH &2 4.1 kbps
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Table 2. Uplink & downlink parameters.
Parameters Units Values
G/S Tx. EIRP dBW 65.0
Pointing loss dB —02
Atmospheric loss dB —0.6
Polarization loss dB —2.1
S/C antenna composite gain dBi —5.0
S/C circuit loss(Rx. & Tx.) dB —54
Transponder Rx. Noise figure dB 45
S/C Carrier recovery PLL loop BW Hz 800
C/N)req for carrier tracking(uplink) dB 10.0
TC EyN, required at BER 10 dB 10.5
Implementation loss(up & down) dB | —1.0~-25
S/C EIRP dBW -2.1
G/S GIT dBi/K 24~26
G/S Carrier recovery PLL loop BW Hz 300
G/S Ranging noise BW for SSTO Hz 4.0
S/No required on major & minor dBHz 20.0
TM EyN, required at BER 10 dB 49
EAY £42 ARFAN 87 11 m 049 e
el AMES 7HYSIY, Sbandoll A 2 W& &2
Q1Y A4EE v&ste] —02 dBE AHgesith Wt

$=%(polarization loss)> 17F 10°E 7522 ZHE 9
33 A= 247 15 dB, 1 dBE A3t 7] &4
(atmospheric loss)< A @4 Ex A4t 2A% 7S 3
&at 78 E4E —1.0~-25dB %oﬂﬁ A& fﬂaiuk
A72 B AR LT F
A slel £ E(simulation tool)< 7}5}31“5}57_, Wz
T 97 U&= dulelEs 91437t
3

974 WH(TC only)TF 3= 7459 @AARG only)T
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FA ek Y gtolEL -5 dBi, YA 9] EAAZGY
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3t Wl Aoty 94 HET £ 0 TC vzl
42~10.7 dBE 3 dB °]*9] mixlo] StE I, # AT
T3 m= S/Nogkol 42.5 dB o] E T whebd $14 ¢
ALE AAAZAAN &3k ADCRE 7Hgs Aol
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44-2 5tet 3
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71202 ALt 1 29 o] YIA(EIRP: —2.92 dBW)
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27k 10°614 SSTO AAE Aol wE g3 SAES
13 50 YeERRATE 18 5(a)0141 SSTO =17 9] 70,000
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Fig. 5. (a) Link margins, (b) Range errors, (c) Modulation
losses, where TM MI of 1.0 rad, RG MI of 045
(0.32, 0.32) rad, G/S G/T of 24 dBi/K.
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Fig. 7. (a) Link margins and range error with TM MI variation from 1.0 to 1.4 rad, (b) Link margins and range error with RG
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H 3. SSTO 80,000 kmol| M 713k A A% oA
Table 3. Link performance example to convince link perfor-
mance for SSTO apogee of 80,000 km.

H 4. SSTO 90,000 kmel| Al 7H&-st ©a 5 4A
Table 4. Link performance example to convince link perfor-
mance for SSTO apogee of 90,000 km.

Parameters & results Units Values Parameters & results Units Values
Slant range(@ Elevation 10°) km 85,041 Slant range(@ Elevation 10°) km 95,066
S/C EIRP dBW =29 S/C EIRP dBW -29
G/IS GIT dBiK 25.5 G/S GIT dBi/K 27.0
TM mod. index rad 1.2 TM mod. index rad 1.15
RG major only mod. index rad 0.7 RG major only mod. index rad 0.7
RG major & minor mod. index rad 0.5 RG major & minor mod. index rad 0.5
Carrier mod. loss dB —5.6 Carrier mod. loss dB —52
TM mod. loss dB —49 TM mod. loss dB —52
RG mod. loss(major only) dB —19.6 RG mod. loss(major only) dB —20.0
RG mod. loss(major & minor) dB —27.0 RG mod. loss(major & minor) dB —275
Carrier tracking margin dB 9.7 Carrier tracking margin dB 10.7
TM margin dB 3.1 TM margin dB 34
RG major tone noise error m 11.3 RG major tone noise error m 11.1
RG ambiguity margin dB 3.1 RG ambiguity margin dB 3.1
S 720] TM W2 A48 7407 meh TM ke 2 Bk o) § Teiske] A4 GTE 245 dBIKE ¥ A%
7FetaL Carrier "HZ RG PHAIE ZAdte AS & F T™ % A7} 1.3 rado] 22, RG HZE A4=7} 0.7(0.5, 0.5)

ATt

™ HZE A47} 1.0 rad$} 1.3 rad o g3 vpa o) ¥
s A EE M rhRlE 2.3 dBol A 43 dB7HAl Z7}
&3, Carrier "FS 11.5 dBOIA 82 dB7HA] 7+43hH,
RG ambiguity "H7& 1.6 dBOlA —1.7 dB7HA] 7HA g},
o] W ™™ w}zl3} Carrier ¥}l S w3 dB)E W=
A TF RG ambiguity PFA& & wiRlE TSR] F
sict,

o] Aejol X TM HZEAFE 13 ad® 2 1A, RG
WZASE 045032, 0.32), 0.5(0.35, 0.35), 0.64(0.45,
0.45), 0.7(0.5, 0.5) radZ S7HAZH S Wl 9] 3 vpls} A

SAE I% 7(b)ol YER AT RG Major E¢] A2
QA= 172 molA 11.8 m&Z #4438tk RG MZE A5
Z7 719 Carrier "FA2 9.2 dBoll A 8.4 dB7HA] 7+4as}
2, TM vHEe 39 dBol A 3.2 dB7HA] ZHAdhe HhHo,
RG PF& —0.7 dBolA 2.8 dB7HA] S7tett), whehA]
RG W2 A7} 0.64(0.45, 0452 w9} 0.7(0.5, 0.5)2 o)
™ v}22 34 dB9} 32 dB, RG w412 2.0 dB} 2.8 dB7}
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