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ABSTRACT

Service allocation to satellite transponders under consideration of interference caused by inter-satellite and intra-satellite systems
is one of the most important issue in terms of optimal usage of satellite network resources. In this paper, we present a new and
show several simulation results to verify the proposed method. Especially, our concerns are concentrated on the cost (interference)
matrix which is believed to be optimal in obtaining the service allocation plan. The method and concepts presented in this paper

may be well applicable to making a plan for service assignment of the satellite communication systems.
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Fig. 1. Interference caused by inter-satellite systems
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Mula dehe VAodA HESEE g LEANE At Adzdg W @& BER EA4E
o) 2@ 29 gol g Ala¥lde 4789 MElx % &3 ol uncoded Al24%¥9 BERY wlg 23t
2 A7 dodz 743 A g shEdda AdEe t}at4 o 2 curve fittingsted 2 &84t
NEE HEdd RHYFFE Fan o7
Hungarian Method® &3l Avl~ @%g 27 - 8.8368 + 7.9380x + 056933« for R = 1/2
= ameg P, =6.9629 + 5.8372x + 0.31666% for R = 3/4
g dved - 4.6616 + 3.7761x +0.12238¢ for R = 7/8
a2 A zh Mu] 2] i Ad =Y wWhale] B 19 #
o]l Mg ttEam I 93 fAUeRREY T4 FFol % o714 x = log(P, for uncoded system)ejct. 12
29 Pehn sp gt ol gt shA sl Al Mu) 27} Zhzt 2 RS 3o daide 4 (2)E A 839 P& AAtet
1~-4% 779 FAZIAA £828 AF L8ded 1 G,
33 o] AxraT, )
>~ _A[_+._ N-i
Px S5 () riap)
& N—j
Interforence ! +| dﬂl( )P (1 P) ] (2)
gAY |
T 1
E 1 Auzd 3394 0H)
Table 1. Assumed coding scheme for each service
A A
WA WWAVA e e
K !} 4 I { = S, RS code(n=255, t=5)+convolutional code(R=7/8)
A YA BB Sy convolutional code(R=3/4)
S5 convolutional code(R=7/8)
,LH [_L /\: - Y mﬂﬂ[ﬂ ‘.Qf 5, uncoded system
a8 2. FA7) g dsiolxe o Aol 4 (#) 4714 RS¥ Reed-Solomon &% 9vlstz, n3t te ztzt
Fig. 2. Adjacent satellite interference by the unit of RS %29 #4%4 2 o543 %d S uidch ¥9, A¥R 3
transponder bandwidth (convolutional code)ol 4t R=¢] H¥|E4/ZHWES ojt}
B2 9y dAwe 4% 9 fan ()
Table 2. Assumed interference due to adjacent satellites and link margin for each service
A}z (C/N)Req (C/NYpa C/1 [dB] (C/N)poy [dB] Margin {dB]
D [dB] [dB] Tr | Te| T3] Ta{ T | T2 | T3 | T4| Tt |T2 | T3 T4
Si 4.69 7 19 17 19 24 {6.7316.59(6.73] 6.9112.04{1.90 {2.04 | 2.22
S2 6.44 9 16 18 20 ] 24 18.2118.49]8.67| 8.86} 1.7712.05 }2.23 | 2.42
33 7.63 10 17 17 181 21 19.21[9.2119.36{ 9.67} 1.58[1.58 | 1.73 | 2.04
54 11.31 14 16 19 191 22 j12.8]12.8]12.8] 13.4]0.57]1.50 | 1.50 | 2.05
714 (C/N)Req S 1079 28% ¢7] ¥ O/N (dB]
(C/N) pr CAA GAdMe C/N (3HiAe) [dB] - 78R
(C/NY] C A FA gFERS de) A& kg [dB] - A
(C/N)Tot [1] IO]OgUO A(‘/N)M/m+ 10 mmvml ! [dB] ]
Margin!i] CljwA EAI7 ) g de Wel A48 Margin [dB]
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Table 3. Resultant BER due to service allocation to satellite transponders

FA71 D
Aus D Tt T2 Ta T4
Sl 10'22 9177 10'21 6018 10-22 n 10~24 6961
SZ 10-10 8643 10'11 5306 10’1] 9414 10—12 417
Si} 10710 2600 10-10 2600 10 10 6140 10-}} 3551
S4 10 T 84410 10—9 43700 10 9. 48700 10—10 6415
o714 Pey AMEAdAMY 2FSHEES ulda, (C/D4E, B 4-bAME cy=b-Marging® F&3%th.

N.d.te 24 75 243, 44, L/7d3 %4
& qu) @}

E 394 Hoel BERE #7e 71Eez HAY
A= ggdE FHER, AHx §~8, FA 8,9
2&4%0] ool Hrg 5,8 FHF LR WSt}
ghed B dodAde FA7 Tl §& wMAse A
vtz thger e84 Fel Hgol He SF 3
g3td, o] HAl T,oll wiAdte Aol vrgsh T,
B "4 8ot g9Hel denE Tyl 5§ WA
el AP AHolrt, ol2jgd WwH e BER 7IE9 Al
28l A& e, AHl2 48 FA7] 49, ARl

3& A7) 34, Aulx 28 FAY) 241, 23 AH]

£ 1% FA7] 14 g%93e o] Hofe BERZ &%
*171% ZlEoR Mula #3E n2HHE W HAe
28 ¢ 5 o

a2 HAHZ siEe] wE Au2 WA Zag 49
g AZFeze A4 (C/D ¥E HAYE e e
H4 Marging HUE 3e 71&E 44 aa9d. Z
NEE H444S Yol cost FEL F 49 2o 9V
M oge WA MEI2E WA FA g9dE 49
cost& ough}. 183 costy C/I% Marginel ¥t
Hld s eE AAslolol B, F 4-adlME ¢=25-

cost Aol A8 259 53= @2 cost9 C/I.
Marging wtula] 2AZ wE7] A& AMEE 499
gteltk. AA71A costsh C/1 R Margin ZHoll& w3
A7 AfEng Auia #92 doz 438 @
25, 59 d&2 ¥A ged.

E 49 cost BHe thHe] EHFSE
Hungarian Method& 2 &3&4%

7 93

Min% i

Dxg=1 for all j

i

xg=1 for all i

?

x; 20 for alliand j

subject to

a)d dalAe (1-1, 24, 3-3, 4-2]9 &
ol 712 (b)e] daXe (1-1, 23, 3—-2, 4—4]
o gge]l FHAEZ 4718 VIFELS BER 4%
A n2ig o HAe PP (1-1, 2-2, 33, 4
—4)& BAsA Rk AHd Marging o] &8 Y
2 Mg A eg AMgE T E OE JEEA v A
Fol & oz g dov, A wEREY A&
g wz/3g H4o 234 C/N @9 @ge ge

¥ 4. A3 T BE cost $E

Table 4. Cost matrix due to optimal criteria

& (C/D¥E AN R 3e 71

A7 ID
A2 D Ti Tz T3 T4
S, 6 8 6 1
S, 9 7 5 1
S, 8 8 7 4
Sy 9 6 6 3
(&) 94714 cost = 25 - (C/DE AXEAE

b) 4 Margin& HU& 3= 71

A7) ID
A= D T Tz T3 T4
Sy 2.95613.104 { 2.956 | 2.776
S, 3.23012.955|2.772 | 2.575
S; 3.420|3.420 | 3.269 | 2.962
Ss 4.43413.503 | 3.503 | 2.949

(3) @714 cost = 5 - Margin2 & AAEUE
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. M22 71243 4y

z} wkga o] ALE WMEx/3Y wale] Eeir BER
] 42 o8 A% Margin AA7 2 oulg %
23 meld o] Aol Aoz Mu|xE ¥F
F 9l UEkHQ 7iFe] gFHc} ol g FA e
235l “BER 7159 cost A4 W& £ oA
]
%

-zt wtgad e 2¥ElE BER & 87 Eb/No #
ol M2 g Afe%. NA4E 18 £4 BER
o] £¥ BER® 9% A% (&, Margin=0)d
E 72t grEato] dF cost® BRI FUsAo}
Cla=

2) lelel wiguto) diglA. Marginel Fuigkel 2H
2% &(negative)d Marging 7Fdwi2] cost7}t
%(positive)®l Marging 7bEaiel costel wl&)
iAoz gA A3 ool gt

- ¥bgatel Marginel <ol &S 7HE A Sele 4
L7 % E V&S Aol nE Margin #9 2
o Aol & ourt ¢1& ey &9l Margin
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%, Margin 98t} 3 costel WFL Mz

tazA Ay s olel gct.

- kg g Algdle WE/EY Wee] MR oE
A4ole %E BEROl F23viglx Eb/No a9
Agtel g BERS ¥zt deizk A2 golatA o
gumz ol#igt S48 nddld costE MAH
ajob wrh AAH cost WHo] 2A3H Heolr}

- b w2 YHde] BYHEE costE A
A&7l 98, w$uiel g3 BERO & A%
Marginol %eo]® #% 712719l BER B4 & %
¥ wraatel cost7l ¥ T Margino] &oi® &
g 71%719l BER 54& e w4l cost?)
EA AAslojof gt

4) 7+ wFntge] oig 2¥ 3 BERe] BYT A3

M, 4E 28 d &8 BERe| Bdsichd 2wk
BEo] A& costE FL3A AFsefop gl

- wephd 2 AARste WR/3Y WAl AE Aloldt
oF %% BERe| stz uWHge zeld &%
BER 94 548 A (8 wx/3Y Be] 4
olsted A& TS W A wFHEe Ze
Eb/No #& NE dziqdde & s
el TYT costE AAstdor Aol HHE
.

T 1),2)8 wEde MY dEAHQ) Fre AFgE
olBZ 2(3)& cost A A7 71E 4] A},

c=expl-lal M (3)

714 ¢ © cost, M : Margin (dBJelz, a%t be
cost A A o8] AA== Pofof Ao},

A7 a. bE o|§3ld EXA BER W&o oy =4
248 ¢ Ao, B =FdMe a=b=12 3 cost
ARHREE @,

1Y 38 olfdd FH 3)I HE TTF Yubag
THES nAEE @t AqA7IA Al2" a, Al2H
b, 28 Alx"l rol i@ EXEA% (BER)el P, =
102 Fdadn sHgstn, olud A% WEs
71 98 av=le 24 Alxdel Eb/No [dB] &g 2zt
D,. Dy. D& E71%c}. BER 7159 costE& AR 3
B A4S 4 Aa”d dig Margine] QoW 2} Aladl
o gt costy 1 (exp(-0) = NE AR #onz 4
B 1 g wEg)

agxm 2y 394 AlA® a b.ro £& BERo| 2F
P, = 107ebd 7t Ala®lo] dig Margin® Z4 M,,
M. Moloh o714 2t Al nelo] g7 costE A3
71 $sted 72t Marging 41(3)e) didad cl,=
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Al z" a,bell A 4(4)

cost® F& F AT M ) E

TH 1), 2). 3)

@ BER

@ 71& NagozRE,

@ NE Nzmlez FH,

® Lol Alxw] xof i cost,

BER sysiem s syskem b system

SEEANAN

f»fo i /o

™M ——Systcm Margin
EWNo [dB]

38 3. cost AF & 9% AlA% BER# Margin#e] @4

Fig. 3. Relation between BER and Margin for cost cal-
culation

Margin 4M,, 4dM,2 4M,9 37lg 4 + 4
28 HYB(f(AM,)—~dM,, f(4dM,)-—>dM,)=ojeok
gk, drlM Alaw r & VE Alagez 4Fsa
= oo Ala®l xd W§# Margino] yd4d 71&
Aladle] dd Alx"] x9 o5& Cg,,(y)ad ®7
H AM, T AMHY A= d(4)9 B

AM, = Cgyi(dM,) — Cg(0) + 4 M, (4)

g H4slq M S Y1
ol & A(3)e H&sWE cl,=c |, mexp[-4M,]¢!
2 g3t 4 A
2o W3 cost® AAHE YoM AFF YA
DB BF BEAY F Aok 44)
% ol 4% Margin 9% Hiale g3 29,

42]9] #HBo] £ol uncoded BPSK A=
He 71E Aadez AA g,

dele] Ax® xe EHEA
BERel #1338 Eb/No #% T332 °& D&
Ert,

l9)o} A"l x4 Margin
dA 2& 4 g+ BER #ZéE Eb/No &2
Tt o1& D2 Ev}

@ W% Margin Mr = D, -D, & 7&u}

clx = exp[-4

M,]& @

o] Axg HAEsl) LI cost9 MarginHel #AE
29 4o NI,

1.8

1.61

141 Coded(R=3/4)

121

1

Uncoded
0.81
0.61 \

0.41

WEIGHTED COST

0.2 T — T
1 08 06 04 02 0
SYSTEM MARGIN [dB]

T 02 04

a8 4, A Byo2 AAE cost9 Margin 119 #A)
Fig. 4. Relation between margin and cost calculated by
proposed method
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o 7FF 1ol wEHT & 4 Aagd P coste
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o] §Y Aoy 2 H2Z cost7t AFHnE 73
3yol wZ . AU, 3 4o dMe 1Y 3& 1
&3tA A oln] AFETt.

B =R Actg W& 2z Ala®ld ug BERE
HHor EA3e 71FSR costE ARFse Woln
2, 74 Aadol AM&ste Ax/ad B Fol gy
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Al ol dubAEQl AT HEd" & e cost AF
W o]},
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N A2 BAeR HAs ¥ U 4%E AF
v aT AlkE B 139 del s cost
Bue P E 59 2ok

# 5. BER 71#2% weightd 7hat 259 cost B4
Table 5. Cost matrix obtained by proposed method

A7 D
T T2 T3 T4
A2 D
S, 2.280E-6 | 2.277E-6 | 2.277E-6 | 2.27TE-6
Sy 1.427E-6 | 1.068E-6 | 8.918E-T | 7.376E-7
S3 1.869E-6 | 1.869E-6 | 1.593E-6 | 1.157E-6
Sy 5.680E-1 | 2.239E-6 | 2.239E~1 | 1.286E-]

o 7]o]l Hungarian method& #H&&H(1 1. 2 »2,
303, 4 04)9] Mrja gehE 78 4 o ole
[ el ofolN AP HH A2 grdiets A3

E6 8% 49U 24 Ague A

w et}

sot AAFl A4EA A" BANA AL
cost A4S neEyl At & 69 vebd
dggat 4 AT AeE o) st AH2 TS
s &}

g 5o Ay H A A FAUE A @
FE JeR. 71 B o wel] g Hqujx &
e el Mg 2r71gFolt

Auizx e tigt dEg Bl At B 69
Adstald (1) 2% AT 4 Mujage R
AIAAL £4& A& C/N, C/1% F382 cost 4
Aol o3 saivetsd ALt o714 4 A4
2% 87 C/N& 10(dBJ+5(dBJE AAatxct. o7
A 5(dBle Alad £4dd @ HERen. B OT&
HH3 7igel BE Mujs €3S HAET,

Table 6. Parameters of the desired satellite system and interfering satellite system

z‘i(} x

EEELE)

W A4

S99

%% 116" +0.1°

F7 120" +0.05°

boresight, /54 A= PR OME A - Hete, -
L gA F - 24 M o5 42 41.4 38.2, -
Poga 44 ey o/T 13.4 -
| FAZS g8 34 Fu 14.018/12.29 14.02/12.29
(GHz) 14.058/12.33 14.06/12.33
14.098/12.37 14.06/12.37
14.138/12.41 14.14/12.41
14.178/12.45 14.18/12.45

W.D(30.7M) 274
N.D(9.0M) 24
SCPC(30K) 1A

W.A(36.0M) 274
W.D(35.9M) 174
W.A(27.0M) 1A
N.D(14.0M) 174

AH] 2 2 73/94 EIRP
(dBW]

W.D:71.5/49.9
N.D:62.7/42.9
SCPC:40.9/18.8

W.A:86.4/47.9
W.D:80.2/51.0
W.A:80.2/50.9
N.D:75.8/46.0

Az A7 5 e o5
(dBi)

W.D:27.0
N.D:28.2
SCPC:22.8

(7) 89 2 74 e Meke AR U8 Ao rpgsien W.D, N.DE #dd, ddd dAE wEne odviatn WA, N.AE Fdd,
Yo o2y WS oujgtd, 283 -w Al SR Haskx] i gFolrt
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Ssol & 4718 BER
eIk A7 BER
S, s, s, S, S, T, 1077
oo, T, 0
F { b { T, 102"
Tl TZ T! T4 Ti T4 10*25.97
T5 10'15 24
AH A4S
S, di& 4718 BER
< :[—\:: '.:ﬂ ﬂ/\ 27471 . __BER __ .
k carrier 1 | carrier 2 | carrier 3 | carrier 4
Tl 10*19.29 10*8.366 105.456 10'I3.57
-24.50 -16.51 -12.86 -23.11
S : uncoded e TAE Wt (30, TMHz) L7h T, LA S S N L
S;  uncoded ¥ TAE Wt (9. 0MHz)147% Ts 10 10 10 10™
S;  uncoded SCPC ®t4-9} (30.0MHz)12007) Ty 1072 107 10™% 10
S; : uncoded F ¥ dAE wgut (9.0MHz)474 T 1084 107850 105% 10736
Ss : uncoded ¥ulY tiAE W4t (30, 7MHz) 14
I3 b A% 2 4 A4 FAVE M 87 Sl B3 FA4718 BER
Fig. 6. Service allocation of the desired and interfering
satellite systems BER
FA7) - - - -
carrier 1 | carrier 2 | carrier 3 | carrier 4
£ 7 HA8 slgo] dE ANA g T, 10°% | 10°% | 10 | 107°
Table 7. Service allocation due to 4 different criteria T, 10 10" 1077 102"
T 10»23,57 10"1&28 10’12,‘2 10*20497
Hilz [ A [7€B |18 C [ /D ORI T M B Ve BT
Sy T, TI T5 T, Ts 107°% 10°% 10°% 1005
Sz T3 T3 T4 T3
SS Tl TZ TS T4
S4 T5 T4 T2 TZ
S, T, T, T, Ty a#lx S;o e $A471¥ BERS 28 6% 2t}
7% A Uil Yade Al 4TS J1E0R ¢ 3L
71% B - DA sy sise] AYuE J1Fes @ A% -8
1% C -1*3P4 59 873 C/N Hlol % Margin)& 715
=5=1 ﬁ, 731'::_ Tt —
71% D : Weighted Margin (Exp(-Margin)}& 71§03 % -9.51 b
A% =
% -104
Nule 9% A%E FE) fajel Ax 7 A¥a £ 1os
¢ FA47 1~574A wjAsw A BERE #7isidn S
2 A%e ey 2o} G-
Syol W@ 4718 BER ®
-11.51 )
=A 7] BER T2 T4
Tl 10—}5,24 12
-24 .45 <
’;“2 ig‘“-“ 1200 of SCPC carriers
Ta 10~26.06
s = a8 6. A7) Aol & S3¢ 2 ugshyg BER
Ts 10 Fig. 6. BERs for each carriers of S3 due to service allo-

cation to transponders

www.dbpia.co.kr

203



204

R E R '96-1 Vol.21 No.1

gm wtmhd BER A4 34 2 ohegd . 41
& Mg /1 ¥E pata A Mulz Ee kgt
e YAANE Sy Mu s T OEHsbd
(C/N)yp. (C/N)yn, C/N =1/ (1/(C/T) +
1/(C/N)E sl odrielA b, 7leteEd
o 228 F ¢4 5(dBIE WA (C/N)yy = (C/N)y
- 5% F&3, o& Eb/Nox #Hdad py, =
0.5%rfc(sqrt(Eb/No)) 2ol Hgaaqrt. o714
erfc(.})% complementary error functionolil, &
& Xulxdle FEC (Foword Error Correctlon)ﬂ
Agsx) ge Aoz sHg et

71EAAd upE #Hete) BERE Aeletd # 83 3t
o},

g 8 71zl W Hetel BER
Table 8. The worst BER due to 4 different criteria

Fﬂm : _BER :
carrier 1 | carrier 2 | carrier 3 | carrier 4
Sl 10 24.45 10 15.24 10 15.41 10 1524
S') 1012.4‘3 10]2 49 10 16.34 10\2‘1’:\
S; 10 9.250 10 10 50 10 10 45 10 10.60
S4 1064‘35 10 1628 10 1279 1012 ™
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