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Abstract

Jamming is an important factor in the military satellite communication system. In this paper, link

capacity and jamming margin of the DS-CDMA(Direct Sequence-Code Division Multiple Access)
military satellite communication system are analyzed and calculated under a multitone jamming. The
analysis was performed with two types of transponders loaded on a geosynchronous satellite.
Calculation methods for link capacity and jamming margin were obtained. The results of the
analysis show that capacity of a transponder which does modulation/demodulation, decoding/
encoding in addition to despreading/respreading is twice as much as that of a tranponder which does

despreading /respreading only.

I.ME

oS T el A sAledle HE
TRIRNER ' vlo=Al HAE Prtepa ¢
=& A(EAEDAEE EAY 5 Qlek o] A
A8 Has) S5 Wi I HAY AR
7t g & A §Alel #rhsEid = glth
webx olel] Wit iAe] deshA Hrt Folemof
et AR Wzryge] Ardel ot diges
o] FgH: glevt o] Frix] AHEHMe ¥,

¥ IERrR, BRFREE BT
(Agency for Defense Development)

BT HFI1998F8A3H, TAHLEL190945H27H

Near-Far Margin, Fading, 2&¢] &= 7}5A,
FA7Vs JEE 9 ool W& Processing Gain
ofe] 7ol ohE BAE Bl Fulpxek
ZHPAL %7]| Near-FarSAl, Fadingell gk 54
S8l #abrls dgZe] A olo] =E
Processing Gain®] € 4 itk 2484 Wzl
Adidle] A E @3] ofeld BAde] glon it
7Fs dEEe dAEME o] 7 olg= FH)
100MHz =2 A3, 1]

AR HzrE oA BIEEALE Hsle] g
Hert Al S A o]FESAHPCS)dM=

(R oft

ol

B ol8En ok oF A RN g
DS-CDMAZAIH1S-95)% CDMA 94 541

LANell o3t 584, 4352 2 3F ey



1999% 67 ETTEAWE F 64 SB Fo6RM

ro
1.

5] ApHgen] e A4 Pe w2 Bl uxw
Hgiek. WAE AN H4FE o148 DS-CDMA

HAA ol FAHFH A FHJCDMA FAHS
of Wiy A7t @Y AYPEz Utk A

DS-CDMA BAl%elA A & AgiEs
s ¢ken Azt R AR A7 AAES) A
T %W 4EE s 79 84t Ha olE3d)
A AP T Aoz g HoFspas £3)
AL fRI8ReE &4o] oAt

ARG} Wz T BAokE SEFdRes
Aol A ciApRleg A 2 8w gt A
vl oA el AR lRAPd ] ASEAL
TER R 2NFe] glon), we ZAMMAY &
% FAVE AMSe 914 DS- CDMA FAl9e)
Ay A B Furd P 2aselg)
. %4 CDMA E4%9 #A$ On Board
Processing$ 3= 5% $AVIE AHsPd O =
AL 5 FAPIE AMEhs Aeac) 3 o
A ReHE 7 5 Qle] ol oiF A7) By
3] 3= 23]k,

FH-CDMA (Frequency Hopping-Code Division
Multiple Access) A4 H584, 438 2 ¥
oF &) ATEien] ge =Eo) Lyl &Y
FH-CDMAHME 7 FAIge] we] ¥8=3 gle
o F3 BAEs FA ofd  AR-EAA]
DS-CDMAE sPHSIsh 8453 A ek

Aol i H-$5HE o] 7R 9oz 3AE
T Ao FIHeRE BB IXNE £ 9
o} o7lellie ARG HzAlEd A FRE
ANy Az e 2R FEFAPIE AN
DS-CDMA $|48x8=2] §A8ss Agrizle
ARl 9148 A A $A7 Aol =
WEHEE AxAjE Alei 83k Ao sl
e},

0. AHEM A =H

1 AA =

ANFAEE =], 040 dlolg] &z
Aol 2E e U3 EHEER e 7
RS AEHde Hzslshs AaXe) % =
EE AMEle] DS-CDMAWHe 2 943} AH&gc)

(667)

31

HgAe] A AL g B3t F AR
el o]foix| B2 I¥ 1 olliie} o] Y= A
< 7Hskck A= Aol e A AU
3 §%o) PR S5} A AR 2R A
28] §2 AgEa §5 w2t A=

MAI

s Rl
“\ m-Su+Ju B /“

] Desprea- | { | B[ Sprea- R
“\.\ Gul]  ding 23 | ding \“
“Sm// BW=B BW=W \\ Rm

/ Ns “
Si = AAbbRe] 441 EIRP  (EIRP: Effective

Isotropically Radiated Power)
Ji = A=} $4) EIRP
Gu = A4 A3Fa Bl | =Gr/(L-M) ]
Ge = Wiz T2A)20)5( =W/B)

Su = FA7) A9 78R AZ=)( =S Gy)
Ju = A7 AR AYAZ =27 =] Gu)
In = 5 A&og A A% 7MIAS(MAD
N = $47) 93

P = $4719 A4 £4 329

B = doje} g%

W = s g

a3 1. 944 BAAA A=
Fig. 1. Satellite communication network model.

FAVE A% A5E g8ateld E3A7 £ oA
NEAtEl] Aoz FAlshe 73$e Al Bz
Y FFA7A) F GA] AgAbsle] xjAabew 44
k= A9 glg-53o] 9)¥ On Board Processing
FAZ)E AMSRe A9E s SAs) Ass
o FAe] Fpaldla gle A dEeeE R v}
Aok AEE D o]l ARl 83k
72 E s enE 28y so|dL mEdlA o
ol= ¥k EARZ Q) dHoldL qlEhle) Zx
A, FEA¥A w2 = oJrixe g
LOS(Line of Sight)sle} Atidoz niet Fr)e]



32 E Aq9Ae4 DS-CDMAHA] 94 E

o} A2l Qvkz 7t o] A% LOSTet
Additive Gaussian &0 Az & gk ¥ o}
2722 ¥ Additive Gaussian 342 A=
Aol A wejalEe] izt Hhe- Ak Aoz s}

etk
2. 944 A7

S SR A AuAlE SE oheat
o) EALS mf Aol 44

g A3 9

A % B9 =7) S 2 Ak B
Su = Ri'GeGed® = _SiG 1)
(4rd)?*M L-M
@7]/“‘ R: = Z]’;.}"_“ ‘.?—"._%"4

>

(R <k 2 ol
(FAZ1) ket A5
(Ao P =1/fw)
d = At 947 A=

L = Free Space A&7}

M = artz

[
|

-

& 2 &

a8 14 S I Su Ju Im Ns, P &9 Watt
o]z, B2 W9 gl Herzoltk z=la 4] (1)€lA]
Ry Si Su® o9& Watteld, 19} do| =&
Metere|t}t. G, G L, M =217} 9l €27t =,
AANA 319 AR A B4l Wil Jue
the3 Zo] ZAIHL

Ju= JeGe (2
L-M '

A4 FAZ] <k A ol5 G2 Wkl @
2} then wepy Akl didk Gt Al iRt

& A2 e, gubdes AAlebdel didt Grg
7Fe’t A= sl Ao digt G 7R @ 3
47} HEE A3 AL ES] ¥ XY
HAA QAT A9 AgED A% G 2 ¢
ZA DS-CDMACME AAshde) £3x48 %
3 AT 04037 G4l 2R FUds 2=
A 52 3t} FH-CDMAYIAE Z2jale] od3o]
DS- CDMA®"NE zA|tde} A3 #zde oF
5= epeck 0 mix QeayAEsie $A01E
A3} QiaA-g AXEA Ailse e

Al Ba9] 4384 X 35
ol5 wiie] 1/Ge2 FHsn, theA&o AT A
dzk *&i7Vd(Multiple Access Interference)e] '#
ARl ol2)d AEEE 5 diYgFe] Ad(dleleh
=3 & B hz9 ’g“ﬂ'fi‘%ﬂ'a“ AZF A4
3 FEEe] s3Eas 58 AYe: % A
BAZ AWYAE, G3E A FAY] Gk
5 EE ASNEES 12 MR et FA719

HE 2R g & APHEHeE S
Z ARALE AE S, AYAZE HE Jo, A
3ZHAE AR 2 4 oga) 7o) 3AY
t}.

o

%I

4 & odr g oo
°~|-4 N{Sl‘

32

Se={Sw/ [ mSu+m gsujp,»ﬂju/epwm] }P. (3

Ja={(Jw/Gp)/ [ mSy+m gsuj 0i+(J/Gp)+Ne 1 )P,
(4)

I gSmp/ [ mS,+m Igsmpﬂr(JU/GpHNs] }-P,
()

@ 2] (3), @) B (B)elA j=i o]tk Sev AdD
FAEHeH, Sy A j7F A il F= THo]
o ;e MY AEE FAEE A7 TR AR
Fofod wEt 0<p;<1 ¢ & 7Kk o=l
Ad "JIZI 2PHZM(full interference) & &Jwlale
0 =0+ o] AHE orthogonaldle] ko] A ¢
£ A5 il A7) 93k Nool =7t |
AFAE vl Ao =g H$ FAY £
glck CDMARAE AWAZI} Sie s Jo(d,
J>>Iwdl wet AYAES e A% Inol =)
SA1148p0) AL

M. DS-CDMAYA E4lo| 2383

1. DS-CDMAHM] A4t $:417)
At S48k w2 Az A5 o e
Wl TSt e Ao BT 4 vk

S= (S [ mSu+mQ+Ju/Gp 1 )P
(6)

A1 2 = BSue; = (m-DSue (Fj=i) ()



1999 68 ETLREWXIE 6% SK HO6K

Q. = 3. P/m)pg = (m-1(P/m) o ®)
(s j=1)

Pr= _PeGeG: (9)
LM

k = Boltzman AF

Tr = Algehate] AELECK)
Ge = ALY et Apgols
Ge = FAFAZD ket Ay o=

0e 4 s AT s 4ge

A A7 AETHdeld Q2 A} FA7EA Bx
(93hA HAshe slakla Adt AR A
RS epdich A4S 38 zvle CDMAW
2)(4)), Synchronous Detection ®3= Asynchronous
Detection)¥ A== 4 3=z 4141359 =7]
o ozt A" M 0 9 Q.elM 7Y AxE
Jelllsoe 23 13 2-& CDMA BAldAM s
Yzl saEla FARle] e A9 o2 FYs)
o3 B 4 UK ej-04=0). KT:BE A4 4719
das  Aolck  Ad7E AE AS Ind
DS-CDMA $17¢ll4 Sail/Asdaids 43 o
FE A9AFTE  Additive Gaussian Noise® HF
& 4 etk w2bd o]E9] ¥ Gaussian NoiseZ
H3g 2 gy (121 (13)

2. & A9 BN P28
RE thge] BT E AMR3M= Asynchronous
w4 DS-CDMA 3419 73% At 43 HMiA=
pE A (10022 A" 4 geh
0=1/Go (10)

Al (10 A ) Ak heTt 2L Ale] o]
Ao,

S - {Su/TmSu+ T/G1} - P;
N {[(Ju+mS/GlAmSu+ (J/Gp)1} - Pr+P/Gpo + K T:B
(11)
% G >>m

A (1)L b95E A B3k DS-CDMAYAH
22 BAlshs Adwe] 4l =23 AEe As
4 Ae8lE Yehick (1IDAL FEa 35 A4

(669}

33

FAHdx ¥ag 4 gk DS-CDMA £419] 74
£ Ad d9E Be doly Xgds Ry gorng
2] (14)9} 7k #Ax]e] Ajdic

S = EpXR 12)
N = N, %B (13)
(%)f E,/ N, (14)
Al (12), (13), (1ol Eve 2" dlo|elg] 19]

E} oiRjelzm Net A7) B3hse] Adde
(Composite Noise Power Spectral Density)e]th.
Al (11)9 S/NE Ev/NoZ AR F mell ohsie] A
glabd 4] (15)7F dejxiel

m - Gp/(En/No) 1 -(Juw/Sw) (15)

(kKTW/P)+2

A (19 me Ade] HaeT AE of FSA
HUEMPF EvNod W FA19 S 8% & Sle
2d & 8 FARKL old WHADF rhedt

Ho dlojg] A% &% R& 4] (15)9 2(16)& ¥4
sle) 7k & gleow] 4] (17)3) o] FAEc)
Gy, = W/B = W/R (16)
R - W/AEw/No) a7
(n]kT:W/Pr)+2m+(Ju/Su)

A Asrt e A9 g FAEE b 3
4 2 FHd dofe] A% =& A (15) % (16)l4]
Jo=022 Fodd 7% & Qlek A (15)%} (16)9lA
RN A A3t sle AS- Fd A AR
Y 7Fsdt dlolel Af 27t 2015 ¢ 4 Ik
m7Re] zabebde] F4l Bl 4 s7se Al
% of F54Y YEH7E EvNodl 4% DS-CDMA
WA SAAAZE AR S sle Hd ARAE o AR
AE vl I/Se A (15)F Jo/Seell didted
Aelabd dofzln] A (18)7} o] FAEIc.

[«]
=

Ju/Su = GD/(Eh/No) - m(2+kT[W/Pr) (18)

2] (18)4ll m=1%1 7% J/S+ A(19=E FA=,

Ju/Su Gp/(Eb/No) - (2+kT:W/Pr) (19)



3

JWSot A (192 ZA=EE A 2o} AXRE 171
Fy g 7SE Ha AZY AU HEM), =E
93k A4 FABERE B¢ 7 ARG gy
A (19% 9FE AW S sdshe AsEA
(BER)S #12& 5 9lx DS-CDMARM] 94 4l
AAL /S e EASTE =23 GY/(EwNo)7F gk
A J/Se ¥rb #Hok DS-CDMAHM] EALAA A
ZAle] 7He’dhe o 5 gleh

3. DS-CDMAWMHellA] $-8 7153 whtse
g7 722 FAdA DS-CDMA | EAAA7}
4w & o Hd & 7P’ 9y £E F7
t}.

A G E(RFHEE]) W = 40 Mhz
Symbol Rate R = 9.6 Kbps/9%
ZEA| 205 Gp = 36.2dB
#HA4EQ S/N Ew/N, = 6dB

AH o ARAIEH] J/Su = 30dB(=1000:H)
A7) Alsds T: = 300°K

A4 FAPIEH P: = 16dBW(40W)
FA7) Qe 5 Gt = 40dBi

@ eHRlS G: = 40dBi

Free Space 714 L = 202dB
gavkz] M = 3dB

Ev/N, = 6dB+ BPSK W= Viterbi 1/2 Rate
2744 F=F A% #, BER 10E-5% 7] 4
g H JeAls o A Yx wlejrh et 2
< +887CA H FA Jed 9 S A
W om = 2077} e} U3 $8Sell Wk A
F£&ert Z7MA7Id R = 10 Kbpsolk] ZEA~
o]5o] 36dBE FEx % 7Fe’t @Esrl 09]
ok (A (15) =], ueby slel ke 43170
4} 10 Kbps7} o A% 7Fs3t $=0F €ok oA
FUE L3P0l e 1007] o] 4ok
A€ 4 U Y AW AE o HEAS ¥E
J/Sei= A (18)l] 213 29.2dB(840¥H)7} =c}.

4. SFA7) A MEZAASE A4S 285

A (15 FAPIAN FFYAGE 3 A5
AL ArME FAZIA A8, Bx oF
FA F Adshe A B4 $9E Uk B
ArlelA |3t S AA B2 459 Al o

€ AR @A N4 DS-COMARA 1454 =29 4384

(670

wEH
Aenle oot e ez ARG
S =__ S = Sy (20)
N (Jo/Gp) + 2 +Ns (JW/Go)+ 2

A7 2e A (D2 BAFEEe ARa A4z
3701 Noe FA7] Gakolch A (15)l49]
7355k 7] A (2009 S/NE& EvNoZ WAZ ¥ m
o) tisled A3 4] (21)0] BoiAle,

m-_Gp - _Jo 1)

Eo/No  Su

FAZIA QL B efpA, 2 AFAE 3
€ 4 FAAAN, AEA A=) e A5 Al
289 £ AUHYa §=l wel FRE Y
DL Ade HaaT A3 o 3 AYE=APL
Ev/NoQd) 4¥R=3 830ln) AL FAVIIA o
¥, BE eFeAE 3k DS-CDMA W4 914
AN T AS AR & e Hd 2T
$E FAFE A 159 21)E wlsspd FAel
A gl B2 2504 2 A e A
H3 o] gFA/ARE she A Y3 4
Bet 2w ojie] H& & 5 vk HHDZ s
T Hd dleje] AE £= R 4] (223 Zo] B4
g )

R - W/EWN,) (22)
m+{(Ju/Su)
mAe] AAldde] FAl Fo] gl& A4S DS-

CDMAWA] SAIAAPL A" 4 ol 3 A4 Az
o AEAE v /SE 4] (23)F 3] %
A},

Ju/Su = G’p/(Eb/No) - m (23)
219 ML 33elre} FUF 8376l A,

5&, o5 W AP ke FAVIE A8E A
Ho FA §Ale] 7Fsd @Y € ARl m

%
- 4177} Sk
-

DS-CDMAE 7 $143A Alzde desi9e
o) A PN Hadeks) A ogS5e BAaE)

[
(=]



1994 6A ETLBMWXE #3364 SK Ho6M

drk A ad FE =e FEUY A B4 w
A7 sle A9 a4 9 AdeiRle 2%R
2] On Board Processing $H7] &, 418 A58
Ay ANGAbsl] Aoz Al Ao L
B2 B LRFATARE F oA Aghakskd Aapeg
FAEhE Al diste) 2 Baslgck Zbtel A
Sl disted e} Yasekn AYeiL AL 5
UE AT =FIeH o)AlE sl EAMR A
o ek FAZIANA S B 2FeA o Ag
A e A4 W3 $8e] ARl
749 ¥z g3k 2ufeldt H<d) J/Srb Afulet
Aol 7L AN 8= A4S J/SY W)
e} B34 wx Hd A vV SRl F
A3 wEgtE & 4 9tk J/S7E Aeilel )
BAle] AljEE vk 7%l Af(dlolehE&xE Z9)
Hd A AMTFs @Rt 343 soluA 9
& 4 ek FARA we} G QAL 2 =
9 delde HAEETE 20% Bole A4S Hd F
Al M7 B = 6ulE Fo)slgich

kil
o
=3

a2 s
[1] A. Nejat Ince Digital Satellite Commu-
nications Systems and Technologies,
pp72-80, Kluwer Academic Publisher,
1992,
Vijay K. Garg, Kenneth Smolik, Joseph
E. Wilkes, Applications of CDMA in
Wireless / Personal Communications,
Prentice Hall, 1997.
Guillermo E. Atkin, [an F. Blake, “On the
Capacity of a Cellular CDMA System”
IEEE Transactions on Vehicular Tech-
nology, Vol. 40, No2, pp. 303-312, Feb.
1991.
Rddger E. Zimmer, Roger L. Peterson,
Digital Communications and Spread
Spectrum Systems, pp570-602, 1985,
Pravin C. Jain, Stratigic/Tactical Com-
munications by Satellite(Intensive Short
Course Teaching Material).
Manjunath V. Hegde, Wayne E. Stark,
“Capacity of Frequency-Hop Spread
Multiple-Access Communi-

(2]

(31

(4]

[5]

(6]

Spetrum

(671)

[7]

[81]

[9]

[10]

[11]

[12]

[13])

[14]

35

cation Systems” IEEE Journal of
Selected Areas in Communications, Vol.
38, No7, pp. 1050-1059, July, 1990.
Guillermo E. Atkin, Ian F. Blake,
“Performance of Multitone FFH/MFSK
Systems in the Presence of Jamming”
IEEE Transactions on Information
Theory, Vol. 35, No2, pp. 428- 435,
March, 1989.

Evaggelos Geraniotis, Jeffrey W. Gluck,
“Coded FH/SS Communications in the
of Combined Partial-Band
Noise Jamming, Rician Nonselective
Fading, and Multiuser Interference”
IEEE Jjournal of Selected Areas in
Communications, Vol. Sac-5, No2, pp.
194-213, Feb., 1987.

Theodore S. Rappaport, Wireless
Communications, Prentice Hall, 1996.
Ryuji Kohno, Reuven Meidan, Laurence
B. Milstein “Spread Spectrum Acess
Methods for Wireless Communications”
IEEE Commun. Mag., ppb&-67, Jan.
1995.

Shimon Moshavi “Multi-User Detection
for DS-CDMA Communications” [EEE
Commun. Mag., pp.124-136, Oct. 1996.
Athanasios Papoulis, Probability, Random
Variables, and Stochastic Process, 2nd
edition. McGraw Hill, 1984

Brian D. Woerner, Jeffrey H. Reed,
Theodore S. Pappaport, “Simulation
Issues for Future Wireless Modems”,
IEEE Commun. Mag., pp.42-53, July,
1994.

Larry C. Palmer, Enrique Laborde, Alan
Srerm, Phillip Y. Sohn, “A Personal
Communications Network Using a
Ka-Band Satellite” IEEE Journal o
Selected Areas in Communications, Vol.
10, No2, pp. 401-417, Feb.. 1992.

Presence



36 £ A=A DS-CDMASRA] A 5Al =29 $334 i)

S X X} 4 74

REZ-0 1)

19519 79 6448 1974\ 39 R
' oigtw Aalgslst el 19873 44
u]=t, University of South Florida,
A7), AAL 19894 129 wl=
University of South Florida, 7]
o}, wbak 19759 39 ~ &4 S
SRR, Y A7

(672)



