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ABSTRACT

Future satellite communication systems will be developed at Ka-band (20/30 GHz) owing to the relatively wide
frequency allocation and current freedom from terrestrial interference for multimedia services. A serious disadvantage of
the Ka-band, however, is the very high atmospheric attenuation in rainy weather. Synchronous CDMA drastically
reduces the effect of self-noise with several interesting features of CDMA for mobile communications such as
flexible frequency reuse, the capability of performing soft-handover and a lower sensitivity to interference. This
paper evaluates the performance of a synchronous CDMA return link for a Ka-band geostationary satellite
communication system. For a fixed satellite channel whose characteristics depend on weather conditions, the signal

envelope and phase for this channel is modelled as Gaussian. The bit error and outage probability, and the detection

A A7k
ok M AACEC AT A 7Y
o A ot A7) WAE ek
* AR A7) Fe
BoCEW - 974741229
B AT 19974 128 29H

1797



MEEHE SR 0 '8-7 Vol 23 No7

loss due to imperfect chip timing synchronization is analytically evaluated and the system capacity degradation due to the

weather condition is estimated. The two cases consist of the general case in which all users are affected by rain

condition, and the worst case in which the reference user is only affected by rain attenuation. The results for two cases

of rain condition clearly show that synchronous CDMA eases the power control requirements and has less sensitivity to

imperfect power control.

I.MA

3 Ka iy AN Al aAd 7RAFd
AL A8 % g e vy U
(11, (2], [3]. AR 01 FH5A Al2dS ohast R
QY (8 EW A o, A 2| RE doE Y
3} Aoj=, T8l Fol el W2 FH AMula
(A& W A3 A3l 14 dolH, 3kdd e, &
AP w4, g sel)e AT F Ao (2]
{3}, 41

AT A L 94 i) BATE 99 CDMAS]
Yol g B F718lT At [5), [6). CDMAE
f4% Fokre QAL DA £ 3321 A (soft-handover)
€ FYsle 58 I8 el E 5RE HF o
ZEAE A% Fo® EALE BRI gFEod,
Gaudenzie 2}7)13&-9] A& A FaAI)E, 71E
o A N4 CDMAS BE S 7L s
RAFE713 CDMAZRE A& 58342 A& WEg
ARG (7). B AF =FE0] (& &Y (8],
{91, [10]) HAIA W& 9% §AHE 713t CDMA 7%
o] gjzjelell g B A7t AYPHL USE Bol
2 Utk

Ka ) gollA] £713} CDMA 914 54l A2 A
5 d537) siMe Alde) 548 THslo &
t}. 20/30 GHzF-3 th 2 W& Fo d gL AT
SHAME ol YAFA 2 o|{fE B Tl A
ZE 3 ek 2@y, 2030 GHz S+ 9L 749
e 1F APl B trlF AHE weve A%
A FHL 7T Utk (1] T8 B2 & =FA
= olEd A B4 J1EAH xelHE 23t
o Ka 99 4% fdd Mg Fr18
CDMA S 445& B4 Holth

g EAdo] 5713t CDMA $i4AL" ] A%l

1798

v o] digh $£40] ¥ =89 F3 FAA0)
o € =59 4 ARE Ad 2L 7R
xo AYAFE Ad 5448 vl [12] HE
287 outage BE, 187 ESAFT A ey F
71l 9% HEEH0) AR HLHJeH, 1F
Z7o 9% 8830 At FAE UG

£ =i w4 tgF 2ok 236N J1F 2
of e AdEdE 4, ALY X e #
A& 333t 4 FolM iz g 5L FAEHY
AFNE Ho|F, upx9te g AEL 6404 Fojzlth

I. g % Al2H 25

2.1 Y 24

Ka Ty ARG AN A 542 F2 7%
Z219] e ek 7NFERP & IS5
€ Holy Kathy Ade FAHYL Adrde
(121014 2AFEA (121042 BRAAGTA Ad
Bdg A3 zAAa el ois sheAldeR v
AL ATk T AR FA A5 xRN 9439
BE Hk fere o 2ol Foinh

1
="

471N, m3} *L 7tz ABe| TAMFH Hake) o
23} Barolt
7b7) e 7132 o EAF Ad 2ge

exp(—(A—m)*/2¢?) )

H 1L AANN A 29 2(12)
Table. | Fixed satellite envelope channel model

¥ 2y smizolE
A%z
e 2
Py 0.662 0.02




WX/ Katl §& ARS8k 5713 CODMAA ALY S A9 T8-8-3) |3 A7

[12]) FoiAYEH), E 1€ ZAANN 3¢ 22
ol AE FHH BE BIo) Uiy 7MeARY
HelulEE BoiFT Aok B ERdME Bages
Uehhs, 78 2 03 el wshe Hol: 7%
B0 e A BHE s

T 441717} WA MBS el 2AS Yo
(lock), @7 EeH4 slo|ggre] Zajsjojorgict [13].
(1310228, tg 3 4 499 HE 2FE ¢
AEBE AAFOEH YUY Wxd) we He W
32 BT I, BY 2 247 A4 wa
£33 Pgol ZrHo M By APl A4 TS
QF7F EAP 2HEZ, X THY HoPue
AR EH, HE 2.8 AN 3he dAED

2.2 AlAH| 2gl

71322 7P s, MY $A718C] 94 ER-
2 JYoA Eloly 93 Wy FRE o
APF Ak A4S Aok B, o234 £4
< F3M £ =Rl A¥AE 2dE sPEn
129, iR DS/SS AREAF A& e AR BES
o3t 7o) 2849 5 Aok

. +o . . . .
57 =p 2 oty + 7% 1, &% @) g1t ~1T)
163
o 7)A

lily =17 modulus N

)
7!

Q7NN ~5 Ba A3UE e, P & BE A}
L2 A FEU HFE FUHY, g, 0 $AUEH
JHA Letolth cp; 9 coie 2tz j WA $41719)
FADOFH AQEe #F 239 & el
dix 8t dixe j AR $£4719 FH)F Q) ¥4
kA dlolg AES Jvepdch I3, eiAge g N
=T /TE B 848 veidd 3 714 T8 HE
3 Ty ¢ AE) °|5 Gp=To/T-& T3} #IZ 71X
123
(G» = N for BPSK, G, = N/2 for QPSK).

Z¥eslel F7] (coherent) CDMA 41719 L&+

{l}N = int

19 13} Zh $41% DS/SS-CDMA Al3e] 714 o
9 BHS M9 O A3 oz Y 28 o4
3te] ohest el vehdth

12} 1. 7hekstE F38]o]-ME CDMA 4+417)
Fig. 1 A simplified coherent CDMA receiver

M . © . . . .
§R(t)=}:. Vo & X ot +ic i d )
£

i=~m

&rlt —iT.—1;)-exp[j(Aw;t +A0)] +7. () (3)

714 A, & 7% 23 A7 Ad BAS el
£ 99 d5E YUepdh 4 & iid 9o 7RAIRE BE
2 ZAEHEY, 1ol 46, 747 nixig] 2| A7k
wint 94 MolE Jehich 1283, deie A £
Aol 9] Hkpn e @ ZAlojr). WA FRg-AlQt
FE ZZMA R () = () + 0 (0) PP AY
29 EZ WE (PSD) Nog 71AE= S5EAHQY
real/imaginary A} #-o]t}.

m. 45 &

A ME 4HE7Z o] R0 o)AkHQ AL
o} glold LRE IFSE FAFEVIEE Role 4
AHY ALE ro] Y FHA HAS Pigon
HAE718te] 739+ outage TEE T3t AAFHA
Az g golr gt

31 ANII|E 28

31.1 H|E 2§

£ 29 48 ¢x §713 Axdolzke 7MY
o) F3gc) ol =1, V), do=40 = Vj& 9v)
o TER, o)A A FAZRE st
A, AR o] dE F AEE gsF 2ol ®
et

1799



MEH RPN BE 'B-7 Vol 23 No.7

M
$N=TVPrd,, +T. ¥ Prd},CLy+N. () @

F=1,5#1

M .
$N=TNPNd, +T. T PAd},CLi+N. ()

J=1#

N-1
apiy Crm= I, Grsns m=bd
Mzgtel & 3¢, F o5 A e 3983
(Central limit theorem)el] 2J3] ¥F 08 7HA & 71
At AY WFE BPPY § AUtk Ch,= Ciodt 7t
A, A=(A, Ay - A)E ZAREI= 2HY F
88 23 2o
P:h:Q (5

i A Gl
J=1j#l
\/ I+ R
£¢ HYL 714 preferentially phased Gold
codesE AHE-3he A3 F713kE AlAdAA (7),
Crinm=-10ITh 2BE, (5 el 43} o] ¥y
gk

2Ey, ,
No ™
PL=0Q = Q(a(xX) ©
1+ x E
2G; No
4714
26
M No
= T o= ——— R
J=15# _Eb
\/ T+ 2G; No

olAl B LF ¥E2 thF ol FE F Uk
P":j: _rjw i AN PO A0 dX @®)

(D EE AR} 713 48E B2 7-9General
case)

TYE Ao BE AR &3 e A
7o), BE ARRAL 71¥ 2o 4%E Pevy vt
AsHE, o] B9 A% ok 7t 00 obd B
€ 7HE 7ML AEESES] AFeR doAE
noncentral chi-square ¥ ¥& FelsjEz} 4,)=12, -,
ME 59% HF mF FYF B o' /AL §

1800

Agos =gelaty HRec 19, B UE Y
4+ g 2o

(M-3)/4
PO = ) PE R o

A x
26* ((M—l)m2

(@) e o)

714 L (x) € ns F3€ 15 W4 golck
B oF $E2 oo Ao

1

oN2n

Ae—m)?
20?

P (g Q(ka(l))exp(— )p(x)dndx
0 v —o

a(X)m ) (10)

-1, o s
714 vlAg F4& AR FE Fol7] U =
Qe A% 49 circular symmetry A ™3 FE A
7t AYHYE o123 Q- 7heAlQt EXE 7}
Az 5 Y 9y WE R Fol AZ22 Y
W2 Je)d Roch

@ 71F AHEARE 7139 g3E B2 A H(Worst
case)

Z29 Yol AHEAE WA BT e AS
st 7o) 71E LA /1% 22 dge PET
X 7HEEE, 2 F 882 o Pk
Po=0 ( bm )

=\ N+re

2E,

&7 b N
Z1A = B
e
2G} No

3.1.2 Outage E§

B BE 280°] 7 dio]g HE $419] J¥TE
el th, outage 8 P oA 7§ 2R
£o] 71%F QAo AT 4A WEe] od J|E L
& P ol Hojd 8- JebAth outage BES
o2 vepd o3} 2

Pou= XD}, 1= Do) (12)



B/ Katl 9 ARS3HE §713 COMAHAIAILY 2eige] 88500 U4

A ()M Pl = POAT 718, o= olelst 2
o] e} gk

25
amty 13)
1+ X E
2G5 No
weld, 4 (13)2 o33} Zro] thA] &4}
X Ey
1567 N,
Wihveshord = a = f(X)
2E,
No
o 71A,
1) 1 i) _y-mp?
o s == [ exp[ - |,
=g(0) (14)
meki outage B2 the-3} 7k
Pra= j:" 200 p) dx as)
() ZE AR 7132} 93ke W= 2-2(General
case)

BE AR AHE 22 A$ Outage 8L o
&3} 7o) EHEQPrL
_ W=

e [
T eV2m Jod e P 20°

) PO dndx
Q16)

o (LD=m :
\/12_7[ Io .[-c: exp(—%)p(x)dhdx
D) NE AHEAT 71Fe] FEL e A Worst
case)
71E AHEAEE 1% AHE Witz e, &
o 7hd3E] thes) 7ol EYE:

1 2 —m)?
e I G
a7n
1 izm A})
= ° expl——]dn
N j_w p( 2
M-1) E
t+ 2G; No
Aihreshota = a =2
2E,
\/ No

32 RAIET |3 28

3214E 28

MENT H&she odee AR Alolo] AW
X9 J golw o2t SAlshE A4, 7S 7
A 2 24 FAFE713 CDMAS) HIE 0§
ARE [711E FZ8, 23 Zo] #5284 Uk

BBATE -3} 2ol Heshy,

3 ’ 1 T2 i -
[Chie 6.1 ) = j it =1 +1) (D)

< i

-cos[(t +1) +¢)dt

j » 1 7 ; ~
[CLix, 4, 11, 1)]"= 7 | clt=r+3)a®
c T

-sin{(t +1) +g}dt (18)
N=|
A7, cil®)= T i, rectr(t—iT)

# HolA rectr(t)e A F7) T.8 7K 7Y%
(rectangular pulse)©]t}.

1, 0<t<T,

rectr.(t)=
() {O, otherwise

a8, o P g oj43dd,

0 if i=J

1 otherwise

& AAEL e o) R "ok

I‘;‘,-El—é,;,:{ (19)

M
Ny, %, 8, & =T. VP Y @i
i

{d) .\ T.lCL k5, 85, 0, 1;—1)]
+d; ,T.00C) (x5, #i, ti—11, T5)
——d; r—1 [C;;(TI? ¢jv 0’ 7'-l'--‘tml)]

~d;,[C 515, 85, 1i— 4, TOI +NL (»)

M
Nir, %, ¢, &)=T. VP > oaitY

F=t
{d,, . TiulChilzj, 4;, 0, 7,— )]
+dirri-1[C;E:(ti: ¢)', Ti_fla Ts)]
+d; ., [C}o(z), 45, 0, 1;—%)]

+d; (C (s, 85, 15— 11, T +NL ()
(20
1801



WEEESAR S0t 'B-7 Vol 3 No7

oleho} e 27N,

E{di‘id:.k}'—‘oy vl, ky J!l
E{d;, ., d},}=0, V7 j 1)
Eld], d} =0, Vr,j

E{N? (n}=E{N. (M}=NoT; (22)

e BARE olefg 7
M
(672 =E{IN}2}=NoT: +T2P1 L a} A}
j=1
CEAT0Ch ), 85, 0, 1;— 1))
+T5.:1C 55, 85, ti—11, TP
+[Cl; IP(‘tl‘a ¢f’ Oa rf—fl)]z

+HCy i, 85, 1=, TP}

6/ =E{NJ}=NoT: +T.P, Z A}

=1
-EAT;,11CE ix;, 87, 0, 1;— )]
+T5.0C o, 85, 1= 10, THY

+[Chi a5, 65, 0, 1= TP

+[Ci s, 85, 1i— 10, TOP) (23)

ageg,
[0 = NoTs +PAM — 1) T? 1% 28
(001> = NoTs + PAM —1) T i}
o7)1M,

1 M
u’;E M-1 j§| 3 Hyp,

| ,
#75 M—1 X:I ai,y,,]
a7,

=2 [ r {Ty.10CE (A, Ag, 0, AD))?
o J O

+T,,1(C} (A1, Ad, At, TIP +[C2 (A1, A4, 0, AD)]?

+[CH (A1, Ad, A, TOP}- pAG) pAT) dAGdA

u, = [ [ Amdciias a4, 0, 808

1802

+T5,1C (A, Ad, A, TYP> +[Cj L(Ar, Ad, 0, AD]?
+(C} (A, Ad, At, TP} p(AG) fAr)dAddAT  (25)

A71M, px)e WE ¥F zo A FF D= F5
ojct.

THAIQE ZHEIA DA AR 282 HFEA
o2 ge 2

i
Po=— (P, +P.) 26)

71N k=p, qol el

2EsTs A}
sz,m:Q( ”[j‘?f;—’ ) 27
(1) & AMRRP7L 7399 488 w2 7Z-$(General
case)
‘ G o 2FEsTsA; )
£ = cee A, d 28
P Io -[o Q( [o—ﬂz f()da (28)

o714 random ¥4 9] B¥EI} (m, 6)E ME =
Aozt 7138, 9l¢] BER 2
square ¥l 9J3] th&3} 7ke] oA) & % ok

noncentral chi-

r= [ ol ZEBE ) rastoduan @9
(M ~3)f4 -
L) = 2162 ( " )M LA T

a*

(x/ﬂ myM-1 ) 20

] _(y-m?
L= NG exp( o
FAE WA ot

A71M AY ¥F = L Ajolth

i=1 14l

), LO0S 129 03

rlo

@ 7E AEAT e ARE W

case)

P= " Q(\/ 2Ll ) SO 9)
bl [0'1]

ZA-(Worst



B/ Katl 9§ AHESHE 5713 COMASIGAIZY 3R ae] 4843 8%

V. #iA w=

4 (6), (< ol&3Hd, 2& (8)F AAET Atk 1L
Y 2,37 4= 2713} CDMAS] HE 288 Ynty
Q1 749} Hole] 790 oisl, AWGNR 719 27
oA} AHERLE, QAL R3] o), Aol ule}

106400 gy

10E-0t -
1oE-2 -l
10803 ¥ (3R LN
1o |1
§ 1oe-os

10608 Y FTTTITLITIIITISIELY

106-07 } 5 ' 7% *0° « Mt Anin

0608 |

10600 &

10E-10
o

2 4 8 8 10 12 14 18 18 0 2 2% 2% ¥ B
Eb/MO {d8)

2 2. AWGN= 73% 240N E7131 CDMAS] H|E o8&
(M=1, 15, N=31)

Fig. 2 Bit error probability of synchronous CDMA with AWGN
and rain condition
for M=1 and M=15 users, and Gold code length N=31

1IEND ErrTs”

10€-01

o orEgiiieiist 2l Goneral coseiN w17 T
2 [t Gonere! case: N w2881~ ©
® O * worst cesaiN =

10802 . & *worst case: N =8
23|® O "worstoasmiNwizr (13
- = & ®pontcase: =288
§ 10000

T0E-OA b o

10E-08

10E-08
0 2 4 & 8 10 12 4 18 18 2V 2 NN 2N
€b/0 (98]

T2 3.7 2PN £713 CDMAS] G4%5 Yoldl ot
E2HE &
(M=15, N=31, 63, 127, 255)
Fig. 3 Bit error probability of synchronous CDMA with rain
condition
for M=15 users and Gold code length as a parameter

10600

ral casel
1060 § « e Gnaral Case. M =

- i3 Gonesat cAsOIM =
i 0 ®wostcasmiM =t LT
B = wonstcaseiN =t 5 T
10E2 | 9 = worst casei N *23 ;=

Eruewl
10604 | ;

1 0E 08 Ceeenoiaratoria W

106-08

0 2 4 6 B 10 12 % 18 19 20 22 24 26 28 30 X 34 ¥ 0 a0
Eom {aB]

2 4. 7% 2A01M §713t CDMA2] ARgRLFol] W u)
Eg
(M=1, 11, 23, N=31)
Fig. 4 Bit error probability of synchronous CDMA with rain
condition
for Gold code length N=31 and users as a parameter

T8 T etk I8 2& g J1FERA g% F
713} CDMA A\ 2d %59 3 5§ HoFE
golot. 1yl BE uig} 72o] 1078 HIE 288
H2517] 918 AWGN aAd= w3l GubAd 7
S+ o 6.5dB, Hote] A9+ oF 8.5dB A& E, /N,
Z717F o3t} 971M, E, N 9] HEE X
kA v g A3d FEHdel FE3AL 1Y
22 Z7R1E E, INE HE 288 Z4aAA, 2F
Aol 28 A7) irreducible MIE @&l Tt
2A gt} I8}, AWGNe tisiME F713te] 3¢
o] A7) %S FAGNE JolBE, IjEe EX
4R Btk I¢ 32 JA ¥39 Zojrt F7t
gl we}l A2 o|Fo] FojURE HE 28] FA
e BojFm ok AL 127 F o] & ¥3
o] PoldlME & AFMAE BHelx etk 1¥ 4

AR AR fE Al2" A Roled, Af £
A ARARE7E Z7Hel whel Al F3vt o
B g 2t

Outage & (15)% 18 59 69l 742k N =314
A9 M =13 M =159 ti3] ztz BeqZick 38 5
9} P 6& 107¢] outage HEL A7l HHME,
107,107, 10™ Z+zte] Akl il 17.5, 20, 21dB 9]

1803



ELE2 BRI '8-7 Vol 23 No.7

|KM1

10E-01 o PY ® 102 x
~0—PO %103 } :
—&— PO 2104 ¢

sy e gk

1DE-08

© 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 &0
Eo/M0 {08]

2l 5 74 Z2A0A £7]13 CDMAQ] outage 2.8 (M=I,
N=31)
Fig. 5Outage probability for synchronous CDMA with rain
condition
for M=1 user and Gold code length N=31

10€400

10E-01 |

sme-oz .

I case: PO 21027
10€-03 || O Geoneral case: PO =10-8
—fr— Gonerai case: PO =~ 1041

= O wworstcase:PO =102 1 -
* O =worstcase: PO =104

l B}
l
"‘ a “Worst case: PO » 104 T

0 2 4 8 B 10 12 14 16 1B 20 22 24 28 28 30
€b/NO {08)

2l 6. 7% ZHGAM E713 CDMAS outage 28 (M=IS,
N=31)
Fig. 6 Outage probability for synchronous CDMA with rain
condition
for M=15 users and Gold code length N=31

E,/N 7t g3tk 19 6& 799 571 ANE
E AR BHE B AL 21E AR A E
o A9l aisl dA p, & JHAL E NS
2 outage FL HAFE Jaizo|ch BE AR}
2o AAE 22 AL, 1079 outage $8E 47
s, YA el 107Ut v wated, YAl 107

1804

= oF 4dB, YAZho] 107°YdE o 7dBY] E,/No 5
7b7F vebdth £ J¥N 71E ARART 7‘%94
ANFEE B2 AE AN A A 9%
= outage B8] FA F7Hhe HAF
33k ol F713F CDMAS] 34 %<l
THATE 300 THREN, 2o A &
AFE718t CDMAS] %5 323 siNAFHE o438
of thadt 2ol &5 Utk ¥ TME AWGN
A7 e A E/INo=10dB, N =31, M=159])
A Bolg 27 e 9¥E HoAEn I9 72 ol&H
A Azet AgEolde] Ayt s dAFE B
AFEoh 29 79 ZA2NE JAREF-EE I8
AZLEN dE ol5e] A J Eol® 2771 13
ol Held d, AlRtdE F HAFEq T A%
o] 734 sl thsl BER Bto]Y 9. RAEE Eol
B 2F IR o a2y o, beby Zashs A
& Hok A9 AWGNS vlusjud, 7% =
2 5713t CDMA Al=d 235 ] 4y F I%E

T <=1
73 T BEE, o2 Wr)F e B A
4 e 09 28T RS olhE BET
o

Aok 2y, A2 FHEA A A §71
3} CDMA7} REA1 278 5 FolFE BAE
t} o] %7)3t CDMA7Z} H|E7]3 CDMAo)] HI3|
HA(near-far) 7o} & TI7HEHe HojZc)

106-01

ms—oz% 3

BER

N

~D—General case ; Analysls

"1 —#—Gensrel case ; Simulatio
! —8—worsi case ; Analysis

i —d—wWorst case ; Simutation |

10€-03

10604 faguszonszssnsras

0 1 2 3 4
Maximum tirming error (Tel

a2t 7.7 Z36A {§ALE 713 CDMAS] ol e fef u}
B HE 28
Fig.7 Bit error probability of quasi-synchronous CDMA versus
timing error with rain
condition for M=15 users, Eb/N0=10dB and Gold code length
N=31 as a parameter



R /Kt & AH3hs 5718 COMASI A AY Bl ae] 54830 dg

viae

B =RoME Ka g FAHY B Al2dE 4
¥ §713 CDMA 29 P39 458 43+
2 FFE KadigelA] 71§ =1L F712% CDMA
N2| el HaE gge Fue et 1
B2 o & U5 e A dNY Fe4E @
% ZARNAE T8, §713% CDMAE Ao
830 g FEE PolFn BYET HHA
€ 93 20 ol 713 CDMAYL v §7)3
CDMAd] 3] 92&3je] & 0Rge HAFER
ojt}.

7ol g A3 AHE F A FHEE AHA
7t 7 gL T FrS NIEAEAT ALY
€ e ZAPE o] YT T 2 A =
2¢ 942 s 42 o, 1079 HE 288 A&
ol o 2dBE5S] E, /No o7t YT w3}
Foll o% 9 B F718 A2HLS vE7] Alx
Wl vish AY Aoje] Fgo] dairt

FF & =AM £48 A5 2 9% 48 7
Ro g3, 71§ 20 A% e SE) 9%
el i@ AHAE 9, Y Ao, 27/ HF &
Z, gl AE 71Y) & <@ 7Yl F71%
CDMA 914 A 2de] 5ol vlxle F8 #40] 3
szokd Zolw Al WAy FA71Y g ¥
A7t AR Foltk

#oEd

1. L. C. Palmer, E. Laborde, A. Stern and P. Y. Sohn,
“A personal communications network using a Ka
band satellite,” IEEE J. Select. Areas Commun.,
vol.10, no.2, pp.401-417, Feb. 1992.

2. G. Losquadro, “Multimedia services using portable
and mobile satellite terminals,” ACTS mobile
communications summit, Granada (Spain), pp.411-
418, Nov. 27-29, 1996.

3. 814 gEvide Zig Aoy, @5 BAIRE, 34,
1997.

4.1EICE Trans. on Commun., Special issue on

advances in satellite communications forward
multimedia era, vol. ER0-B, no.1, Jan. 1997.

5. K. S. Gilhousen, 1. M. Jacobs, R. Padovani and L. A.
Weaver, Ir., “Increased capacity using CDMA for
mobile satellite communications,” IEEE J. Select.
Areas Commun., vol.8, pp.503-514, May 1990.

6.R.D. Gaudenzi, F. Giannetti and M. Luise,
“Advances in satellite CDMA transmission for
mobile and personal communications,” Proc. of
IEEE, vol.84, no.1, pp.18-39, Jan. 1996.

7.R. D. Gaudenzi, C. Elia and R. Viola, “Bandlimited
quasi-synchronous CDMA:A novel satellite access
technique for mobile and personal communication
systems,” IEEE J. Select. Areas Commun., vol.10,
no.2, pp.328-343, Feb. 1992.

8.C. Valadon, P. Taaghol, B. G. Evans and R.
Tafazolli, “Link design and dimensioning of CDMA,
the alternative multiple access in SECOMS,” Third
Ka band utilization conference, Sorrento, Italy,
pp-503-510, 15-18, Sept. 1997.

9.8S. Crozier, B. Mazur and L. Erup, “Design of a
synchronous CDM forward link and a quasi-
synchronous CDMA return link for future satellite
based mobile and personal communication systems,”
International mobile satellite conference, pp.473-478,
1997

10. 33, 28F, G538 ey, o188, A5E,
Katlg A7 715 R 72 47 4F BEX
A, T AAEA A4, 1997.

11. Proc. of IEEE, Special issue on Ka band propaga-
tion effects on earth-satellites link, vol.85, no.6,
June, 1997.

12.C. Loo, "Statistical models for land mobile and
fixed satellite communications at Ka band,” IEEE
Vehicular Technology Conference, Atlanta, the
US.A,, pp.1023-1027, 1996.

13.R. D.J. van Nee, H. S. Misser and R. Prasad,
“Direct sequence spread spectrum in a shadowed
Rician fading land mobile satellite channel,” IEEE
1. Select. Areas Commun., vol.10, no.2, pp. 350-

1805



WEEHEA PR '98-7 Vol 2 No.7

357, Feb. 1992.

14. M. B. Pursley, “Performance evaluation for phase-
coded spread spectrum multiple-access communica-
tions-part I: system analysis,” IEEE Trans.
Commun., vol. COM-35, pp.795-799, Aug. 1977

15.P. Beckmann, Probability in communication

engineering, Harcourt, Brace & World, Inc., 1967

& S & (Seung-hoon Hwang) 2] 91

19693 24 26YX

19923 29 ANty A7) T8
3 SU(FEAD

19943 29 AN A 7)1F8
F FAFEHAD

199433 39~3A) :dA stz A
7158 A

¥T DA RO T B B4, A A o)l FEEAN

e-mail:shhwang @commsys. yonsei. ac. kr.

0| & %! (Yong-han Lee) 3]

19723 119 494

19963 2€: AA Bty A58
4 EU9(FHAD

19983 294 AM B H71F8
I EFAEF?AAD

19983 39~ A A AR} C&C
A7a A7

#TBHEF T 3 B, 944 B olFEA

1806

8} & A (Yong-seo Park) A 3} 9]

19583 19 224A8

1982'd 29 AM 3t A7)F%
3 FU(FHD

1984\d 29 QM8 A 7)58
3 SA(FEHHAD

1988\ 8 AMH AL 4753}
F EA(FAD

19893 39~HA:F A gty A7 HAZ Y F7 e

19933 19~1994'3 29:University of South Florida A
7% A 2

*FBHEL 0] FFA ALY, 2HEHRT B,

YAE Az Az

e-mail:yspark @main. kyungwon. ac. kr

& = 2t (Keum-chan Whan)% 3] 9

19443 79 1844

19673 29 AN & A7) 58}
I EA(F D

19793 69 :Polytechic Insitute of
New York,Electrical
Eng.(Ph.D)

19803 99~ : AN} A7) 8 w4
*FZYEOE )] FFAEA, A JNE, g ER
A

e-mail:kcwhang @bubble. yonsei. ac. kr




