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ABSTRACT

The amplitude of a multipath signal in terrestrial mobile communication is affected severely by Rayleigh distribut-
ion. We can improve the performance of bit error rate by resolving each multipath signal by means of DS-CDMA
with RAKE receiver of diversity order L.

This paper evaluates the bit error performance of BPSK DS-CDMA over Rayleigh fading channel. The numerical
upper bound expression of average bit error probability of BPSK DS-CDMA with diversity order L over Rayleigh
fading channel is derived, and the results are shown through curves by using variables of bit energy-to-Gaussian
noise power spectral density FE,/N,, number of users N, processing gain N,, and diversity order L. And, the

above results are compared with uncoded average bit error probability and analyzed.

LM &8 3t Rician) #Hojd MR oozt AR afdo

ol doldg AL A3y g FMNA A F

O EEANNME AR Adel 93l meld #A 9ltt. CDMA (Code division multiple Access) HWha|2 3
o] WhRitt. AdE ZA | olF Bl #HY goz ASE FHAA HoldE Y + U ¥
2] (Rayleigh) sllojdd Ad3} 943 FAlelA 9] gholA olljel, A3 A Fu4g o] AME-8lAL, pseudo-

* FUFHUY PR, F
=5 98004-0828, RA5UA: 199813 89 28Y

www.dbpia.co.kr



GZEAI8}3) =8 ‘98-11 Vol.23 No.lIT

noise (PN)2} Ea8]$-v ZEF ZF ALgAlAl Hoist
o & A WM 3 & ¢ de AR #E 37
A7tk o] W& gHZow tiige 7 ANzE B
2] fAalste] thelHAJE] (diversity)ol] oJ& -3 4|
E d2 4% 4 & do'l CDMA AdeiMe
ERALE-2Lo| 9% il H<& ZFAY (multiple access in-
terference : MAD) % t}7d g9 & zpa|7H4d (self-in-
terference)e] 2Ash=t], MAI= CDMA 4 %o =4
4gg v PN Z=E A9 s VAW
o] & HasAAHF QUth

B m=Ee gdy #ojd AdelA RAKE tho]#A
E] 24 [ 9 BPSK 2% AlfA CDMA (DS-CDMA)
2] ME 27 4%E AFIAL HE i/ HeE
HIE iR (E,) t 7F-AI9E FE A8 UE(N,)
¥l E,/N,, 4 U] A8 N OE telyAE 7
24 Lo ¥R AEHAT

¥ =8 2%elME DS-CDMAS g ¥ oy
el sHold Ado] st AMEaisich 34elA=
dda] #Hold adolA #HFA (convolutional) =
# toleje] BPSK DS-CDMA HIE 9% 3M8-9| upper
boundE FHHe g f&&y, 1 AAE L=1,2,3
A o AL Fdl] Hol FR1, uncoded HE @
H & upper bound$} H|ZEAT. 2 o]5 9 L
o] AA4E, ouln EYALE (trellis diagram)o)
dree?t ARAFE HE 7/ %50l F7isti, AHeAL
4 No| Bold$% vE Ff %] dAEE By
FAck w3l coded BPSK DS-CDMS2] H|E 9F
A%20| uncoded?] A>T} 253E Hol ZQiul

II. AlAH ZHR

CDMAE & 4 <k ol BE AMERPIA A5 o
AE WE FRITE o 2 TV Y
oz g3 e AHgAMEe Mg WY er
EAECE

DS-CDMA:= g thg3 go] F&grt kth A}
£z212] PNoll o3ted dig &4dsl 4 AT s()E
gAR AYe st £4 Az AH7h ok 9]
o, AR Adel olste] AZe] 7 R 9de] H
st} 2|do] dojudrt. A AZF HH¥E PNel| 93}
o] o#iiE 3, RAKE $2171d| ofsted R 7b5¢
AFEz Y F AdEd. & 4 o] A 5
7} NSl BPSK DS-CDMA kth ARgztel 44l A&

© &3 g
si(B) = V2P 8D ci P cosQnf.t+6,) %)

A71M k=1,2,-, N, P& &4 H¥, f.& =l
(carrier) F3=7, 4,+= 7Helo] S 742 yehdoh
2 (DelA HllolEe b)) (—1,1}& A& ARF T2l
Hrolg, PN o) e{~1,1}22 AFAZ] T.¢
Heoltk whihd, AE) olE N =T/T.. FEEE F
et A g ok gk

W) =VIP g’g Qenbi(t= Tp) (= Tpn)

X cos@nf.t + Owm)+ n(d

@

A7 @, Tpn R Op > kth ARRAFR] nth 7320
A AE AAAZE R Az vepdch £33 w()
£ two-sided A ~®EY AT} N /29 o HWF

0.

g vepdch og A )7 t= Tl RAKE 4
A WA E7] % (coherent detection) & vh&

ot

V2P | D e et 10y cOS @Rt + B4 dt

Z

(3)

It

Dy + 1+ i

A7 Dy gdhe A& 8, Ly 3 2 e
a(nell olg &3& Jehdth Mle MAI 2 244
o ojfolAwd, A e FAE Pz
Atk RAKE FA7|oA g 7l AeE5E LA
g st ME o i Hes A & it
e &g Ade deluAE Bz L vy
o] BAIEC

L=[T,W+1] CY)

A7 T, TAZ S8 JEpm, [x]E xRn
2AY 2RT RowA A 2 4B o)
$ W=1/T. 247 AH,

o Nzel AE 4,8 dYe) BEE 2@, )

the Al e Zeovd

4 www.dbpia.co.kr



w&dYe dold Adelr clelyA] F24 L BPSK DS-CDMA % #7}

y= g F S

y& n degrees of freedom®| chi-square £¥& 2t
i, yo & U &< (probability density function
:pdf) p(y)e thEE Zeo] Fojaghl

1l ar-1 -y
oy) = 72 yle ®)
2

A71A o B,

£, 2
= 2 7
Y 2 @y M

A7|A v, HIE F A% o AM 2g d] (signal-to-
N,& tg3 o] §

total noise ratio)E el 1L,

A€},
N,=1I,+N, ®)

A7 14 Ly 2 dY ~dEY Ywo|th EF, &
da] #old Adeld Add HaTE AE o HF F
g4 7 = 2h ol p deluAd Azs LY
DS-CDMA A]A"loA] 2L degrees of freedom chi-
square 2-X& zteth. A2 nol Awglo] E(al)ol
2o, & G)-(H2FE b3} 22 pdf p(r,)E +
&g 4 slok

p()'b)=—i_l—:Tl)!—??— e ™ ©)

III. HE 28/ NS o}
P vE o/ ¥E P U #rh
P, = j:o Pz( ?’b) P()’b) dys (103

A71A Pyy,)E ZAH (conditional) WE ¢7F &
£2 DS-CDMA7} Ale3tn U AEFH 2=

£ e} go] ol

Pz(?’b)S‘ZL

2 s oV 7RA) )

A71M By = a  f(d)BN a,v EdE2%2 all zero
AzaRel At ¢8 A2EY £ velln, Ad)
= g HE ‘179 93t dojue EZE EHA
(branchyE¢] o] (transition)s} BAECE 4 (10)4]
R. v #AYFA =9 ASE (code rate)E Vel
dv Edg A% all zero 729 oJWl T (node)
o} ghie= A Holrel 729 Hamming A& e
ok mebd, clelwAle] ARzt L] #de] #He
o aidd e i BE 9F 82 upper bound=
A9 2 ADE Q0 wslskd o g

Pr)<E 3 Beerso(V7iRd )

-1 _nir
X (L_11)17L‘ 7s e T dy,

(12)

e "Flolmzm A 12)E

83, erfe(V r,Rd)<
33 o] & F th

Pyys) S% d;ﬁ ﬁde*nk‘d

X ATe a4

oo

_ 1 .__._______
T2 dg Ba (7.R.d+1)"

%7] BPSK A% HE o§F &8 g3 do]
ofzith

N, (14)

P B % e?’fC( Eb )
T8, erfo(x) =2Q(V2 x)°1 B2, P,=QV2E/N,).
ERElo2RE L=1Y @ th #ANE 48 F
2tk

o

2Ey (N—-l No)

N o5 (15)

www.dbpia.co.kr 5



PR EANE=8A) ‘98-11 Vol23 No.lIT

4 19)4e 7’\'3,4’—@1 qeld Helsw ted ge
Ae de % gloh

E,
E, N,

N, T 2N-1 E
3N, N

[

(16)

4 (16)% cholmAlE 2% LY A%l distel A
g9 thew) e A4S A8 & Yok

E,
Ey _ Ne an
N, |4 2LN=1) E,

3N, N,

elde) sle]sd el DS-COMASIA Tl 7= L2

3 A 0DE A3 g, dde] #Hojd ade]
A tlolelAE] Z& L] BPSK DS-CDMAS] i v]
E 9F 8o upper boundE Thawt 2ol 78 4 glrk

o {
Py 3 8 e (18)
Nﬂ
1+ 20UN—-1) E,
3N, N,

R.d+1

Uncoded HIE 2% A%< 9 2 (14§ 4 (10)
o tisddta, 4 (1NE AHEEHH vkt gt

1

P <% E,,l (19)

:Eé‘ 1. Rr=1/3y d/me=6 E@E]—/—EE
Fig. 1 R.=1/3, dpe =6 trellis diagram

10 e e e e S
... uncoded numerical
) ____: coded numerical
101 .,
£107) ..\_\'\- Coe
z N T
2 N T
B0’ L O\
Q AN N
S BN -
e N, . L=2
& . N ~ L J
E 10 \ O
[
[=2} N\ —
h i N e
Ly
210 AN L=3 1
\\ < Te e
N=20 e
i ~. {
6l Nc=1,024 e I
10 g 1
\ Tre—
10{‘ - " 4 - p— . SN N ——
0 5 10 15 20 25 30

average SNR/bit (dB)

agl 2. ddel Held shdelA delHAlE AR4 LY
BPSK DS-CSMA BHIE <°F #& R.=1/3,
diee=6, L=1,2,3, No=1,024, N=20

Fig. 2 Bit ecrror probability of BPSK DS-CDMA with
diversity order [. over Rayleigh fading channel
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Fig. 3 Bit crror probability of BPSK DS-CDMA versus
number of users over Rayleigh fading channel
R.=1/3, dpo=6, L=1,2,3, N.=1,024, N=20
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