
D S - C D M A Perf o r in an c e wit 11 M axi m i  in Rat io 
Combining and Ant e m a  Arrays in Nakaganii 

Mult ipat 11 Fading 

.Ab.sfriart The Indooi, Wireless Corrirrinnicatiori (IWC) 
c:hannel is very hostile to a DS-CDMA signal and there- 
fore effec:tive t~ectiriiqiies are needed t,o enhance system per- 
fornianc:e and c:apacit,y. By implerrient,ing antenna arrays, 
diversity schernes o r  a combination of ant,enna arrays and 
diversity techniques, t he  receiver can discriminate between 
i isers  by their tertiporal signatures. spatial signatures and 
also m a k e  use of t,he statistic independence of t,he received 
signal. In  t,tiis st,udy we a re  interested in IWC performance 
and t,herefore t,he channel model is assumed t,o be Nakagami 
distributed. At. t,he receiver an away of ;!,f witerinas is used 

ate bet,ween the  users based on t.heir spat,ial di- 
fading process at, each of t,he antenna element,s 

ally dependent, and  furt,her irripi*ovenient,s can 
be reiilized by making iise of the independent fading char- 
ac:terist.ic:s of t,he received signal. To make iise of this &a- 
t,ist,ic:al independent informat,ion, t h e  perforrriance of a P 
branc:h Maxirriurri Rat,io Combining (MRC) receiver is also 
wnsidered. We fiirther investigate the perforniaric:e of a 
c:oriibiniition of P clust,ers of %f anteririils separat,ed by t h e  
c:oherenc:e bandwitlt,h of t,he channel, tdiereby making use of 
h t , h  forms of spatial diversity. A cwrriparison of t,he three  
scherries (ant.enna arrays, MR.C diversit,y and a combination 
of antenna arrays iind MRC diversity) iinder equal complex- 
it,y c:oncfit.ions are made under rriiilt,ipat,h fading conditions. 
It, is shown t,tiat the perforrriance iind c:apac:it,y of a MRC di- 
versit,y receiver, under the  given assrimpt,ions, out,perfornis 
t he  ot.her t,wo riiet,hods. 
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are grouped i i i  t’ clust.ers. ‘llte AI aiit eiiiiits represent ail 
aiiteniia a r r q  wliere t,lie received sigiial is a delayed replica 
ii.1 each of tlte M a.iit.t?llliits, assuii-ied IO 1.w wi t , l i i i i  the CO- 
I I ~ W I I W  I~aiitlwidth of the clia~i~lel. 1~;i~cl i  of the P clusters 
itre ~epiir;tted spatiitlly i r i  such R. wity t.1i:i.t I I W  signals are 
received sta.tistically independent. \Vlteii M = I ,  !lie para- 
iiieter ;IF is uiiity. \Vieit a coiiit)iiia.tioii of aiit,eriiia arrays 
atid M H C ’  diversity are considereti the receiver is ternied a 
Ih ih le  Spiitiiil aiid ‘leiriporal Filter ( DS’T tp) receiver since 
i t  iiia.kes use of hot.11 sptial diversity techniques and t,em- 
1)oraI filtrriiii. 

I I I  (lie systeln there are I< users ii.iid t.lie data sigiial, 
b ~ . (  / ) ,  of user 1: is a sequelice of uiiit ainplit,udr posit,ive and 
iiega,~ ive r e c ~  aiigirlar pulses of durat ioii ‘1’. The n~odulation 
sclieii~r is ;tssiinied t.o he simple coliereiit, BPSIi and user 
li = 1 is itrbitrarily chosen its tlie reference user. All the 
coilclusions are iievert,heless expected to he generally brue 
for itny linear iiiodulation sclienie. 

‘I‘he data. sigtial of e x h  user is sprt.itd 1 ) ~  it spreadiiig 
seclileitce. Q ( / . ) ~  wi th  period A’ = ,7’/’L:.. 1 1 1  this paper we 
used P 3  sequaices with differetit i t i i t  ial loadings t,o calcu- 
late (,Ire iiuiiierical result,s. This implies that soiiie form of 
code syiichroiiizat ioii is iieeded fro111 (.lie basestat,ioii. 

‘l‘lie coniplex lowpass equivaleiit iiiipiilse respoiise of t,he 
l)itsst)al1d chittiitel for t,he link hetweell tlie ktli  user and t,he 
hsest,at ioii ca,ir })e represeiit,ed by 

I, Hy the assuiiiptioli t l i i i t  the plisse tlelnq lockiiig of (lie 

receiver to tlie desired received sigiiiil, (6) (‘itti be ex~~ressed / j l ( t )  = 1 L I I S ( I  - tr)exp(jol) ,  ( 1 )  
as 1=1 

\\liere dl IS a Nakagaiiii distributed raiidoni path gain, 
01 is tile randoin path phase uniformly dis t r ihted between 
[O, 2 ~ ) .  ‘The I ,  paths model stems froiii the fact that spread 

iiiucli wider thaii the coherence baiidwidtli oftlie multipath 

rrsol ved . 

writteii  as 

L‘L7b1[l 11 ( 7 )  13’ 7 L O 

spectriiiit signaliiig with a transmitted sigrial bandwidth 

fadiiig clianiiel enables the inult ipatJi components to be 

IC 

+ !!3k{bklrLi.,l(q.) + b i R f i , l ( ~ k ) } % .  ~IlafiII c o s h  
k=3 

I. .-I + 7 d i{b l lR i , i (~ t )  + biR I i ( ~ ) } ~ i , i l / ~ i l l  c 0 : , 0 1  2 

+ I /  

‘the traiisniitted and received sigitals caii respectively be 
!=? 

and 

I= 1 

cos(LJ,t - LJ,rt + 81) + n ( t )  

wi th  
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In coiiclusioii i t  is further noted that the iiiiportaiiw of 
tiiultipatlt systeiii desigri parameters caii be written as ( i i i  

order of iniportaiice) P - AI - !V. '1 herefore. to iiicrease 
c.;tpacit> i t i  R l)%C'I)blA systeni. i t  is iiiore desirable to 
i i i creae  either tlie iiumher of diversity hranches ( P )  o r  
tlie tiuiithet of iititetiiia arrays (.I!) before iiicreaing the 
l)ro('essitig gatti ( .Y) 'lhe coniplexity it i ic l  t~niidwitltti ex- 
I) i t t is iOti  result itig ftoiii i t t l  iiicrease i t t  ,\ is iioriiiitlly unde- 
si riible 
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Fig. 2 .  IiiRiieiire of rhc processing gain ( :V) on syst,cnt pcrforuiiuicc: 
1; = 50 and nl = s. at. Gt,/!V() = 5 dR 
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Fig. 9. C'oniparison of the pci forinancc of an e y n l  niiinkwr of antenna 
= I arrays and rli.r.ersityI,raiicl,cs. li = 2.  T. = 2. .V = 51 I and 
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Fig. (i. Prrfornimcc of t,he DSTF rcccivcr (combinntion of ant.cnna 
arrays aiic-I diversity branclics). Ti = 2. T, = 5! 3' = 5 1  1 and 

Fig. tJ. Prrfririnaiirr for high vahlrs (lo\r fading) of t.lir Nnkagaiiii 
fading paramrt,cr for li- = T'O, I. = T' and R = ( i . ? 7 }  

>ti = I 
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