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Abstract - Transmit diversity can significant.ly 
improve system performance by providing diversity 
gain against Rayleigh fading channels for downlink 
CDMA systems. In this paper, a delay transmit di­
versity scheme combined with multiuser detection 
is proposed for the convolutionally coded CDMA· 
systems. The performance of the proposed detec­
tor is evaluated and compared with the uncoded 
system and the conventional coded system without 
multiuser detection. The simulation results show 
that the significant improvement can be achieved 
in t.l1e system performance.1

I. Introduction

The performance of the code division multiple ac­
cess (CDMA) system with one antenna for trans­
mitting and receiving is rather poor in flat fading 
channels. By deploying multiple transmit and re­
ceive antennas, the antenna diversity can be uti­
lized to improve the system performance, especially 
for the application of the rapid data flow. Because 
of the strict complexity requirements of terminals 
and the characteristics of the downlink channel, 
multiple receive antennas is not a desired solution 
to improve the downlink capacity. Alternative so­
lutions have been proposed that the transmit diver­
sity {TD) at the base station with multiple trans­
mit antennas will increase downlink capacity with 
only minor increase in the terminal implementa­
tions. In fact, it can be shown that multiple trans­
mit antennas can provide more diversity gains than 
same number of receive antennas. A number of TD 
schemes have been published in [1]-[5]. 
A method of using convolutional codes with a 
multi-antenna transmission scheme for CDMA sys­
t.eri1S is proposed in [6]. The better system perfor­
mance can be achieved comparing to the. uncoded 
delay diversity appro;ich (2] when the fading is not 
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Fig. 1. The transmitter with multi-antenna for the hh user 

very slow and the interleaving depth is large. But 
the multiple access interference (MAI) degrade the 
system performance both in uplink and downlink. 
In this paper, transmit diversity with multiuser de­
tection (MUD) is proposed to combat against �1AI. 
The encoded bits a.re distributed to the multiple 
transmit antennas. The multiuser detection will 
be utilized to matigate the MAI effects. 
The rest of the paper is organized as follows: Sec­
tion II presents the system model of transmit and 
receive antennas and the cyclostationary minimized 
output energy (CMOE) MUD approach. The per­
formance analysis of the proposed detector is ex­
pressed in Section III. Tl1e system performance of 
the proposed concept is evaluated and compared 
to coinpet.ing proposals in Secion III. Finally, the 
conclusions are given in Section IV. 

II. System Model
Without loss of generality, we conside·r downlink 
performance of a DS/CDMA system consisting of 
J( users transmitting synchronously over frequency 
nonselective Rayleigh fa.ding channels. The bina.ry 
data br of duration T enters a rate 1/M convolu­
tional encoder at the ith data bit interval, and pro­
duces M coded bits { x� 1, • • • , x� M} in the trans­
mitter of the kt.h user: • The �eceiver demodu­
lates a received signal coherently (with or ,vithout 
lWUD) and decodes by Viterbi-Algorithm with per-
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fect cliaiinel stat,e iiiforinatioii (CSI) , ~ c o s ( w , t  + e:) 
A .  Transmitter Model 

The transmitter of tlie kth user is sliowii in Fig.1. 
Each t,raiisiiiit,ter is assumed t,o have A f  antennas. r (  
Each of tlie 11/1 coded bits a t  some data bit interval 
is assigned to different antelilia respect,ively. Define 
t(he ktli user’s coded iiiforiiiaOioii signal ai, t,he 17lt.h 
antenria as 

CO 

.t.f;,(t) = C .t.f,,,,PT(f - iT) ,  (1) 
1 = - - M  

where PT is a rectangular pulse of durat.ioii T .  The 
spreading signature of the ktli user is defined as 

CO 

~ ‘ ( 1 )  = a$$(t  - jT,), (2) 
j= -m 

where aJ” is the j t l i  cllip (*I) of the ktli user’s 
spreading code and IC,(.) is tlie chip waveform. In 
this paper, we assuiiie that $J(.) is a rectangular 
pulse of duration T,, and that. each spreading se- 
quence has a period of N = T/Tc which just spans 
one coded bit. After the spreading procedure, time 
delay d,, is intentionally introduced a t  the ? 7 ? t h  an- 
teiiiia for all users before transmission. We assuiiie 
that d,,/T, is an intgger and . without loss of gener- 
ality, define dl = 0, and d l  < d:! < . . . < d,,a < T .  
The resulting traiisniitted signal of k th user from 
mth antenna is given by 

sn1(t) k = @&t - c l , , ) U k ( ( t  - d n ; , ) C O S W c f ,  (3) 

where wc is the carrier frequency and E,“ is the 
energy of a coded bit defined as 

T 

E$ = [s:,(t)] ’dt. (4) 

Then, the energy of a data bit, is given by E: = 
MES.’. Tlie transmitted signal of the ntth antenna 
is 

I<* 

Sf,, (1 1 = S k I  ( t  ) (5) 
k=l 

B. Channel Model 
In this paper, we assume a frequency-nonselective 
Rayleigh fading channel. Tlie lowpass equivalent 
inipulse response of tlie channel for the link be- 
tween tlie 17?th antenna oi the base station to the 
antenna of the ktli user’s receiver caii be niodeled 
as 

ht;,(t) = p:,(l)s(t)eJ@: (6) 
wliere a(.) is the Kronecker delt,a, O:;, is a pliase- 
shift, and a,”;, (1) is a pat,li gain due t,o Rayleigli 

Fig. 2. The receiver for the kth user 

fading. For simplicity, a path gain is normalized 
to satisfy ~ [ l & ( t ) / ~ ]  = I , v ~ .  e;;, is an indepen- 
dent random variable uniformly distributed over 
tlie interval [O,2.n). In addition to fading, tlie sig- 
nal is corrupted by additive white Gaussian noise 
(AWCTN) with two sided power spectral density of 
NOP. 

C. Receiver Model 

Fig2  shows tlie structure of tlie receiver. The main 
difference between tlie proposed receiver and the 
structure as refered in [GI is that a MUD is uti- 
lized to coinbat MAI. In tlie assuiiied dowiiliiik sys- 
tem, tlie signals for all users arrive at each terminal 
synchronously in single-path. Tlie coiit iiiuous-time 
received signal of tlie nth user is given by 

where 77 ( t )  is the Gaussian noise component. 
It is assuiiied that user 1 is the desired user and 
the signal shl will be demodulated. Without loss 
of generality, a perfect. synclironizat,ion is assuiiied. 
Then the outputs of the chip matched filter Sam- 
pling at chip rate can be given by 

21, t?F = m{ p;,”l *c:,tJl 1 +si ,1?1 +I1 , ? J X }  + N i ,  111 7 ( 

where Z,,,,,,.41,S ,,?, ;,,Il ,,,,, Nl,,,,are all N x 1 vec- 
tors. Z,,,,, is saiiiples of chip matched filter out- 
put, A1 is the user‘s norinalized spreading code, 
i.e. ]All2 = 1, S,,,, is the user’s self interference 
from other transinit antennas, I,,,,, is other users’ 
interference, is tlie additive noise. 
Tlie conventional receiver which correlates Z,,,,, 
with i l l  has not utilized the cyclostationary prop- 
erty of the spread sequence. In this paper, 
the RIUD algorithm constrained iiiiiiiiiiuiii out- 
put energy (CMOE) [TI which can esploite this 
property is used. This RIUD algorithni chooses 
PL-l,,,, to minimize the output energy (RIOE) 
min E{/IT;E~,,,z,,,,,I~} while satisfying T V ~ , ; , A ~  = 1. 
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The solution of W191,, is 

Rz,, is the correlation iiiatris of Z,,,,, . Simulations 
show that. a block processing based on direct iiia- 
trix inversion (DMI) is preferred; the block length 
should be chosen to tradeoff between BER perfor- 
inaiice, time delay, aiid the cliangiiig rate of tlie 
number of active users. In simulations, we assumed 
that we averaged the correlation niatqris Rz,, from 
sufficient da ta  samples. At tlie sanie time, Ri: 
can also be calculated on-line with iiiatris inver- 
sion lemma. Other processing techniques are the 
saiiie as in [GI. 

D. Pe rfornia lice Analysis 

Because MUD algorithm can aiiiplify tlie variance 
of noise aiid suppress interference, different W'k ,nz 

will be created in CMOE MUD due to tlie different 
delays introduced a t  each transmit antenna. Then, 
the sum of noise aiid MA1 will be affected variedly. 
As tlie CSI is k n o ~ i i ,  tlie variance can be estimated 
by statistics of detected data.  In tlie system wit,li- 
out too iiiaiiy interfering users (i.e., if the whole 
spanned space of t,lie correlation niatris can be di- 
vided into two subspaces as signal subspace and 
noise subspace), the noise variance is IWl,,,, I2No/2. 
Otherwise, enough da ta  samples are needed t,o es- 
timate tlie noise and interference variance. Fortu- 
nately, Viterbi algorithm is robust enough to en- 
dure some degree of mismatch in channel estima- 
tion; in our simulations, we did not estimate tlie 
noise variance of each signal stream from different 
transmitting antennas. For conveiiieiice of analysis, 
the values of the variance of interference and noise 
are assuiiied to  be the saiiie for the signal stream 
from each antenna. 
With the mine derivation steps refered in [GI, the 
approximate bit error rate (BER) perforinance is 

where z is the traipiiiitted sequence, .t is a pos- 
sible coded bit sequence other t,lian .C, L U ( . C ,  2 )  is 
tlie number of bit errors associated with each error 
event as .i is tlie decoder result, tlie summation is 
taken over tlie set of doniinant(or most probable) 
error events. P ( x  + 2 )  is a pairwise error proba- 
bility. In very slow fading channel, 

where H,,, represents t.he Haniniing Distance in tlie 

where CT; is t,lie remanent, variance of M.41 which 
can be reduced significantly by MUD algorithm, 

i # l J Z  

In iiienior y less fading clianne 1 (fully inter leaved 
channel) , 

(14) 
where H represents the Haiiiiiiiiig Dist,ance be- 
tween z aiid 5. In case of good code which can 
achieve tlie diversity advanhge of Ad as the nuni- 
ber of transmit a.nt,enna., H,,, can be decided by tllie 
transfer function T(D1 , .  . . , Dnf, N). 

111. Nuiiierical Results 
In this sectmion, the BER performance of the pro- 
posed method is eva.lua.ted a,nd coiiipared wit.11 blie 
competing proposals. The downlink CDMA sys- 
teiii wit,li doppler frequency a.s lOOHz aiid symbol 
rate a.s 9600 b/s is a.ssunied. In tlie tra,nsniit an- 
tenna.s, saiiie block intedea.ver depth [10x10] is used 
for all tlie users. GS-bit Gold sequences are used as 
sprea.ding codes for ea.& user. The convolutional 
code with 8-3tat.e masimum free distance [8] is used 
in siniulations. The code frame size is set as 200 
data bits (including tailing bits). It was assumed 
that M = 2  widely spaced diversity ant4enna.s a.re lo- 
cated at. the base st,a.tion. This nuiiiber has been 
chosen since dual diversity provides a. 1a.rge propor- 
t,ion of tlie gain avdable  from diversity techniques. 
Using two ant,enna.s a.lso iiiiiiiiiiizes t,lie coiiiplesity 
increase required and ilia t.clies t<he space diversit,g 
configura.tion typically used on tlie uplink. When 
serious AilAI esist,s, the increase of t,lie nuniber of 
transmit antennas will not. alwa,ys result in corre- 
sponding improvement~s of BER perfornia.nce. In 
siniula. t, ions, t8wo t. r ansiiii t a a  t en 1ia.s a.re used a.t t,lie 
base st,at,ioii aiid one receive antenna at, the ternii- 
n a.1. 
In t,lie simula.tions, the convolutional coded 
DS/CDMA met,liod is also compared with t,he un- 
coded delay diversit,y scheme [2]. In the simula.tions 
for the uncoded delay diversity method. t.he smie 
MUD algorit,hm is used for signals from differelit 
bransinit a.ntsennas. The differential time delay in 
siiiiula.tioii is set, as 1 chip duration. 
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The siiiiulated BER performances are sliotvn in 
Fig.3-5 for tlie system with 5, 35 and 45 co-channel 
users. 
From tlie simulation results, it can be noticed 
that the performance of the proposed detector is 
much better than tlie coded delay diversity without 
MUD. The performance improvement of tlie coded 
delay diversity method without MUD over the un- 
coded delay diversity nietliod gradually decreases 
to zero (or eveii less). Then the coded delay diver- 
sity method with MUD degrades slower than coded 
delay diversity method without hIUD. MUD coiii- 
billed with delay diversity inet hods can improve tlie 
performance significantly. 

IV. Conclusion 

In this paper, iiiultiuser detection is jointly utilized 
with the coiivolu tioiial coded delay t raiisiiiit diver- 
sity in dowiiliiik systems. By using multiuser de- 
tection, the iiiultiple access iiiterfereiice can be ef- 
fecitively init igated. The sigiiificaiite improvement 
of system performance can be achieved, especially 
for heavily-loaded systems. The proposed algo- 
rithm can be straightforward applied to the other 
TD approaches such as the space time transmit di- 
versity (STTD)[l], etc. 
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