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Successive Interference Cancellation for
Multiuser Asynchronous DS/CDMA
Detectors in Multipath Fading Links

Andrew L. C. Hui and Khaled Ben Letaie§enior Member, IEEE

Abstract—n recent years, there has been an increasing interest Verd in [3] where it has been shown that the optimum
in the use of code-division multiple access (CDMA) in cellular multiuser CDMA detector is near—far resistant and that signif-
mobile and wireless personal communications. The choice of joant herformance can be gained by optimum, as opposed to
such multiaccess technique is attractive because of its potential fi L d dulati Unfort telv. th i |
capacity increases and other technical factors such as privacy c_onven lonal, demodula |0_n. niortiuna ey_, € o_p imum ”“{ B
and mu|t|pa’[h rejection Capabi"ties_ However’ it is well known tiuser deteCtOI‘ haS three d|SadVantageS—|t requ|res Centra“zed
that the performance of CDMA can be significantly degraded implementation, it is quite complex, and it requires knowledge
due to cochannel interference (Cl) and the near—far effects. In of the received energies of the various users. Specifically, it
this paper we consider the performance of direct-sequence (DS)-j5 5 maximum-likelihood detector which consists of a bank

based CDMA over fading channels that are modeled as slowly f fi | sinal tched filt foll d b
varying Rayleigh-fading discrete multipath channels. Specifically, or conventional singlie-user matched fiters followe y a

we propose and analyze an adaptive multistage interference Viterbi algorithm whose complexity grows exponentially as
cancellation strategy for the demodulation of asynchronous DS the number of users increaseBurther, it has been shown that

spread-spectrum multiple-access signals. Numerical results will the multiuser optimum decision problem is NP-hard. To reduce
show that the proposed multistage detector, which alleviates the yna complexity of this optimum detector various suboptimum
detrimental effects of the near—far problem, can significantly . .
improve the system performance. multiuser detectors have been devel_oped in thg past several
years [4]-[7]. These detectors vary in complexity and have

been mainly studied over the additive white Gaussian noise
(AWGN) channel. Interested readers are referred to [8]-[10]
and references therein for further details.

In this paper we propose a multiuser detection methodol-
. INTRODUCTION ogy for DS/ICDMA communications over multipath Rayleigh-

ECENTLY, direct-sequence code-division multiple acfading links. The proposed method consists of a serial cochan-

cess (DS/CDMA) has become very popular in variougel interference (CI) cancellation scheme that is based on the
applications such as optical and wireless communications [@]}€ described in [8]. Specifically, the proposed multistage de-
[2]. However, it is well known that the conventional CDMAtector aims to improve the system performance by regenerating
receiver does suffer from serious prob|ems_ For examp%S,timatES of the interfering signals, and then subtract those
as the number of users increases it can become multipieconstructed interference signals from the input of the desired
access interference limited. Another major disadvantage rggeiver. This process is performed in a cascaded fashion in
the near—far problem, which refers to the phenomenon ®ich a way that more and more of the “strongest” interfering
high-power interferers completely destroying communicatiorgégnals are canceled. Another key objective of this paper is
from lower power transmitters. These disadvantages rai§epresent a performance analysis that is applicable to our
the question of whether the problems described above &®@posed interference cancellation method as well as the one
inherent shortcomings of DS/CDMA and whether significaritfoposed in [8].
performance improvement might be possible through the uselhis paper is organized as follows. In Section Il we will
of other receivers. In recent years, there has been a #@scribe the DS/CDMA system along with the multipath
of interest in multiuser detection in which these questiorannel. Section Il presents the proposed CI cancellation

are addressed. This interest was motivated by the work ethodology. In Section IV an error performance analysis of
the CI cancellation method is developed. Section V presents
an analytical approach for optimizing the performance of the
Paper approved by R. Kohno, the Editor for Spread Spectrum Theqoyoposed detector. Section VI presents some sample numerical
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[I. SYSTEM DESCRIPTION the first path of theth user att = n7" + tgi), then

Consider an asynchronous DS/CDMA system [11], L
[12], [14] which consists of K users, and letb,(t) = X; :\/Ebgf)Tﬁf)\/Ebg)Tﬁf)+\/széi)
DD, bgk) p:(3T, (5 + 1T) d(e)note the binary data 2 2 25
signal, and ax(t) = X°2__ o'k p(91e, (7 + V)T, i
denote the sig(n?ature sejquence Jsignal (vngl(ltg,tg) b)ein)g + Z Z\/Tﬂ? R 3)
a unit rectangular pulse Ottl,tg),b](»k) = +1 with equal h=lhsi =1
probabilities, and théth user’s code sequene&) € {-1,1} where
with agk) = a(’_‘BN for all 7 andk with the integerN = T/T.. nT+t{) ‘ ‘
Next, consider the transmission over a multipath Rayleigh- 7 = / n(t)a;(t — tgz))cos(wct—i-d)gz)) dt
fading channel having a slow fading rate compared to the bit (
rate, so that the channel random parameters do not change;(*) £ g cos(p*) — ¢{))
significantly over several bit intervals. Specifically, throughout [b(’“) R(’”)(t(’“) VON mT)
it is assumed that the complex low-pass equivalent impulse n—m—l N 1
response of the channel is given by + ol REDED D )] (4)

n—1)T+t{"

5 = 78yl andm = |t — {7/T|. Likewise, R*)(r) = [§ ax(t —

2/3 5(t ‘ @ Pyai(t) de andR(’”> (r)=J* ak(t—'r)ai(t) dtfor0 <7 < T,
£=1,2,---,Ly,andk =1,2,--- K are the continuous-time

4 Partial correlation functions. Now leb; = /3(2)\/ 27’

here g, +®, and+{¥) are thefth path gain, delay,
where /5", 7, and~, " are thefth path gain, delay, an denote the correlator’'s output of thth desired user signal.

phase for thekth user, = V-1, and L; is the number

Also let
of paths which can be either deterministic or random. Let . X«
A denote the maximum delay spread, which is assumed A PN ) = (k)
to be small compared to the symbol duratidh so that i~ szé Z Z Vi [2%

intersymbol interference (ISI) would be small. Then, the path =2 h=lhzi (=1

delay ’Q(k) will be assumed to be uniformly distributed overenote the output of the desired user “self” interference and the
[T.,A]. Likewise, the path gaing}™ will be assumed to desired user total multiuser interference, respectively. Then,
be independent Rayleigh random variables with the averdfje lump sum ofS; and C; will be referred to as the CI for
path powerE[(3*))2] = 2p for all k and¢ and E[] is the the desired user.

expectation operator. Next, note that to combat the CI, one must minimize the
Now, let r(¢) denote the received signal, then it can beum ofS; andC;. The basic idea behind the proposed method
easily shown that is to reproduce the CI term§; and C; and then subtract
the replicas ofS; and C; from the ith user received signal.
KLk (k) () ) This process is performed successively. Specifically, we first
= > > V2Bt =t )t - 1) find initial estimates of the CI terms (stage 0). We will then
k=l{=1 proceed withV" stages of processing the decision statistics of

cos(wet + d)ék)) +n(t) (2) the desired user. At theth stage, we reconstruct the CI terms
using estimates of the channel parameters and the unknown
wheren(t) is a white Gaussian noise with double-sided poweransmitted symbols and then subtract the regenerated Cl for
spectral densityNo/2, P, = E;/T is the kth user signal the desired user received signal to obtain a new decision
power,w. is the carrier frequency, an;tug’“) = (’“) — W, T(k) statistic. Ideally, if we can correctly estimat®;, and C;
w3 is the fth path phase of théth user rece|ved signal at say stagey, then the decision statistic at the next stage
with T3 denoting thekth user asynchronous transmissiomwill be simply equal toD; + 7;. Consequently, significant
delay. Throughout, we will assume thpy) is an independent improvement in the system performance would result. On the
random variable uniformly distributed ové®, 27| for each other hand, if the data estimation for say ukes incorrect at
¢ and k. In addition, we will assume the overall delaysay stages, then a negative version of the interference caused
t(k) — Q(k) + T} to be an independent random variable that Ry this user is created, thereby resulting in a new ClI term (due
un|f0rm|y distributed over[0, 7. to userk) at thewv + 1 stage that is twice the CI term of user
k at stagew. It is therefore clear that one must have good data
estimates (and, hence, good estimates of the CI terms) in order
for this iterative scheme to work well.
Without loss of generality, we assume that the desired usetn [8], a successive Cl cancellation methodology as de-
is the ith user. Further, we assume that the desired receiwaribed above has been proposed. However, Yebral.
can coherently recover the carrier phase and delay lock to fireposed that the data estimation be obtained using a hard
first arriving path of the desired user’s signal. Therefore, if wéecision upon the decision statistic at every stage. Since we
let X; denote the output of the correlator receiver matched éwe considering wireless channels that are characterized by

I1l. THE ClI CANCELLATION METHOD
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Fig. 1. DS/CDMA receiver with multistage cochannel interference cancellation.

multipath fading links along with imperfect power controlwhereS;[v] = S; — $;[v] and C;[v] = C; — C;[v]. Therefore,
one would expect the occurence of incorrect data estimategollows that
(especially at the initial stage) to be relatively higlthus P
possibly resulting in an increase in Cl. To solve this problem?;[v] :m—i—ﬁy)\/zb
and in order to have good data estimates, here we propose a

L.
; ~ [ B i i
S)—VUT‘F E ?/35( )COS( E ) - ¢§ ))
=2

detection scheme which tends to decode the strongest signals x [gg)_v_l[v —1]R" i)(tgi) _ tgi))
and then cancel their Cl terms from the received signals as < (i) Sy 0
shown in Fig. 1. Specifically, to make the data estimation more + Oy [ = 1R (1t = £7)]
accurate for the CI cancellation scheme, we will ussoét Ko L [p 4
' [ Lk ok k i
decisionupon the correlator output at the various stages. More + Z Z ?/35( )COSW)E ) - </>§ ))
precisely, our data estimation is performed as follows. During k=1 k#i (=1 ‘
the vth stage(v = 1,2,---, V) we let S;[v] and C;[v] denote x b0 = QREDER — D _ oy
the replicas ofS; and C;, respectively. Then, by removing (k) Sk i) (k) ()
these terms fromk; and performing the CI on thér — v)th by - RSO — 17 —mT)] (6)

bit of the ith user, we obtain the decision statistic at the \yhere g(k)[v —1] 2 k) _ k) [v — 1],m is the number of
J J J ’

stage shifted bits relative to the first path of useland SEk)[v —1]

=2~ -G e g e s e Ll sage The st et
= 35%‘) \/Ebgf)_vT—l— Si[v] + Ci[v] + mi (5) decision for usef’s (n — v)th bit is
» -1, Xi[v] < ~1,"
2In fact, this is precisely the reason why a good Cl interference scheme is bs)_"f [U] = no decision, |Xi [U” < TD(Z) (7)
desirable. 1, else.
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Otherwise, we havé'”  [v] = sgn(X;[v]) whereZ,) > 0isa where Q[z] = (1/v27) [Z° exp(—(t2/2)) dt. The error
given constant threshold for theh user(v = 0,1,---,V —1) probability for the initial stage can now be obtained by
and sgn(z) = 1 if x>0. Else, sgn(x) = 0. In other integrating F.(/) given by (12) with respect to the density
words, we perform data estimation if and only if the decisioof 3. As a result, we get

statistic is greater than or smaller tha’dz). Otherwise, no

data estimation is made for usérIn particular, if thevth 1 <1 o7 )

stage is actually the final stage (i.&/, = v), then a hard Fe[0] = 9 147, (13)

decision is used instead. Clearly, the proper choice dﬂéfl)l
is |mport§\nt for the successfl_JI implementation of the proposs\ﬁ!]ere7 A E[S/N;] and the expectation is with respect
cancellation method. In particular, we note that the propos?d 3 ¢ 2
method reduces to the one presented in [8] when the thresho ds[ )
TU(’“) are equal to zero for alb and k. ) )
B. Error Rate in the First Stage

IV. PERFORMANCE ANALYSIS We begin by deriving an expression fBg@ andPt(i) where

: _— : L (6 (4) il i
The main objective of this section is to present a closdd and [y are the probability of making an error and the
form expression for the system’s average bit-error rate (BEF ‘'obability that no decision is made at the initial stage for the
We begin by deriving the system’s BER in the initial stage. h user, respectively. Due to the symmetry of the problem, one

can without loss of generality séﬁf) = -1. Hence,Pefi) =
A. Initial Stage P> Ty = 1) and B = P(xi| <" =
Let &;, S;, C;, andy; be defined as above. Then, it can be_l)' Next, let
easily shown thatar[n;] = N,T/4 P,
=7
__ (i)y2 NR, 2 2 14
var{Si] = m(l’z — D E[(5 )] SN var[n;] + var[S;] + var[Cj] (14)
A
[ @R @ rar @ and
T .
: ()
K N A 7,
PT? 4 () 2 0 . (15)
var[Ci] = Z 12kN3 (L) E[(ﬁz(k))Q]Tki ©) 0 Vvar[m] + var[S;] 4 var[C]
k=1 ki
where Likewise, Ietfay-)(/}) be the density function oﬁf). Then,
N—1 it can be easily shown that
i = ) [(CF (= NP+ CH(j = N)CH(j = N +1) o
= | PO = [Tl + pVENRIL (9 a8 (19)
+(CH(j = N+ 1))+ (C*(5))? 0
+CMIHCH G+ D)+ (CH G+ D) (10) and
andC*?(.) is the signature sequence aperiodic cross correla- 4 4
tion function [12], [13]. P = /m (QIBV/SNR; — 5]
The BER can now be obtained by assuming the CI terms to &7/ ?NRf
be Gaussian distributed. This may not be necessarily correct, - Q[ ((f) + /3\/SNR4])f8§i>(/3) dg
but such an approximation has been shown to be relatively ¢ ) JSNTG
good [8], [14]. Now recall thaD,; = /352)\/(3/2)Tb$5); then, +/ (1- Q| ((Ji) .y /SNRi]
for a givengs = /JY), it follows that the conditional signal- o
to-noise ratio (SNR) for theth user's correlator output is —Qrel? +/3\/SNR4])f,a§f>(/3) dg. (17)
S/N; = 82(P;/2)T?(var[C;] + var[S;] + var[n;]) or
(Li - 1) E[(ﬁ(i))Q]A‘ Now note that only the CI terms are different in the
(S/N;)™t = 5 2‘ : decision statistic of the single-stage CI cancellation process.
172/3 r In particular, we have
+$
Dk = prog®y2
—Lk E /3 Tki =, (i
2, 1 var{Si[1]] = B[ [0])%] var(s;] (18)
6N3 32 topg D
and
As a result
P.(8) £ Pr(Error at the initial stagg” = §) varlGi[lll = > E[BPO)?] var[cF 7] (19)

=Q[v'S/Ni] (12) ke=1ki
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where and this results in an error probability that is given by
(k %) PkT (k)\2 2 P — 1 1— Wk [U] 27
var[C{* ) = T35 (Ln) ELB) s (20) ol =5 T b (27)
7 (k 21 _ (k) e
B[0P 0D*] =1+ 20471 - V7, +1 exXp where¥,[v] £ + E[S/N;[v]] and again the expectation is with

respect tog.
(£lyz ()2, We conclude this section by highlighting an important
) _m 1+2Q ﬁ point which makes our proposed analysis different from the
one presented in [8]. As mentioned earlier, the proposed
(21) interference cancellation method reduces to the one presented
in [8] whenZ,®) = 0 for all v andk (i.e., when a hard decision
andry; is defined in (10). As a result, it follows that the BERs performed upon the correlator outputs). In th|s caseythe
for the first stage of the CI cancellation method is given bystage SNR for usei and for a given3 = /3 is given by
(26) with 7.¥) = 0 for all v and k). Sinces is a random
1 ~:[1] guantity then the system error probability must be obtained by
[1=5{1- Tm (22) expressing the conditional error probabilfty(/5) as a function
‘ of this SNR and then integrating. () with respect to the
distribution of 3. Instead of doing so, however, the analysis

where7;[1] = 5 E[S/Ni[1]], and of [8] proceeds by defining theth stage SNR for useras
p Q%TQ SNR,,... (v) = [/32 TQ] (28)
i = ivoon \V) =
SAvill] var[C;[1]] + var[Si[1]] + var[m] @3) var[Ci[v]] + vwr[ i[v]] + var[n]

) . . and then expressing the average error probability as
C. Error Rate in Successive Cl Cancellation Stages

The extension of the analysis described in the previous Pevoon [v] = Q[VSNRiy..,, (V)] (29)
section to av-stage detector is straightforward. Indeed, W other words, the expectation with respect to the path
have amplitude 3 is performed inside the)[-] function. It turns

mr[ 3] = [(g,(z [v 1])2] var[S;] (24) out that the BER expression as defined in (29) is relatively
K accurate under ideal power conditions and when the path

Var[@ [W]] = Z E[(gg@ [v — 1)) Var[ci(’“ i>] (25) amplitudes are constants (see [14] for instance). This is further
k=1 ki supported by the numerical results presented in [8] where the

) path amplitudes were all set to one. However, when the path
and the second moment of the canceledBiith,”[v — 1])?] amplitudes are random as in this paper then (29) will tend

can be easily shown to be given by to significantly underestimate the system’s BER’s as shown
E[(0W[v - 1))2] in the numerical results section. Nevertheless, it is important
™ to emphasize that the analysis of [8] is nice because of its
B (%) Filv = 1] simplicity.
—1+2Q[£ 1] _[U—l]+1
< (S(k) ) ) V. OPTIMIZATION
cexp | ————v=t
200y —1+1) A. The Initial Stage Thresholds
' [1 420 [\/(5 O lv — 1]” This section briefly describes a S|mple analytical approach
wlv =1 +1 for finding the optimal threshold§0 opt TOr the kth user
(k = 1,2,---,K) at the initial stage. From (22) and (23),
where it foIIows that we must minimize (18) and (19) in order to
(k) improve the detector performance. A close observation of
55-’1)1 = v_1 . (18) and (19) then indicates that the system performance can
\/var[é’k[v]] + var[Sk[v]] + var[nx] be optimized by minimizingg[(5{'[0])2] as defined in (21)
‘ forall £k = 1,2,---, K. In particular, the optimal value of
Thus, for a giveng = 3.7, it follows that thevth stage SNR ¢(*), §%) . which minimizesE[(b”[0])?] can be easily found
of the sth user is numerically. As a result, it follows that the optimal threshold
/JQETQ for the kth user at the initial stage is

SNl = T mr[ vt 20 T® = Svar Gyt + var[SW[) + varf]. (30)
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107 F [ Il ik ek Propuscd Analysis
igj "n—=:€——:——v——~&—— = R ——#&—  Monte Carlo Simulation
10"51 -
:3-6 : Conventional Receiver (stage 0)
107 Lk
g w} £
g b
g 1(]"0 - i Stage 2
RN S 3
5 0Pk E 7
S MR 10
& st
108
10::;' ——4& = Simulation (Stage 0)
ig_lg : ==& = Simulation (Stage 3)
10_20 | —&—  Analysis of [8] (Stage 0)
'072;' 9 Analysis of [8] (Stage 3) ]0730 (: 1|2 IIS 2I4 3I0 3‘6 4I2 A.Is 5I4 (ulo
1= Number of Users
02— —o—o0—o0—o0—0—0o—0—0—0—
102 TERPURS SRS TS T S STV T U S S R S Y Fig. 3. An investigation of the accuracy of the proposed analysis.
o 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Number of Users 109 — . r . Y r '
Fig. 2. A comparison between the Monte Carlo simulation BER estimates
of the interference cancellation method of [8] with those obtained from the
theoretical analysis of [8].
B. The Successive Cancellation Stage Thresholds 10! E
The extension of the approach described in the previous
section to a-stage detector is simple. L&Y N [v] be defined E
as in (26), therE[(b%k) [v — 1])?] can be minimized for each = |
- . ; : . 2 10" J
user by finding the optimal value @5@1,5,591701)t, which =
. . . (k . . £
m|n|m|zesE[(b$f“)[v—1])2] numerically. As a result, it follows £
that the optimal threshold for thith user is given by
3 Conventional Receiver
(k) _ ¢k A G 107 | —e— Staget E
,Iu—l,o})t - Sru—l,opt Var[ck [U]] + Var[Sk [U]] + Var[nk]('sl) —a— Stzizz
—— Stage3
Note that since we assume that the statistics of the channel =~~~ Single User Receiver
characteristics are known, it follows that we would be able , . . . . , )
to set the value of the thresholds for all of the users before = o 4 8 12 16 20 24 28 12
the data acquisition. Therefore, our proposed receiver will not Average Received SNR/bit in dB
cost much when compared to the one proposed in [8]. Fig. 4. The performance of the proposed interference cancellation method

for a three-user DS/CDMA system.

VI. NUMERICAL RESULTS . . .
cancellation method of [8] which were obtained by conven-

This section presents some sample numerical results whigdhal Monte Carlo simulations with those obtained from the
illustrate the potential of using the proposed ClI cancelIatiq@,[hmysiS of [8]. Likewise, Fig. 3 compares the BER estimates
method as an effective tool for improving the performance @ our CI method which were obtained by Monte Carlo
DS/CDMA communications over multipath fading channelgimuylations with those based upon the analysis of Section IV.
Throughout, we shall assume that the maximum delay spregttjose observation of both of these figures indicates that
A =7 ps and that the data rate is equal to 9600 b/s. Unlegf error performance analysis of [8] tends to significantly
otherwise mentioned, each user is assigned a unique balangggerestimate the system’s BER'’s, especially as the number
Gold sequence of length 127 that has been obtained frgfstages increases. In contrast, the analysis presented here
m-sequences that are represented by octal numbers 211 gids BER estimates that are much closer to the true BER's as
217, respectively. Furthermore, the unit energy constraint (i.8redicted by Monte Carlo simulations. These theoretical results
zki ) var[8{”] = 1) will be assumed throughout. are clearly not exact. However, because of the prohibitive

We begin by investigating the accuracy of our analysggmount of simulation time required to achieve accurate BER
as well as the one presented in [8]. Figs. 2 and 3 preseiftimates, the proposal analysis could prove to be a useful
the average BER performance against the total number tgb| for performance analysis and design of the proposed ClI
usersK with (Ex/N,) 2 E[(/JZ(’“))Q](E,C/NO) = 17 dB and interference method as well as the one presented in [8].

L, =2forall k=1,2,---, K. Specifically, Fig. 2 compares Fig. 4 lists the performance of the proposed CI cancellation
some sample BER results corresponding to the interferemoethod against the average received SNR pefhitN, for
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100 100 4
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Stage 5 —&— Stage2
e Stage 3
—®—  Stagc 4
—O— Stage$
1 = === Equal reccived SNR/bit for all users
0 10 20 30 40 50 60 70 103 +————1—— — : ——————TT ———T
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Fig. 5. The performance of the proposed interference cancellation method Number of Users

and the interference cancellation method of [B]./E; =4 dBforallk # ¢  Fig. 6. The performance of the proposed interference cancellation method
and a Rayleigh multipath fading channel with, = 3 are assumed. against the total number of users with and without equal average received
SNR per bit of each user.

a three-user system with;, = 1 for £k = 1,2,---, K and
equal received power per user. A close observation of thisio® 5
figure clearly indicates the potential of the proposed method.
In particular, it indicates that as the number of stages increases
the system performance increases and that the system’s BER Conventional Receiver
as predicted by the proposed analysis will tend to approachthe 1  \, —  ___---===
single user bit-error probabilities. Note that similar conclusions o1 —
can be also drawn from Fig. 3. 5

The remaining figures illustrate the potential of the proposeii:i
method in combating the effects of the near—far probleng.
Specifically, Fig. 5 lists the BER values of an asynchronou:@
DS/CDMA employing Gold sequences of length 63 whiclE
have been obtained from:-sequences that are represented 10?3
by octal numbers 103 and 147, respectively. Further, we
assume that,;, = 3 for all k, £;/Ng = 9 dB, £} /Ng = 13
dB for &k # ¢, and constant path amplitudes for all data
links. For comparison, we have also plotted the BER values L st gt
corresponding to the detector proposed in [8]. Again note thelo_3 L
BER performance improvement of the proposed detector as ¢ ¢4 8 2 16 20 24 28 32 36 40 44 48 52 56 60
V increases. Also note that the proposed detector provides Number of Users
near—far immunity even in multipath conditions and that ig. 7. The performance of the proposed interference cancellation method
performs better than the one proposed in [8]. and the interference cancellation method of [8] viith imperfect power control

. . . over a Rayleigh multipath fading channel with. = 4.
Fig. 6 lists the error probability of a DS/CDMA system

employing Gold sequences with length 127 along with the

proposed Cl cancellation method as a function of the totgpprovement of the proposed detector. In particular, notice that
number of usersk when L, = 4 and E[(ﬁ(k))g] - 095 the proposed detector performs better than the conventional
L= ) = 0.

for k = 1,2,---,K. In particular, the received power Ofreceiver and, more importantly, it converges faster than the

the desired user is 4 dB lower than the received power pe proposed in [8]. F_or example_, Fig. 7 ‘_Q’hOWS that our
all of the other users. For comparison, Fig. 6 presentsﬁ ree-stage Cl cancellation detector is approximately the same

dashed lines the BER values obtained by the conventiof3] the fjve—st_age cl can_cellgtion detector proposed. in 8],
receiver when&j, /N, = 30 dB for all . Finally, Fig. 7 lists thereby implying a reduction in the hardware complexity and

the Monte Carlo simulation estimates of the system’s BEp{ocessing time compared to the CI cancellation method of [8].

under the conditions of.;, = 4 for all links, F;/N, = 26

dB, and £, /N, = 30 dB for & # ¢. For comparison, we
have also plotted the simulation results corresponding to theCDMA is a spread-spectrum multiaccess technique which
detector proposed in [8]. Again note the BER performande currently the object of much attention. However, this tech-
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nique suffers from severe reductions in system performande] X. zhang and D. Brady, “Soft-decision muli-stage detection for asyn-

because of the effects of near—far and CI. In this paper, we chronous AWGN channels,” iRroc. 31st Annu. Allerton ConfUrbana-
h | lati ’ f Champaign, IL, Oct. 1993, pp. 54-63.
ave proposed and analyzed a Cl cancellation detector @ V. vanghi and B. Vojcic, “Two-stage multiuser detection with soft

demodulating asynchronous DS/CDMA signals over wireless interference cancellation,” iRroc. CISS'95Baltimore, MD, Mar. 1995,

; ; Lo pp. 186-192.
channels that are characterized by multipath fading links. Th ] C'Y. Yoon, R. Kohno, and H. Imai, “A spread-spectrum multiaccess

proposed method, which is based on [8], is a SUCCESSIVE system with cochannel interference cancellation for multipath fading
ClI rejection scheme which attempts to cancel the Cl effects channels,”IEEE J. Select. Areas Commurvol. 11, pp. 1067-1075,

; ; ; ; Sept. 1993.
of the strongest signals from the received signal. Numeric ] A. Duel-Hallen, “Decorrelating decision-feedback multiuser detector

results have demonstrated the effectiveness of the proposed for synchronous code-division multiple-access chann¢&EE Trans.
method. In particular, it has been shown that the proposed Commun.vol. 41, pp. 285-290, Feb. 1993.

.. R . . . P. Patel and J. M. Holtzman, “Analysis of impl ive inter-
analysis is consistent with Monte Carlo simulations. This is |HO] fereni: cchée;l'lation Socazemae ina gg/SCI:SD?/I Aa Ss;stgrfﬁséuézessggclt e

contrast to the analysis presented in [8] which can significantly Areas Commun.ol. 12, pp. 796-807, June 1994.
underestimate the true system’s BER’s as demonstratedlifl G- L. Turin, “The effects of multipath and fading on the performance

. . of direct-sequence CDMA systemslEEE Trans. Veh. Technolvol.
the previous section. It has been also demonstrated that the /33 pp. 213_219 Aug. 1084 °

proposed cancellation strategy performs better than the dm2l K. B. Letaief, “Efficient evaluation of the error rate probabilities of
proposed in [8] without any additional complexity. Finally, it spread-spectrum multiple-access communicatiol8EE Trans. Com-

. mun, vol. 45, pp. 239-246, Feb. 1997.
has been shown that the proposed cancellation strategy & m. B. Pursley, D. V. Sarwate, and W. Stark, “Error probability for

alleviate the effects of the near—far problem and that sig- direct sequence spread spectrum multiple-access communications—Part

nificant system capacity improvement can be achieved using g%ﬁggaaqgé‘;wer boundsEEE Trans. Communyol. COM-30, pp.

the proposed detector instead of the conventional DS/CDM#] K. B. Letaief, K. Muhammad and J. S. Sadowsky, “Fast simulation
receiver. of DS/CDMA with and without coding in multipath fading channels,”
IEEE J. Select. Areas Communrol. 15, pp. 626—-639, May 1997.
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