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Performance of Multistage Detectors in Synchronous CDMA
Mobile Communication System
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Abstract- Multwser detection (MUD) s central 1o the [ulfillment of the capabilities of
code-division-multiple access (CDMA), which is becoming the ubiquitous air-interface in
future generation communication systems. The problem of multiple access inerference
(MALI) is vital for a COMA sysiem. A variety of MUD has been proposed to mitigate the
MAL. The simplest one is the singlc-user malched filter approach, which totally ignores the
existence of MAL Its performance is not very satisfactory and is particularly limited by the
near-far problem. This paper presents the performance of different types of deteclors as
wcll as a solution for the near-far-problem using the decorrelator detector type.
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1. Introduction

Code-division-multiple-access  (CDMA)
[1] is a multiplexing technique that enables
multiple users 10 access a commaon channel
simultaneously. [n a COMA system, each
user is assigned @ unique signature
waveform. The binary antipodal (*1)
information bits are modulated by the code
waveforms beforc transmission [2]. The
received signal at the base station is a
finear superposition of the multiple copies
of the signals transmitted by all users due
10 multipath effects, each path i1s multiplied
by an arbitrary amplitude factor and
delayed by an arbitrary delay amount [2].

One can combat multipath interference by
multipath reception, whereby the different
multipath arrivals are considered as
independent receptions of the signal and
are used to give beneficial time diversity,
this technique 15 called RAKE receiver [3]
CDMA has superior performance over
time division muitiple access (TDMA) or
frequency division multiple  access
(FOMA) in maobile  communication
systems (4] Here, we consider the
synchroncus casc. in  which the bil
sequences of all users are aligned in time,
Since the modulated signal has a much
wider bandwidth than that required for
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simple poini-to-poind communications, a
CDMA system is also referred to as spread
spectrum  system, There are three
techniques 1o spread a signal. The first
technique is the direct sequence in which
digital data is directly coded al a much
higher frequency. The second technigue is
the frequency hopping in which the sigaal
i5 rapidly switched between different
frequencies within the hopping bandwidth
pseudo-randomly, and the receiver knows
where to {ind the signal at any given time.
The third technique is the time hopping in
which the signal is transmitted in shon
bursts pseudo-randomly, and the receiver
kmows beforchand whem o expect the
burst. CDMA sysiems show significant
advantages over analog and conventional
TDMA systems, incloding increased
capacity, enhanced privacy and security,
and reduced elfects of multipath fading.
The performance of the conventional
single user receiver is limited by the near-
far effect and more geoomally by the
multiple  access  interference [2).
Centralized power control can be used o
samewhat eliminate the near-far effect but
the error performamce Is still far from
optimum as shown by Verdu [5]. The
interference from other users is known as
multiple access interference (MAI). For
D85S-based COMA (DS-CDMA) system,
MAl is the major factor limiting the
performance and hence, the capacity of the
system. Multiuser receivers suppress the
interference between wsers in  spread-
spectrum CDMA systems by making use
of the structure of the multiple-socess
interference [5], [6] and of the knowledge
of the code sequences. There are (wo
classes of MUDs, lincar and nonlinesr.
Linear MUD is more atiractive than
nonfincar ones because of their reduced
_ complexity [4]. The decorrelator detector is
a type of MUD used for is betier
performance than the conventional one,
This detector s a mathematically
straightforward linear MUD that usually
putperforms  conventional  single-user
CDMA receivers. The decorrelaior
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detector can complelely eliminaie multiple
sccess interference (MAI) ot the cost of
enhanced background noise (7). Near-lor
resistance and independence to received
amplitudes are among other attractive
features of the decorrelator. In addition (o
the noise enhancement the main drawback
of this kind of lincar detector is its
computational complexity that is related o
the malrix nversion and its updates.
Another type of nonlincar detectors is the
sublractive  inlerference cancellation
detector which depends on estimating the
transmitied sequence of each user by the
conventional matched filter, and then the
strongest sequence is subtracted from Lhe
received waveform, resulting in a clean
signal from interference of the stromgest
interferers [3].

There are many reasons for researchers
to concentrate on MUDs, such as the
enhancement of multiuser efficiency,
capacity and resisiance to the neoar-far-
problem. It is very essential to find an
appropriate  solution for the near-far
problem in CDMA sysiems by either using
an eclaborate power control scheme or
developing some types of detoctors which
are not sensitive for the user's power, and
50 can reduce system complexity, To keep
the system performance and capacily over
fading channels ns good as it should be,
power control raie should be one hundred
times higher than the maximum fading raie
|8). However, the class of MUDs
considered in the following sections will
alleviate the need for using power control.
We'll investigate first the optimum MUD,
then analyze the different types of
suboptimum detectors.

Az we know, the environment of
CDMA maobile propagation suffers of
different impairments which cause fading
There are two major categories of fading,
long term fading which concems with the
changes in signal level due 1o slow
variations in the propagation mechanism,
and short term fuding, which concemns with
the simultaneously occumring modes of
propagatiion or multipath [9]. ¥n the other



hand, different code Jengths are used in
order to minimize mutual interference in
DS-CDMA and the spreading codes with
low cross-correlation should be chosen
[10]. In our case study we use synchronous
DS-CDMA with Gold code having low
cross correlation for all users.

The contributions of this paper are
twofold. First, we concentrate on the
performance simulation of different types
of detectors namely, conventional and
decorrelator as well as the two stage with
deccorelator first stage. The second
contribution is to demonstrate  the
efficiency of such MUDs in solving the
near-far problem instead of using power
contrel schemes which lead to higher
system complexity and cost. In section I,
we introduce the CDMA system model,
optimum detector, different types of lincar
detectors (Conventional, Decorrelator), and
then multistage detector with first stage
decorrelator. Section Il presents the
results. Finally, section 1V summarizes the
conclusion.

I1. CDMA System Model

The general CDMA channel model is
illustrated in Fig.1. In the reverse link of a
CDMA system, the user data is first passed
to the spreading stage where it is
multiplied by the signature code which
identifies each user, then modulated and
transmitted to the base station. The channel
has different impairments such as Rayleigh
fading and AWGN. The receiver at the
basc station passes the multi-user signal to
a bank of matched filters and reverses the
operation of the transmitter (despreading)
by multiplying the signal with the
corresponding user signature code. In the
following we introduce a brief discussion
of different types of detectors which relate

210 the paper’s contribution.
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Figure |, CDMA Channel Model

1. Optimum Detector

Assuming K-user direct sequence CDMA
system transmitted using  DPSK
modulation with each (ransmitted signal
selected from a binary alphabet and limited
to [0, 77, where T is the symbol period. The
k™™ user's transmitted signal is given by:

N
Sk() = by iCult - iT) 0

i=|
where by ; € {+1, -1} is the i™ transmitted

bit and Cy(n)is the spreading waveform,

and the parameter N denotes the number of
bits being considered. The spreading code

waveform, Cy(1) = Z:;O “knllt=nT_), is
composed of N, chips, where C; ,, € {+1,
-1}, TI(6) is the rectangular chip pulse
waveform of duration 7., and T=N_T, is
the symbol duration. In a lypical system,
all K- signals are  transmitled
simultancously in a symbol synchronous

fashion, so that the signal at the receiver
denoted (1), can be written as follows [11}

) = Zi bOC(-iD+n) 2

i k=l
in the above equation, n(f) is the
superimposed AWGN noise term  and

b=[b.by....b]] is the K-tupel

vector of the users data bits in the time

interval [0, T], i.e, considering i = 0.

Assume the maximum likelihood (ML)

decision on the wusers data vector
A AY A a*

s b = [y ,byn bl which
maximizes the log-likelihood function.
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This ML decision can be written and
analyzed in more detail as follows [12)

?«L:-A:}mcan-}'mwﬁm

where Citb) =3 b,C,t). The optimum
ML decision can be rewritien as [6)
[ m'h-i'tll} (4)
bel+1-11K

where y nh,n,_,“]'hh“nr
sufficient statistics with elements,

!
n = frOGd Jor k=1,2..K (5)
]

and H = [hy] is the cross correlation
mairix with clements given by,

2
hy = [CoOCH (6

L]

There is a problem facing maximization n
ﬂ}ﬂﬂmuﬂhﬂlh[ﬂﬂu
llpﬂnlnhl pnlnﬂlhnl‘
K 5 known. On the other hand, the
complexsty of mmw
when pember of wsers K exceeds 10 or 20
depending on the transmission rate (9],
1.

1. Linear Detectors
1.1 The Conventional Detector
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sutocorrelation much higher than the cross
correlation between dilferent codes | 7).

The output of the conventional
mmmmmmnrma
given by,

Yi -l‘l}ﬂﬂfmﬂ

T
-h+£hhu+—fnmw
m e

= +H|II' {4 N

'l"l!ﬂllfllﬂ gt

When umn; l- channe! fading into
account, the received sigmal (2) becomes:

K
¥ ywlc,a-inenm  (8)
J Kal
where W is a diagonal mlmul"du:nh—

gure 2 Block Diagram of the Conventional
Detector

1.2 The Decorrelator Detector

We mnoticed thal in the conventional
detector there were two man factors which
cause the increase in BER, the MAI and

AWGCN terms. So, it"s required o provide
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an altermative method or technique to
gliminate these factors. The decorrelator
detector provides that solution for the
MAI

the wvector of sufficient

statistic :[yl,yg......,y,q]T of all users
shown in Fig.3 can be expressed as:

y=HWb+n (10)
where H, W are KxK matrices defined
carlicr and n is the Gaussian noise vector.
Let us now suggest that the Gaussian noise
does not exist, i.e. n = 0, and y = HWb.
Then multiplying the suflicient statistics y
by the inverse of A, the resulting equation
will bei=f""y=Wb. By adding the
noise term back again, it's seen thal (he
MAI is eliminated at the expense of
increase in the noise term, such that:

V' =H'yS = wh* +BF (1)
As obvious in (11), using the decorrelator
detector gives the ability 10 rccover the
transmitted signal without MAI effect, but
on the contrary the noise floor will
increase. It is seen (hat the decorrelator
detector has many advanlages over
conventional rype; its performance is
independent of the powers of interfering
users, s0 there is no need for pre-
“knowledge of user's power [3]. In addition,
when user's energics are not known and
the objective is to optimize the
performance for the worst case MAI
scenario, the decorrelator detector is the
optimal approach [3], [6].

First,

Denam Sl

Figure 3. Block Diagram of the
Decaorrelater Detector

3. Multistage Detectors

Another important class of suboptimum
detectors can be classified as subtractive
interference cancellation detectors [12].
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The basic principle underlying these
detectors is the calculation at the receiver
of separate estimates of the MAI
contributed by other users in order to
subtract out some or all of the MAI seen by
each user. Such detectors are often
implemented using mulliple stages and are
referred to as decision-feedback detector
[13], where il is expecled that the decisions
will improve at the output of successive
stages. These detectors are similar (o
feedback equalizers [3] used to combat
inter-symbol-interference (IS1). In
feedback equalization, decisions on
previgusly detected symbols are fed back
in order to cancel part of the 1SI. This
paper concentrates on a two-stage deteclor
with decorrelator first stage.

We propose the multistage detector
as 4 suboptimum allernative lo  Lhe
optimum detector. The key idea is the
following. Suppose that the estimates of

the vector b at the m" decorrelator slage
1§ denoted as.

bim) = [ bm), byn), ... bafm) |
The (m+1)™ stage estimate of the k™
user's information bit &, can be obtained
using (4) form 2 1. It is casily shown that:
b(m+1) = sgn [ (m)] (12)
where, z;(m) is the m'M stage statistic for
the k"™ user given by:

i(m) = yp - Z b(m) ki
frk

In demodulating the information bits of all

users, the maximization of (4) is performed

(13)

for each of the K users. The (m + l)lh stage
estimates of & can then be written as the
sign of the m'™ stage vector of decision
statistics
Ztm) = [ zjim), zo(m),
that:

Cbfm+ 1) = sgn [Z(m})]

= sgn [y—(H - E) b(m)}

nzi(my JT 50

(14)
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where FE = diag(E.E5, ... Eg] B a
dimgonal mairix of the encrgics of the
modulating signals as affected by the
channel fading coeflicients. From the
definition of the sufficient statistic vector
given In (10, it is easily shawn that:

= HW
¥ HWb+n (18)
= Eb+Ifb)+n

where the matrix W is lumped into £, and n
is 8 zero-mean Daussian noise wector with

n  covariance matnix o M and
Ib)=(H = E) b represemts the maltiple-
nccess  interference vecior.  Substituting
(15) Into (12), the (m+1)'™ stage estimate
of b is given by:
bim+1) =sgn fZim)}}]

=sgn [Ebv b} Iim)pn)
The asbove rmesudl has @&  simple
imterpretation. The (m +1)™ stage estimate
of b is obtained as the sign of the m™
stage statisfics which in wurn is obtaincd by
subtracting the m™ stage MAI estimate
[rom the sufficient stalistic p

(16)

3.1 Two Stage with Decorrelator First
Stage Detector

The block diagram of a two-stage detecior
with decomelator first stage is illustrated in
Fig. 4. The K bit estimates wveclor s
obtained from the decorrelator first stage
oot which is denoted

by [By(1) | by(l) e, Bgf1)] - The
second stage processes the (K-1) estimates
of the interfering symbols o perform new
multiple-access  interference. Subtracting
the sam of these muliiple-access
interferences from the sufficient statistic
element of user | of the decorrelator first
stage, we oblain the sulficient statistic
clement of the two-siage detector denoted
by #;(2) given, sccording to (13), by:

X ;
n=n=3 hy by) (17)
/=1

where (K-1) uwsers (,;=213... K
interfere with the desired user |. Decision
is made by comparing 5, 2) 10 a threshold
s0 that the bit estimate of the second stage
for user | is oblained as:

C ot gy | VI ®20
ﬁﬁ)—iﬂn{ﬁﬂﬂ-{rm w{n{!l}

<
1

Figure 4, Two-Stage with first Stage
Decorrelator Detector

1LL. Results

This paper presents the performance of
different types of detectors subject to the
following parameters, code lengthN,,
number of users K, snd power rmtios
between the desirod and interfering users.
Resulls are obtained wsing MATLAB
program ver.7. The sequence of the
program starts with the generation of data,
and Gold codes nre used for spreading and
despreacling, The Gold sequences have
cross correlation {-1/N; | which decreases
with the code length. The channel is
corrupled with Rayleigh fading and
AWGN al the receiver assuming that the
fading is modeled as single path (fat
fading),

The (ollowing results illusirate a
comparison of the performances of the
conventional (CONY), decorrelator (DEC),
and wo stage with first stage decorrelator
detector (MDEC) as well as their immunity
o the near-far problem. Fig.5 shows the
performance of different types of detectors
with N, = A, and
K = 15, 30, it's scen that the two-stage
with decorclator first has  belter
performance than the conventional and
decorrelator detector.
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Figure 5. Performance of Diffcrent Types
of Detectors with N_ =31 and
K=15,30..

Comparing figure 6 for the
performance for he detectors with N, =63
and K = 15, 30 with the corresponding in
figure S for N =31 and K = 15, 30, it is
indicated that the results of the
conventional  detector  gives  better
performance when we increase the code
length. For the other detectors, we remark
that the performance insensitive for the
change of the code length.
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Figure 6. Performance of Different Types
of Detectors with N_ = 63 and
K=15,30

Fig.7 shows that, the performance
degrades as number of users increases.
Fig.8 illustrates the performance of
different types of detectors as a function of
the power ratio between users under

two stage with first stage decorrelalor have
steady performance as the SNRD is
increased (which means that they have
immunity to the near-far problem), in
addition to the better performance of the
two stage with decorrelator first stage than
the decorrelator detector.

=t CONY =@ DIC =&~ MDEC
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Figure 7. Performance of Different Types
of Detectors versus Number of Users,

N, =31,63, and SNR =4 dB
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Figure 8. Performance of Different Types
of Detectors with Variable £, /E, for

N,=63, K=30and SNR =4 dB

IV. Conclusion

As mentioned before, that the optimum
receiver has a high computational
complexity, so suboptimum detectors are
proposed. Since the conventional detector
ignores the MAI, the performance of the
detector is degraded as shown in the
results, From the results, we found that the
decorrelator detector has a superior
performance than the conventional one.
Besides the decorrelator detector provides
powerful treatment the problem of the
near-far problem in mobile
communication.

Another type of detectors is studied, the
multistage detector. As shown in the
results, the two-stage with decorrelator first
stage has better performance than the
decorrelator detector in addition to its
immunity to the near-far-problem as well.
Studying the effect of code length on the

petformance of detectors, it’s shown that at
high cross correlation between users, the
conventional detector gives the worst
results than decorrelator, which indicates
the sensitivity of the conventional detector
performance with the code length.

On the other hand, the effect of increasing
the number of users is mainly equivalent to
increasing SNRD between users, as shown
in Figs.7, 8 as has been previously
demonstrated [8].
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