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Abstract— In this paper, we present a study of the bit error
rate (BER) performance of DS-CDMA system over a frequency
selective multipath Rayleigh fading channel with perfect power
control. The standard Gaussian approximation (SGA) is used
to evaluate the BER performance for the DS-CDMA. The
performance of DS-CDMA over the frequency selective fading
channel is examined with the varying numbers of multipath
components, varying numbers of interfering cells, and various
process gain. From the simulation results we have seen that the
BER performance is affected by these parameters.

I. I NTRODUCTION

Code division multiple access (CDMA) is a radio commu-
nication technique to allow multiple users to share the same
spectrum simultaneously. It is the most investigated application
of spread spectrum techniques [1]. In DS-CDMA (direct-
sequence code division multiple access), the narrowband mes-
sage is multiplied by a large bandwidth signal, which is called
the spreading signal. The spreading signal is generated by
convolving a pseudo-noise (PN) code with a chip waveform
whose duration is much smaller than the symbol duration [2],
[1]. By assigning different code sequences to each user, it
is possible to allow many users to share the same channel
and frequency simultaneously [1]. However an approximate
orthogonality constraint on the code sequence is employed
to guarantee acceptable performance [2]. Since PN codes are
used and synchronization of user signals is not possible, it
is not possible to achieve perfect orthogonality between the
spreading sequences of different users, therefore, the signal of
another user may appears as noise in some other user’s signal.
This phenomenon is called the multiple access interference
(MAI)[1]. MAI causes degradation in bit error rate (BER) and
system performance. There has been a significant amount of
research conducted on this subject since it is widely used in
wireless communication systems [11], [4], [5].

Multiple access interference (MAI) is a factor which limits
the capacity and performance of DS-CDMA systems. MAI

refers to the interference between direct sequence users. This
interference is the result of the random time offsets between
signals, which make it impossible to design code waveforms
to be completely orthogonal. While the MAI caused by any
one user is generally small, as the number of interferers or
their power increases, MAI becomes substantial. Therefore,
any analysis of performance of a CDMA system has to
take into account the amount of MAI and its effects on the
parameters that measure the performance (most notably the
signal-to-interference-and-noise ration (SINR) at the receiver
and the related bit error probability on the information bit
stream). Much work has been reported on the calculation of
the user average bit error rate (BER) for DS-CDMA systems.
The most widely used and popular approach is the Gaussian
approximation (GA) [6] and its variants.

In this paper, we study the bit error rate (BER) performance
of an asynchronous DS-CDMA system over a frequency
selective multipath Rayleigh fading channel with perfect power
control. The standard Gaussian approximation (SGA) is used
to evaluate the BER performance for the DS-CDMA. This ap-
proximation is the most widely cited and most widely used [7],
[8], [9], [10] because of its simplicity. The performance of DS-
CDMA over the frequency selective Rayleigh fading channel
is examined with varying numbers of multipath components,
varying numbers of interfering cells, and various process gain.

II. SYSTEM MODEL

In this section we provide a mathematical description of
an asynchronous DS-CDMA system. We consider the reverse
link (mobiles to base station) of aMc cells asynchronous DS-
CDMA system that supports K active users. This system is
shown in Fig. 1.

A. Transmitted Signal

We assume that there are K active users transmitting signals
in DS-CDMA system. Each of them transmits a signal which
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Fig. 1. reverse link DS-CDMA System Model.

is described by [11]

sk(t− τ´k) =
√

2Pkbk(t− τ´k)ak(t− τ´k) cos(ωct + θk) (1)

where bk(t) is a binary data sequence,ak(t) is a pseudo-
random sequence,Pk is the power of the transmitted signal,
ωc is the carrier angular frequency,τ´k is the time delay that
accounts for the lack of synchronism between the transmitters,
andθk is the phase angle of thekth carrier. Thekth user’s data
signal is a sequence of unit amplitude rectangular pulses of
duration Tb, taking values from{-1,+1} with equal probability.
This sequence can be expressed as

bk(t) =
∞∑

j=−∞
bk
j pTb

(t− jTb) (2)

wherepTb
= 1, for 0 ≤ t < Tb, and pTb

= 0, otherwise. The
spreading signalak(t) can be expressed as

ak(t) =
∞∑

i=−∞
ak

i ψ(t− iTc) (3)

whereψ(t) is a chip waveform that is time-limited to [0,Tc]
and normalized to have energyTc, where

∫ Tc

0
ψ2(t)dt = Tc is

the chip period, anda(k)
i is the ith chip value of thekth user;

this chip value can be either -1 or +1. There areN chips per
bit and thusN = Tb

Tc
is the process gain for user k. We assume

that the desired user is k=0 and all other users contribute to
MAI.

B. Channel Model

We assume that the channel,hk(t), between thekth and the
base station is a multipath Rayleigh fading channel. We also
assume that the channel is a frequency selective where the chip
rate 1

Tc
is higher than the channel coherence bandwidth. The

delay difference between any two different paths are larger
than the chip durationTc. The complex low-pass equivalent
impulse response of this channel is given by

hk(t) =
Lk∑

lk=1

αk,lkejφk,lk δ(t− τk,lk) (4)

whereφk,lk is the phase of the multipath component,τk,lk is
the path delay, andLk is the number of multipath components.
αk,lk is the magnitude of thelth multipath components with
Rayleigh distribution as follows

fα(α) =
α

σ2
α

(5)

where the parameterσ in (5) is equal to half the average path
power.

The received signal at the input of the correlation receiver
is given by

r(t) =
K−1∑

k=0

Lk∑

lk=1

√
2Pkαk,lkbk(t− τk,lk)

× ak(t− τk,lk) cos(ωct + φk,lk) + n(t) (6)

wheren(t) is additive white Gaussian noise (AWGN) with a
two-sided power density ofN0

2 . Note that the value ofθk is
absorbed into the channel phaseφk,lk , while the values ofτ´k
is included inτk,lk .Without loss of generality, we assume that
the reference user is denoted by k = 0 (user of interest). The
decision statistic at the output of the correlator is given by
[12], [13]

Z0 =
∫ Tb

0

r(t)a0(t− τ0,0) cos(ωct)dt

= b0 α0,0

√
P0

2
Tb +

K−1∑

k=0

Lk∑

[lk=1,l0 6=1]

Υk,lk + ζ (7)

where b0 is the transmitted bit from user 0,α0,0 is the
amplitude of the desired multipath component,P0 is the
transmitted power of the desired user, and

ζ =
∫ Tb

0

n(t)a0(t− τ0,0) cos(ωct)dt (8)

is a zero-mean Gaussian random variable with varianceσ2
ζ =

N0Tb

4 .
We can re-write the decision statistic in (7) as

Z0 = D0 + Υ + ζ (9)

whereD0 is the desired signal component (first term in (7)),
Υ is the MAI (second term in (7)), andζ is the AWGN as
quantified in (8).

III. SYSTEM PERFORMANCE

The use of the Gaussian Approximation to determine the
bit error rate (BER) for a CDMA communication system
is based on the argument that the bit decision statisticZ0

in (9) may be modelled as a Gaussian random variable
[14]. The resulting estimation is called the standard Gaussian
approximation (SGA). This approximation is widely used in
the literatures [7], [8], [9], [10].

In SGA, a central limit theorem (CLT) is used to approxi-
mate the sum of the MAI signals as an additive white-Gaussian
process additional to the background Gaussian noise process.
The receiver design, thus, consists of a conventional single



user matched filter (correlation receiver) to detect the desired
user signal. The average variance of the MAI over all possible
operation conditions is used to compute the signal-to-noise
ratio (SNR) at the correlator output. The SGA is more accurate
as the number of interfering users increases.

In this paper, we model the propagation channel as a
frequency-selective channel generatingL multipaths per user,
each of them independently faded with Rayleigh statistics. In
the case ofMc interfering cells equipped by a conventional
correlation-type receiver at the base station and perfectly
implementing the power control, the BER using the SGA
approach can be given by [2]

BERL|α0,0 = Q




√√√√ α2
0,0

No

2Eb
+ 2σ2

3N [(1 + Mc

5 )LK − 1]


(10)

whereMc is the number of interfering cells,σ2 is the variance
of the Rayleigh random variable modelling the fading process,

andQ(n) = 1√
2π

∫∞
n

e
−u2

2 du. Averaging over the distribution
of α0,0 in (10) with respect to the Rayleigh distribution and
using the integral identity, the average BER in frequency
selective Rayleigh fading using the SGA as [15]

BERL =
1
2
− 1

2
√

1 + No

2Ebσ2 + 2
3N [(1 + Mc

5 )LK − 1]
. (11)

IV. SIMULATION RESULTS

In this section, we present and discuss the numerical results
of the BER performance of an asynchronous DS-CDMA
system over a frequency-selective multipath Rayleigh fading
channel. The numerical results are based on the standard Gaus-
sian approximation (SGA) for the multipath and multiple ac-
cess interference (MAI) (eq. (11)) with perfect power control.
Each cell is equipped with a conventional correlation receiver.
The received power of the desired signal is normalized to 1.

Fig. 2 shows the BER performance over a frequency se-
lective multipath Rayleigh fading channel with perfect power
control, as a function of the number of interfering cellsMc.
In this simulation, the number of multipaths is set toLk =
5, the signal-to-noise ratio (SNR)Eb

No
= 20, the process gain

N = 84, and σ = 1. As illustrated in Fig. 2, we observed
that the BER increases when the number of interfering cells
is less. It is evident that the performance of the DS-CDMA
system depends on the number of interfering cells.

Fig. 3 shows the BER performance over a frequency se-
lective multipath Rayleigh fading channel with perfect power
control, as a function of the number of the multipath compo-
nents (Lk = 3, 5, and 10). The number of interfering cells is
set to Mc = 4, the SNR = 20, the process gainN = 84,
and σ = 1. From the figures, it is clear that varying the
multipath components,Lk, has a significant influence on the
BER performance using the SGA approximation.

Fig. 4 shows the BER performance over a frequency se-
lective multipath Rayleigh fading channel with perfect power
control, as a function of the process gain (N = 32, 84, and
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Fig. 2. BER performance over a frequency selective multipath
Rayleigh fading channel with perfect power control, as a function
of the number of interfering cells withLk = 5, the process gainN
= 84, and SNR = 20.

128). The number of interfering cells is set toMc = 4, the SNR
= 20, the number of multipath components is set toLk = 4,
andσ = 1. From the figures, it is clear that varying the process
gain, N , has a significant influence on the BER performance
using the SGA approximation.

Fig. 4 shows the average BER performance obtained by
simulation over a frequency selective multipath Rayleigh fad-
ing and AWGN channel. From the simulation, we find that
averaging over more experiments and using a larger symbol
size will produce results closer to the theoretical results. The
symbol size used in this simulation is 10,000.

V. CONCLUSION

In this paper, the reverse link (mobile to base station)
performance of an asynchronous DS-CDMA cellular system
over a frequency selective multipath Rayleigh fading channel
is evaluated. The standard Gaussian approximation (SGA)
in case of perfect power control has been used to evaluate
the BER performance for the DS-CDMA system. From the
simulation results we conclude that the BER performance is
affected by the number of multipath components, the value of
the gain process and the number of interfering cells.
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Fig. 4. BER performance over a frequency selective multipath
Rayleigh fading channel with perfect power control, a as a function
of the process gain (N = 32, 84, and 128) with the multipath
componentsLk = 4, and SNR = 20
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Fig. 5. Simulated BER performance over a frequency selective
multipath Rayleigh fading and AWGN channel


