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Abstract. In this paper, we analyzed the multi – carrier direct sequence code 
division multiple access system when the received signal is divided into prede-
termined spreading sequences, and the sub - bands are modulated over M carri-
ers. Because of the unknown phase of the received signal at each sub-band the 
receiver cannot coherently combine the outputs of the correlators. We consider 
in this paper non-coherent combining scheme (equal gain combining) with MAI 
interferences. The calculation of the probabilities of detection and false alarm 
for both multicarrier (MC) and single carrier (SC) system in a Rayleigh fading 
channel demonstrated that the performances of the multicarrier system are bet-
ter than those with single carrier system. Obtained results demonstrated that the 
suppression (or the mitigation) of appeared interferences is obtained by the in-
crease of the number of system carriers1.  

Keywords: CDMA, multi-carrier DS-CDMA, equal gain combining, non-  
coherent combing scheme. 

1   Introduction 

The problem of allowing multiple users to simultaneously access a channel without 
causing an undue amount of degradation in the performance of any individual user is 
a classical problem in communication systems. 

The two most common access techniques are; the frequency division multiple ac-
cess (FDMA), and the time division multiple access (TDMA), which attempt to solve 
the problem by spreading the signal in frequency and time respectively. 

For instance, in the FDMA access scheme the inter-modulation problem will be the 
most generated difficulty. However, In the TDMA access scheme the inter-modulation 
                                                           
1  This work has been partially carried out in the framework of the European Celtic project 

MOBILIA (CP5-016), and in the Spanish National project TSI-020400-2008-82, and partially 
supported by the project PHYDYAS/FP7-ICT-2007-1-211887  
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problem does not exist, but an accurate synchronization of all the users becomes of para-
mount importance during the system design. 

Furthermore, whether an interference or multipath effect is present (which will be 
the case in this proposal), degradation in system performance can result in either 
FDMA or TDMA [1] multiple access schemes. The code division multiple access 
(CDMA) system seems more suitable in such adverse environments as it offers more 
robustness against the effects of the multi-user interference degradation. For that 
reason the CDMA is still considered as a potential candidate for future generation 
communications system. [1].  

In this proposal the authors propose a multi-carrier direct sequence (MC-DS) 
CDMA system transmitting over a Rayleigh fading channel. The MC-DS-CDMA 
system has free interference capability which could be achieved among other tech-
niques by correlating the received signal with predetermined spreading sequences. 
Thus allowing that the inherent processing gain of the system attenuating the interfer-
ence effects [2], [3]. For that, the use of a chip waveform filter is necessary to reject 
the narrow band and/or the self interferences. 

The serial acquisition performance of a MC-DS-CDMA system has been widely 
investigated in [4], where each subcarrier signal is subject to frequency-selective 
fading. The performance of the parallel code acquisition of a MC-DS-CDMA system 
has been analyzed in [5] for the case where each subcarrier signal is subject to a fre-
quency-non-selective, and modeled as fading or non-fading (with or without partial 
band interference by computing the probability of error).  

In this work, we consider the MC-DS-CDMA system and we study the probabili-
ties of detection and false alarm, we also consider the single carrier SC-CDMA  
systems in presence of additive white Gaussian noise (AWGN) and multiple access 
interference (MAI) transmitting over a Rayleigh fading channel with equal gain com-
bining (EGC) equalization. This paper is organized as follows: Section 2 introduces 
the system model for the proposed multicarrier DS-CDMA system. The statistics of 
the outputs of the non-coherent correlators and combiners for Rayleigh fading channel 
are presented in section 3 and 4, as well as the calculation of the probability of detec-
tion and false alarm. In section 5, we compared the numerical results for both multi-
carrier and single carrier CDMA systems using the proposed equal gain combining. 
Finally, we provide our conclusions in section 6. 

2   System Description 

2.1   Transmitter 

The block chain of the k-th active user’s transmitter using CDMA scheme is depicted 

in Figure 1, where the data ( )( )k

N
n

D
d  is generated as a random binary sequence, where 

( )k
nc is a pseudo – random (also named as Pseudo Noise-PN) spreading signature 

sequence with n={1,...ND}, ND means the spreading gain. We assume that each signa-
ture has ND chips of duration Tc per symbol which represent also the spreading gain 

code; the ( )( ) ( )k
n

k

N
n cd

D
 sequence is modulated by an impulse train with energy per 



 Performance of MC-DS-CDMA System in Rayleigh Fading Channel 3 

chips equal to cE . The transmitted signal at the output of the chip wave – shaping 
filter modulates M subcarriers. The energy per-chip of the modulating signal over 

each carrier is 
M
Ec . Finally, the spectral spreading is imposed on the complex signal 

by multiplying it with a spreading code. Therefore, the transmitted signal of the k-th 
user [5]- [6]-[7] has the following expression  
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Where h(t) means the impulse response of the chip wave- shaping filter, and mk,θ  is a 
random phase uniformly distributed over [0, 2π] range. In MC-DS-CDMA systems 
the modulated subcarriers are orthogonal over the chip duration. Hence, the frequency 
corresponding to the m-th subcarrier is fm = fp + m/Tc, where fp is the fundamental 
carrier frequency. 

 

Fig. 1. The schematic blocs of the MC-DS-CDMA transmitter 

2.2   The Channel 

The assumed channel is a slowly varying frequency selective Rayleigh channel with a 
transfer function of the frequency band of the k-th user  equal to ( )mkmk j ,, exp βα , where 

αk,m and βk,m are independent and identically distributed (i.i.d) Rayleigh random vari-
ables with a unit second moment, and uniform random variables over [0, 2π] respec-
tively. Consequently, the received signal can be written as [5]: 
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We suppose in our proposal free partial band interference (PBI), ( )tnw  means the 

additive white Gaussian noise (AWGN) with a double side power spectral density 

(PSD) of 
2

0η and mkmkmk ,,,' βθθ +=  is uniformly distributed over [0,2π], Dk is the 

code chip phase sequence of the k-th user, ζk means the unknown offset time defined 
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as ζk=DkMTc+τk. Here τk is the unknown chip delay assumed to be uniformly distrib-
uted over [0, MTc]. 

2.3   The Receiver 

The block diagram of the receiver of the k-th user is shown in both; Figure 2 and, 
where there is an in-phase (I) and quadratic (Q) correlators for each one of the M 
subcarriers. Each one of the in-phase and quadratic non-coherent correlator is com-
posed by a coherent demodulator and a low pass filter (LPF) such that each double 
frequency terms can be ignored [5] (see Figure 2). The outputs of the low pass filter 
are sampled and despreaded by a local PN code replica. After the correlation process, 
the output is squared by a quadratic envelope detector and their outputs are summed 
in both branches; I and Q. The signal summation results passes through an adaptive 
gain amplifier for each of the M non-coherent correlators to produce the decision 
component within the symbol combiner (see Figure 3). The authors propose to handle 
the acquisition process by means of a sequential method where the incoming signal is 
correlated serially with all the possible phases of the local PN code replica. The result 
of this operation is stored within the symbol combiner. We assume that the chip 

wave-shaping filter has the following characteristics: ( ) ( )2
fHfX ≡  satisfied, the 

Nyquist criterion, ( ) 1≡∫
+∞

∞−

fX , and ( )fX  is band limited to whole 'W  system band-

width such that 
2

'
1 mm ff

W
−≤ + . These imply that the direct spread waveform does not 

overlap the adjacent bands and therefore we have free adjacent channel interferences 
(CI) [5]. To ensure the above filter characteristics, ( )fX  (see Figure 3) is a raised-

cosine filter with the characteristic shown in (3) [8]-[9].   
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Fig. 2. The non-coherent correlator (I,Q) for the each m-th subcarrier 
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Fig. 3. The receiver of the multi-carrier DS – CDMA system 

3   The Statistics of the Outputs of the Non-coherent Correlator 
and Combiner 

3.1   The Statistics of the Non-coherent Correlator  

We assume that during the acquisition process no data are transmitted 

i.e.
( )

( ) 11
1 =+

DN
Dnd

, and the outputs of the non-coherent correlator of the m-th branch are 
given by 

( )( ) ( )( ){ }2 2
1 I Q

m m m mz g Y Y−= +      (4) 

Where 1−
mg  

represent the adaptive gain control (AGC) over the m-th branch assumed 

perfectly estimated from the average received power and is given by: 

( ) ( ) ( ) ( )22 '' c
Q
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  (5) 

Where ( ). , means the average calculation. The terms ( ) ( )2
'I

m cy n MT and 

( ) ( )2
'Q

m cy n MT are; the in phase and the quadratic sampled signals at rate ( 'n MT ) 

respectively (see ) and are equal to: 
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Where ( ) ( ) ( )[ ]1
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yI  are the interference parts in each of the in phase and quad-

ratic branches respectively. And similar to the interference parts, we have ( )
m

I
yN  and 

( )
m

Q
yN which are the experienced noise in the in-phase and the quadratic signals 

respectively. For the Rayleigh fading channel, the conditional probability density 

function (p.d.f) on Hi (i=0,1) of mz  is given by [5]: 
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3.2   The Outputs of the Non-coherent Combiner  

In this paper, we consider one kind of the non-coherent combiner scheme. 

3.2.1   Equal Gain Combining (EGC) 
In this kind of the symbol combining the output is given by [5]-[10]: 

∑
=

=
M

m
mzz

1

                                                            (8) 

For Rayleigh fading channel the characteristic function conditioned on Hi of z  in (8) 
is the product of the all characteristics functions of zm and is given by: 

( ) ( )ss
M

m H
z

H
z

i

m∏
= ⎟

⎠
⎞⎜

⎝
⎛⎟

⎠
⎞⎜

⎝
⎛ Ψ=Ψ

11

                          (9) 

 
Where ( )s
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⎛Ψ  is the Fourier transform of the probability density function (p.d.f) 

of mz which is obtained from (7). For a Rayleigh fading channel the characteristic 

function is expressed as  
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The probability density function of z is the inverse Fourier transform of its character-
istic function from Cauchy residue theorem; we obtain the p.d.f. function as 
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The value 
,2 'm iv  is hereafter defined. 

4   Calculation of the Probability of Detection and False Alarm  

4.1   Probability of Detection 

The probability of detection PDfe is provided by the integration of the probability den-
sity function of z in (11) over the normalized threshold γ* (γ* =γ/N) and the correlation 
period N [11]. Therefore we obtain the final expression of the probability of detection 
as  
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With ( )aBNv im +=;'2 , where B and a are calculated as the following 
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Where α means here the roll-off factor. 

4.2   Probability of False Alarm 

In a similar manner of calculation of Dfep , we can obtain the false alarm probabil-

ity Fafep  as: 

( ) ( )
( )

1

0

2
,0

,0 ,0

exp

'
2

mM

Fafe
m

m
m m

p
Fact m

m
with v v

γ
γ

∗−
∗

=

=

′
= +

∑

                                            

 (13) 



8 I. Ikhlef et al. 

5   Numerical Results 

In this section, we make a comparison between the probability of detection and false 
alarm in Rayleigh Fading channel with no- partial band interference for both multi-
carrier and single-carrier systems. The period of correlation of the single carrier has 
been chosen equal to N1=512, but for the multi-carrier N= N1 /M, and a roll-off factor 
α of the raised-cosine filter equal to 0.5 [5]-[8]-[9]. 

The expression of the probability of detection and false alarm contain too many pa-
rameters. Simulation results are obtained by MATLAB software, and by applying 
linear interpolation over the different points. 
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Fig. 2. Probability of detection for Rayleigh fading channel for a multi-carrier system (M≥2), 
with equal gain combining and using different values of K. 

The significant inconvenient of the CDMA scheme is the multiple access interfer-
ence (MAI). The effect of the MAI on both probabilities; of detection and false alarm 
using equal gain combining is shown in  

Figure 2. It can be observed that when the number of interferes (undesirable users) 
increases, the probability of detection decreases. However the probability of false 
alarm remains constant, this could be explained by the fact that this probability 
doesn’t depend on the value of K (active users). 

In Figure 5, we can easily see that the minimization of the MAI interference is 
given by the increasing of the number of the carriers M which allows a very good 
probability of detection and a constant probability of false alarm. The performance of 
the multi-carrier system (for M=2,4) is better than the performance of the single car-
rier system (for M=1 ) because the probability of detection of the first system is 
greater than the probability of detection of the second system with a low probability 
of false alarm. Finally, in order to minimize the MAI interference, the use of the equal 
gain combining in MC-DS-CDMA is more than recommended.  
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Fig. 3. Probability of detection for Rayleigh Fading channel for both multi-carrier ((M≥2)) and 
single carrier (M=1) systems with the equal gain combining for different values of M, and 
number of interferes (K=8) 

6   Conclusions 

In this paper, we have analyzed the type of combination having an equal gain combin-
ing equalization in multicarrier and single carrier systems over a Rayleigh fading 
channel. We know that interferes (the undesirable users) represent the MAI interfer-
ence; the results demonstrate that the increase of M minimizes this kind of interfer-
ence. In the Rayleigh Fading channel, the performance of the multi-carrier system is 
better than the single carrier system for the equal gain combining. 

Based on the obtained results, we recommend the use of the proposed equal gain 
combiner for multi-carrier CDMA system in the Rayleigh fading channel, especially 
when the MAI exists in order to minimize it. The increase of the number of subcarrier 
helps such mitigation.  
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