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Abstract-Direct Sequence (DS) Code Division Multiple Access 

(CDMA) systems are considered for a variety of wireless 
applications and services because DS-CDMA enables the 
transmission of multimedia messages such as voice, data and 
video. The performance of Quasisynchronous DS-CDMA (QS-
CDMA) communication system with a maximal ratio combiner 
(MRC) over a frequency selective time non-selective multipath 
Generalized Gamma fading channel is derived for not only any 
random / deterministic spreading sequences but also any chip-
limited chip waveforms. Numerical and simulation results show 
that the performance of QS-CDMA is as good as or slightly better 
than synchronous CDMA (S-CDMA) when the maximum 
quasisynchronous delays do not need to be less than some specific 
values depending on the path power scattering. With this 
flexibility of quasisynchronous delays for the better performance, 
both the transmitter and receiver complexity is reduced as 
quasisynchronous communication is a challenging task for 
researchers. Lastly, a measure, Partial Power Ratio (PPR), is 
defined based on the partial autocorrelation functions, to select or 
design a chip waveform for quasisynchronous communication. 
Results show that QS-CDMA using the chip waveform whose 
PPR is greater, has better performance. 

I. INTRODUCTION 

DS-CDMA systems are considered for a variety of wireless 
applications and services because DS-CDMA enables the 
transmission of multimedia messages such as voice, data and 
video over the same channel, and provides high capacity and 
quality of service. Therefore, it is currently being employed in 
digital cellular mobile radio communication systems [1], [2]. 
However, the system performance is usually limited as a result 
of multipath environment, fading, the cross-correlation 
functions of the spreading sequences employed by users, and 
the maximal allowed delays among the users [3], [4], [5]. 
Moreover, by increasing number of mobile users, multiple 
access interference (MAI) considerably degrades the 
demodulator performance. To alleviate this performance 
degradation, MAI must be minimized irrespective of channel 
characteristics [4]. Hence, the orthogonal spreading sequences 
must be employed while the maximal allowed delays among 
the users are constrained into a small fraction of one chip 

duration due to the fact that Synchronous CDMA (S-CDMA) 
has very low MAI over fading channels if orthogonal spreading 
sequences are employed. In this way, this CDMA system 
possesses almost all intrinsic advantageous of Synchronous 
CDMA (S-CDMA). In literature, this type of CDMA is called 
Quasisynchronous CDMA (QS-CDMA).  This problem is first 
studied in [4], [5], [6]. The exact knowledge of mobile users’ 
delays / amplitudes is very important to improve the 
performance of QS-CDMA because the elimination of MAI is 
possible only if the users’ delays / amplitudes are estimated 
correctly [7], [8]. Application of new signal formats such as 
using wavelets is also another choice to reduce MAI for 
quasisynchronous communication [9], [10]. 

 The bit error rate (BER) of each user in QS-CDMA system 
is also affected by the channel characteristics. In multipath 
fading environment, the received signal at the base station is 
composed of multiple reflections of the transmitted signal 
which have their own directions of arrivals, amplitudes, phases 
and delays  [11], [12], [13]. The fading can be either flat or 
frequency selective. In frequency selective fading, Multipath 
Intensity Profile (MIP) describes the received signal powers of 
users on all resolvable paths. A series of propagation 
experiments conducted in typical urban / indoor areas have 
revealed the multipath nature of the mobile radio channel such 
that it is common to assume an exponential power delay profile 
in urban / indoor systems [11], [12], [13], [14]. Recently fewer 
efforts have been made to study the QS-CDMA system 
performance, based on the more general fading model such as 
frequency-selective multipath fading channel. BER 
performance of a QS-CDMA system over a multipath Rayleigh 
fading channel is evaluated in [15]. Quasisynchronous 
performances of Walsh-Hadamard, QS, Lin-Chang, LCZ-
GMW, ZCZ sequences are compared using a conventional 
receiver (RAKE) and a Parallel Interference Canceller (PIC) 
receiver over a multipath Rayleigh fading channel [16].  

However, in this paper, while the symbol error rate (SER) 
performance of QS-CDMA is derived for M-level Phase Shift 
Keying (MPSK) signaling over frequency selective time non-
selective multipath Generalized Gamma fading channels, a 



 
maximal ratio combiner (MRC) is used to recover signals on 
each resolvable path and combine them in order to increase 
Signal-to-Noise Ratio (SNR) at the receiver. Firstly, the SER 
performance is obtained for both any spreading sequences and 
any chip-limited chip waveforms. Secondly, Numerical and 
simulation results show that the performance of QS-CDMA 
will be as good as or slightly better than the performance of S-
CDMA when the maximum quasisynchronous delays do not 
need to be less than such specific values as 0.2 chip period for 
Rectangular, 0.6 chip period for Half-Sine, and 0.7 chip period 
for Raised-Cosine chip waveform, depending on the path 
power scattering function. With this flexibility on the 
maximum quasisynchronous delay, the receiver 
synchronization complexity is decreased. Lastly, a measure, 
which we call Partial Power Ratio (PPR), is defined based on 
these partial correlation functions to select or design a chip 
waveform for quasisynchronous communication. Results show 
that QS-CDMA using the chip waveform whose PPR is greater 
than that of other chip waveforms, has better performance. 

The remainder of this paper is organized as follows. In 
Section II, we present the transmitter, the multipath fading 
channel and the receiver models, and maximal ratio combining. 
In Section III, SER performance is derived. Numerical and 
simulation results are provided in Section IV, and in the last 
section, our conclusions are drawn. 

II. QS-CDMA SYSTEM MODEL 
A. Transmitter Model 

We consider an uplink DS-CDMA wireless communication 
with quasisynchronous channel access model that consists of K 
users. Users are assigned specific spreading sequences such 
that they share the same channel resources and transmit with 
delays smaller than one chip duration. The transmitter 
schematic of the kth user is shown in Figure 1.  

 
Figure 1. Transmitter structure of user k 

The transmitted signal of user k can be represented in terms 
of time instants bnT  as follows [4], [5] 
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where n is the time instant index, bT  is the period of 
information pulses, and cT  is the chip duration with respect to 

spreading gain such that b cN T T= . kP  and ( )n
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power and information symbols of user k, respectively. 
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 is the spreading sequence of user k. Spreading 

waveform of user k is defined as  
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where ( )
cT tψ  represents arbitrary shape of the chip-limited chip 

waveform. In this work, the performance expressions are 
obtained for any chip waveform. However, the following chip 
waveforms are investigated for simulation and numerical 
results, 
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For quasisynchronous case, the delays among the users are 
restricted to a small fraction of one chip duration. Hence, 
channel access time offset of user k can be expressed as 

k k cTτ = ∆ , where k∆  is the normalized quasisynchronous delay 
of user k and is uniformly distributed over - s k s∆ ≤ ∆ ≤ ∆ . s∆  is 
the maximum allowed quasisynchronous delay between all 
users such that 0 1s< ∆ <  [4], [5]. Relative delays between all 
users influence the system performance. The relative delay of 
user i with respect to user k is stated as î i kτ τ τ= − . The relative 
normalized quasisynchronous delay of user i is expressed as 

ˆ
i i k∆ = ∆ − ∆  (7) 

which has the triangular probability density function (pdf) as 
follows [5] 
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B. Multipath Fading Channel Model 
In multipath fading environment, the received signal is 

composed of multiple reflections of the transmitted signal 
which have their own directions of arrivals, amplitudes, phases 
and delays [13]. A widely accepted model for a frequency-
selective time non-selective multipath fading channel is a 
finite-length tapped delay line with a tap spacing of one chip 
[17], such that its complex low-pass impulse response for user 
k at time instant bnT  is given by 
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where Lc (Lc<<N) is the number of paths between user k and 
receiver base station. The phases ( ){ },

n
kφ A  are mutually 

independent identically distributed random variables and 
uniformly distributed in the interval [0,2π). cL  multipath 

attenuations (tap weights) ( ){ },
n

kα A  are mutually independent 

Generalized Gamma random variables with pdf given as [17] 
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where ( ).Γ  represents the gamma function, m denotes the 
fading figure, defined as [18] 
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where [ ].E  and [ ].Var   denote expectation and variance 
operators, respectively. The parameter, ξ in (9) denotes the 
shape parameter. Such commonly employed fading models as 
the Rayleigh (m=ξ=1), Nakagami-m (ξ=1), Weibull (m=1), 
lognormal (m→∞, ξ=0), and AWGN (m→∞, ξ=1) are special 
or limiting cases of the generalized gamma distribution. The 
parameter ,kΩ A  in (9) is the MIP which describes the received 
signal powers of user k on the thA path. It is common to assume 
an exponentially decaying MIP in urban and indoor systems 
[13], [14]. Exponentially decaying MIP distribution is given by  

( ), ,0 expk k ρΩ = Ω −A A , 0ρ >  (11) 
where ,0kΩ  is the average signal strength of the first resolvable 
(main) path. The parameter ρ  reflects the decaying rate of the 
average signal path strength.  

 
Figure 2. Receiver structure for user k 

C. Receiver Model 
The total received signal from all users is given as 
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where k , m , A  are the indices of users, chips, paths, 
respectively. The receiver structure for user k at the base 
station is depicted in Figure 2. n(t) represents the complex 
AWGN with zero mean and double-sided power spectral 
density of 0 2N . The receiver for user k consists of fingers, 
each of which is synchronized to different paths. The received 
signal r(t) is correlated with the chip waveform filter 

( )
cT cT tψ −  synchronized to user k, and sampled at time 

nTb+mTc instants, then these samples are delayed by the finite- 
length tapped delay line (L fingers) with a tap spacing of one 

chip. The samples at fingers are separately correlated by the 
spreading sequence of user k, and sampled at time instant nTb. 
The recovered samples ( )

,
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where ∗  denotes complex conjugation, and .c fe h  is sign 
function. The parameter η  is a random variable that reflects 
the complex AWGN with zero mean and unit variance. 

( )jkR A and ( )ˆ
jkR A  are the partial cross-correlation functions 

between spreading sequences of users j and k according to 
overlapping symbols and overlapped adjacent symbols. 

( )ˆ
j cR Tψ ∆  and ( )ˆ ˆ

j cR Tψ ∆  are the partial autocorrelation 

functions of the chip waveform.  
For the L-finger receiver, the decision variable 
( )

,
n

k pq , 1, ,p L= … , for pth finger at the time instant bnT  is 
obtained by means of co-phasing and optimally weighting the 
recovered individual samples ( )

,
ˆ n
k pb  with its own fading phase 

( )
,
n

kφ A  and amplitude ( )
,
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kα A , respectively. The decision random 
variable for user k, 1 k K≤ ≤  is eventually obtained as   
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where ( )
,
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,
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III. PERFORMANCE ANALYSIS 
SER performance of QS-CDMA for MPSK modulation is 

derived for different chip waveforms and multipath 
Generalized Gamma fading channels. In the analysis, the 
statistics of the decision variable, ( )ˆ n

kb  seen in Figure 2 is 
analyzed by using Gaussian approximation such that both MAI 
and inter symbol interference (ISI) are modeled as an additive 
Gaussian noise [20]. In our approximations, not only spreading 
gain but also number of users is chosen higher for perfect 



 
Gaussian approximation. Then, SER performance can be 
obtained by using Gaussian approximation. The decision 
variable ( )

,
n

k pq , 1, ,p L= … , of user k, 1 k K≤ ≤ , for pth finger at 
the receiver at the time instant bnT  can be compactly 
represented as 
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where the first term, ( )
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k pD  is the desired signal recovered from 
the pth finger and expressed as 
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The second term in (15) represents ISI generated from the 
multipath nature of the channel. It is modeled as Gaussian 
random variable with zero mean and variance of  
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The third term in (15) represents MAI generated from other 
users’ signals, and is also modeled as Gaussian random 
variable with zero mean and variance of  
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expected partial powers of chip waveform and correlation 
between partial autocorrelation functions, respectively. The 
fourth term in (15) represents the AWGN noise with zero mean 
and variance of  
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In (17) and (18), ( )I
jkZ A , ( )II

jkZ A  and ( )III
jkZ A  are the auxiliary 

squared correlation functions between any two mobile users 
(user j and user k), based on the partial cross-correlation 
functions of spreading sequences, and expressed as  
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where {}ℜ ⋅ denotes the real part. Consequently, upon utilizing 
the central limit theorem, we obtain the SNR for the decision 
variable ( )

,
n

k pq  of thp  finger at the receiver as follows 
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where ,k pγ  is the normalized SNR with respect to the squares 
of the fading amplitudes on the thp  resolvable path, and 
obtained for any random / deterministic spreading sequences 
and any chip-limited chip waveforms as follows 
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In (23), since ( )
,
n

k pα  is Generalized Gamma random variable 
mutually independent from the fading amplitudes of other 
resolvable paths, the pdf of ( )

,
n

k pγ  is expressed as [17] 
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where ( ) ( )1m mβ ξ= Γ + Γ  and ,k pγ  is the average SNR for 
the pth resolvable path which is given as 
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The number of fingers at the MRC receiver is formerly chosen 
as L according to the desired channel resolution, the receiver 
complexity and multipath delay spread. Finally, the SNR of the 
decision random variable ( )ˆ n

kb  at the time instant bnT  for user k, 
1 k K≤ ≤ , can be reduced to the sum of SNRs of the finger 
decision variables ( )

,
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k pq , 0,1, , 1p L= −…   [21], given by  
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Having obtained the statistics of the finger decision variables, 
we can derive SER for QS-CDMA over frequency selective 
time non-selective multipath Generalized Gamma fading 
channels. For MPSK signaling, the SER conditioned on a set of 
SNRs of the resolvable paths is then expressed as [21] 
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Since the power strengths ( )
,
n

k pγ , p=1,..,L-1 of resolvable paths 
are mutually independent but not identically distributed, the 
conditioned SER can be averaged over the pdf of each ( )

,
n

k pγ . 
Then, SER performance is obtained as 
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Consequently, in terms of Fox’s H functions [22], SER 
performance is derived as follows  
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where ,k pγ , given in (26) and (24), will change for different 
users using deterministic spreading sequences. Therefore, the 
overall performance of the system is obtained as 

,
1

1 K

SER k SER
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P P
K =

= ∑  (31) 

IV. NUMERICAL RESULTS 
In this section, we evaluate (31) and do computer simulations 

for the SER performance of QS-CDMA with MRC combiner 
and MPSK signaling over frequency selective time non-
selective Generalized Gamma fading multipath channels and 
investigate the effects of chip waveform shaping and maximum 
normalized quasisynchronous delay (∆s) on the system 
performance. The parameters common in all figures are 
summarized as follows. The type of spreading sequence, and 
the spreading gain are chosen Hadamard (Walsh) and 32N =  
for all users, respectively. And also, the number of resolvable 
paths of the multipath channel is chosen as  Lc=10. The power 
decaying rate changes from 1 to 4 for almost indoor 
communication. The systems are fully loaded such that the 
number of users in the system is K=N, and the powers of users 
are equal, Pk=P, k=1,..,K. 

 
Figure 3. The overall QPSK SER performance of multipath QS-CDMA with 
five-finger MRC receiver for maximum quasisynchronous delay ∆s=0.5 chip. 

The overall SER performances of QS-CDMA for 
Rectangular, Half-sine and Raised-Cosine chip waveforms are 
depicted in Figure 3. The quasisynchronous performance is 
interestingly better than the synchronous performance for 
multipath channels. Moreover, Raised-Cosine chip waveform 
has the best performance, which can also be, as an innovation, 
verified without doing any SER computations / simulations by 
the fact that the PPR of Raised-Cosine is higher than those of 
other chip waveforms. We define PPR as follows 
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As seen in Figure 4, the PPR value of the Raised-Cosine chip 
waveform is the largest among the chip waveforms, which 

means that the performance of Raised-Cosine chip waveform is 
better. This result is also seen from Figure 3 and known in 
literature, however, we provide a measure, PPR to determine 
that. 

 
Figure 4. Partial power ratio (PPR) with respect to normalized maximum 

quasisynchronous delay (∆s). 

Consequently, PPR can be employed to search suitable chip 
waveforms for better performance. For instance, one chip 
waveform can be dependent on some parameters as follows 

( ) ( ),
c cT Tt tψ ψ≡ x  (32) 

where [ ]1 2, , Px x x=x …  is the chip waveform shaping parameter 
vector and P is the length of this parameter vector. The chip 
waveform for the best performance can be designed / selected 
by minimizing PPR as follows 

( ) ( )
( )
( )1 1

2

, , 2

ˆ,
ˆ , max

ˆ ˆ,
c c

P

c

T T x x x
c

E R T
t t

E R T

ψ

ψ

ψ ψ

  ∆   
 

 ∆    

x
x

x…
�  (33) 

Moreover, the power spectral density of chip waveform can 
also be considered as a constraint for this optimization 
problem. For asynchronous case, all chip waveforms have 
similar performance since the PPR values of all chip 
waveforms are very close for ∆s=1.0 chip (almost 
asynchronous case) as seen in Figure 4. However, the 
performance difference can be better observed when 
quasisynchronous delays are lower than one chip. Therefore, it 
is shown by means of PPR that chip waveform design is more 
suitable for quasisynchronous delays lower than one chip. 

 
Figure 5. The overall BPSK SER performance of multipath QS-CDMA with 

Rectangular chip waveform and five-finger MRC receiver. 



 

 
Figure 6. The overall BPSK SER performance of multipath QS-CDMA with 

Half-Sine chip waveform and five-finger MRC receiver. 

 
Figure 7. The overall BPSK SER performance of multipath QS-CDMA with 

Raised-Cosine chip waveform and five-finger MRC receiver. 

As seen in Figures 5-7, the performance of the system is still 
very good, furthermore, better than that of the synchronous 
communication as long as maximum quasisynchronous delay is 
lower than the specific values such as 0.2, 0.6, and 0.7 chip 
period for Rectangular, Half-Sine and Raised-Cosine chip 
waveforms, respectively, for the power decaying rate ρ=3.0. 
Therefore, for better performance, the quasisynchronous 
delays do not need to be less than these specific values. More 
complicated timing algorithms, which complicate the 
transmitter and receiver structures, to minimize maximum 
quasisynchronous delays are not needed. Thus, the complexity 
of quasisynchronous synchronization circuits at both 
transmitter and receiver are reduced as quasisynchronous 
communication is a challenging task for researchers. 

V. CONCLUSIONS 
In this paper, the performance of QS-CDMA in the 

frequency selective time non-selective multipath Generalized 
Gamma fading channels has been investigated and the effect of 
maximum quasisynchronous delays on the performance is 
addressed. Numerical and simulation results have revealed that 
the performance of QS-CDMA will be approximately the same 
as the synchronous performance of QS-CDMA if the maximum 
quasisynchronous delays are less than specific values which 

enable wireless network designers some flexibility. In addition, 
PPR is defined based on the partial correlation functions in 
order to select or design a chip waveform for quasisynchronous 
communication. Results show that QS-CDMA using the chip 
waveform with greater PPR has better performance. 
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