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Abstract—This study analyses the performance of direct-
sequence code division multiple access (DS-CDMA) based on
two-hop amplify-and-forward protocol over Weibull symmetric
fading channels as well as Rayleigh/Rician, Rician/Rayleigh
asymmetric fading phenomenas. We investigate the bit-error
rate (BER) of the considered system using multiple relays by
considering the effect of Weibull fading parameter and Rician
K factor on the system performance. Our simulation results
demonstrate the positive impacts of the value of fading
parameter, Rician K factor and increasing number of relay
nodes on BER performance. It is also confirmed that the Rician
K factor is more effective on the system performance over

Rician/Rayleigh fading channels in comparison with
Rayleigh/Rician fading environment.
Index Terms—Two-hop relaying, DS-CDMA, fading

channels, amplify-and-forward.

I. INTRODUCTION

Direct-sequence code division multiple access (DS-
CDMA) which is one of the wireless and mobile
communication techniques, has an important role and is
commonly used in our daily communication technology. The
main objective of DS-CDMA technique is increasing
bandwidth and providing a secure communication in a
frequency limited system [1]-[6]. In some cases, there may
not be possible to communicate between transmitter and
receiver due to path loss, shadowing and fading effects. In
this cases, two-hop relaying, in which a relay node is used
for the transmission of source information, can be a useful
alternative to maintain the communication in DS-CDMA
systems due to its connectivity. Two hop relaying is an
effective method to achieve the high transmission rates and
extend the coverage range. In two-hop transmissions, two
different techniques can be employed such as amplify-and-
forward (AF) and decode-and-forward (DF) relaying. In DF
relaying method, relay sends an estimation of source
information to destination. On the other hand, the relay
amplifies the source information and sends the amplified
source information to the destination in AF method [7].
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Several papers have analysed performance of DS-CDMA
systems based on cooperative diversity in which direct
transmission is considered in addition to two-hop relaying
over different fading channels such as Rayleigh, Nakagami-
m and frequency selective fading channels [8]-[17]. In [8],
the authors investigated the bit-error rate (BER)
performance of DS-CDMA systems by applying cooperative
DF relaying technique over Rayleigh faded channels. A joint
successive interference cancellation (SIC) detection method
with a multi-relay selection algorithm was proposed for the
uplink of cooperative DS-CDMA systems in [9]. Li et al.
evaluated the capacity of cooperative DS-CDMA systems
based on both AF and DF methods in Rayleigh fading
channels [10]. The authors in [11] considered power
allocation problem for DS-CDMA system based on
cooperative communications when the transmission channels
are subject to Rayleigh distribution. In another work, the
performance of AF/DF based DS-CDMA systems are
investigated with use of non-orthogonal spreading codes in
Rayleigh fading environments [12]. The study presented in
[13] gives the evaluation of downlink transmission in a
cooperative DS-CDMA in Nakagami-m distributed channels
by assuming preprocessing at the receiver. Mehemed et al.
[14] evaluated the outage probability of AF cooperative
diversity for DS-CDMA systems under Nakagami-m faded
transmission environments. Convolutional coded
cooperative DS-CDMA systems are studied over frequency
selective fading environments in [15].

In the studies above [8]-[15], cooperative diversity based
DS-CDMA systems are investigated under symmetric fading
conditions where all channels between cooperating nodes
have the same fading distributions. However, symmetric
fading environment is not suitable for the real wireless
channel characteristics. On the other hand, the channels
between cooperating nodes can experience different fading
conditions (asymmetric fading conditions) in realistic
wireless relay networks. In the literature, there are several
studies that are presented the performance of cooperative
diversity and two-hop relaying systems without integrating
DS-CDMA technique under asymmetric channel conditions
[16]-[21]. In [16]-[17], the authors studied the outage
probability and bit-error probability of two-hop AF relaying
(without DS-CDMA system) protocols when the channels
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are subject to Rayleigh/Rician and Rician/Rayleigh fading
cases. Xu et al. [18] examined performance of two-hop AF
transmission without DS-CDMA principle in Nakagami-
nVRician fading channels. In [19], outage probabiliy of two-
hop DF relaying scheme was investigated for
Rayleigh/Gamma fading conditions. The authors in [19]
proposed an analytical expression for the outage probability
of the considered cooperation model in their work. Spalevic
et al. [20], examined a dual-hop AF relaying transmission
model under mixed Rayleigh/Hoyt fading. In [21], the
performance of two-hop DF transmission is studied in
Rayleigh/Weibull asymmetric environments.

Despite the many recent studies about cooperative DS-
CDMA systems, to the best of authors’ knowledge, none of
them has presented the performance of DS-CDMA based on
two-hop AF relaying over symmetric and asymmetric fading
channels. Motivated by these observations, for the first time,
we study DS-CDMA systems based on two-hop AF relaying
over symmetric Weibull fading channels that the use of
Weibull channel model is recommended by IEEE Vehicular
Technology Society Committee on Radio Propagation. In
addition to these, we analyse the performance of DS-CDMA
by using two-hop AF transmission model over asymmetric
fading channels where the channels of two hops experience
Rayleigh/Rician and Rician/Rayleigh conditions,
respectively. Moreover, we illustrated BER performance of
two-hop AF relayed DS-CDMA system for different
scenarios. Furthermore, we present the effects of Weibull
fading parameter and Rician K factor on the system
performance by providing computer simulations.

Il. DS-CDMA SYSTEMS

Spread spectrum based CDMA, has an important role in
our daily life communications. Multiple access systems
allow more than one user to share frequency (bandwidth)
and time, simultaneously. One of the important CDMA
techniques is DS-CDMA. In a traditional DS-CDMA
system, each user is separately treated as an information
while the other users are considered as interference [1]. In
Fig. 1, transmitter of K users DS-CDMA system is shown.
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Fig. 1. Block diagram of K simultaneous users DS-CDMA transmitter.

The information of each user, dy (t)(k=12,..,K) is

modulated and spreaded by the unique spreading code of the
kth user, ck(t), that is different for each user. After that, sum
of the K users information, y(t), is transmitted to the
receiver. K simultaneous users DS-CDMA receiver block
diagram is demonstrated in Fig. 2. At the receiver, y(t) is
multiplied by each user’s unique spreading code to separate
the user information and then, demodulation is applied.
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After demodulation process, decision is made to estimate the
kth user information (dk).
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Fig. 2. Block diagram of K simultaneous users DS-CDMA receiver.

I1l. SYSTEM AND CHANNEL MODELS

A. System Model

Two-hop transmission is a significant way to maintain the
communication when direct transmission is impractical. In
this work, AF protocol is considered with DS-CDMA system
which was explained in the previous section. Two-hop
transmission model with one relay is given in Fig. 3.
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Fig. 3. lllustration of two-hop relaying scheme with one relay.

h

A source (S broadcasts the information signal to the
destination (D) with the help of a relay (R) in a two-hop
system model. hgand hgp indicate the channel
coefficients of SR and R-D links, respectively. For the
considered two-hop AF relaying DS-CDMA system, S node
has a DS-CDMA transmitter while D node has a DS-CDMA
receiver. In addition to these, R node has DS-CDMA
transceiver. In this work, L=1,2and 3 relay nodes are
used. The R nodes are assumed to be operating in the half
duplex mode. The transmission period consists of two
intervals. In the first interval, Stransmits user information to
the R nodes. The received information at Ith R node is given
as

f-1 K

=% % de(i)C(t-ty—iTy)xhg(i)+n(t), (1)

i=0 k=1, k=l

where | =1,2,3, K is the number of simultaneous users, f is
the frame length, d (i) is the ith symbol of kth user and C

is the spreading code of the kth user. Ty, T. and t

represent bit period, chip period and random transmission
delay of kth user, respectively. hgr is the channel fading

coefficient between SR and n(t)is the additive white

Gaussian noise (AWGN) which has zero mean and srz, =Ng

variance.
In the second transmission interval, each relay node
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amplifies the received information according to an

amplification factor which can be expressed as [7]

b /L
2 1
Ep |her|” +No

where E, is energy of transmitted signal. R nodes use the
amplification factor, b, and send the amplified source

information to the D node. At D node, received signal from
Ith relay node is written as

()

f-1K L

=2 X X n(t=Dg~t; —ilTy)hgp, ()b +np, (1), (3)

i=0 k=11=1

where t . is the transmission delay of Ith relay, D, indicates
the time delay of the second transmission phase, hRD| is the

channel coefficient between Ith R-D and Np, (t) is AWGN

of the I1th R-D channel.

At the D node, received signal from each relays are
combined with the use of maximum ratio combining (MRC)
technique for two-hop system as [22]

L
oyre () = |§1Wi o, (. 4)

where L=1,2,3, v is the MRC coefficient of the received

signal from the Ith Rnode and wj = \/E, thD Is éRD. thD
is the conjugate of the equivalent channel coefficient and
s éRD is the noise variance of the S-R-D link.

B. Channel Models

This subsection explains the fading models used in the
considered two-hop AF relaying with DS-CDMA network.
In this study, three different fading scenarios are considered
for the system channels.

In scenario 1, SR and R-D channels are subject to
Weibull distribution which is the symmetric fading
condition. Probability density function (PDF) of Weibull
distribution can be given as [23]

2

aSlexp| - 2T 5
x p [Q ®)

2

where a >0, I'(+) is the gamma function, c is fading

parameter, Q is the scaling parameter and a is the random
Weibull variable. In this scenario, the coefficients of SRand
R-D channels are generated according to the PDF in (5).

In scenario 2, SR and R-D links experience non line-of-
sight (LoS) Rayleigh fading and LoS Rician fading,
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respectively which is the asymmetric fading conditions. The
PDF of SR link can be exponentially written according to
Rayleigh PDF as [23]

(6)

where a; 20, a; is random Rayleigh variable for SR link.

The PDF of R-D link can be expressed according to Rician
distribution as [23]

o (K +1)eK (K+l)aj
fa2 (a2) ( +£1e a2 @ x
Xlo{zaz @J, (7)

where a, >0, K indicates the Rician K factor and I (e) is

the zeroth order modified Bessel function of the first kind.

In the scenario 3, the channels between SR and R-D links
are distributed LoS Rician fading and non LoS Rayleigh
fading, respectively. In this scenario, a; is the Rician

random variable of SR link is while a, is the Rayleigh

random variable of R-D channel.
In scenarios 2 and 3, fading coefficients of the two-hops
are generated according to (6) and (7).

IV. SIMULATION RESULTS

We present the BER simulations of two-hop DS-CDMA
systems with AF relaying technique for three different cases
in this section. All simulation curves are plotted versus
average SNR per hop. In the considered system, the number
of simultaneous users is assumed K =4 and Hadamard
spreading codes are used for spreading with length of
N =32. In addition to these assumptions, all performance
results are shown by varying fading parameters and number
of relays using binary phase shift keying (BPSK).
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Fig. 4. BER performance of two-hop DS-CDMA with the use of AF
relaying over Weibull symmetric channels using BPSK signalling.

In Fig. 4, the BER performance of DS-CDMA system
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with two-hop AF relaying is shown for the symmetric
Weibull fading channels (scenario 1) in which SR and R-D
links are Weibull distributed. Weibull distribution includes
Rayleigh fading (non LoS conditions) as a special case when
c=2. In this figure, performance curves are obtained for
different values of fading parameter for c=1.5 and c=3.
From Fig. 4, it is obvious that the performance is improved
as the value of ¢ parameter is increased, as expected.

When the channel fading parameter value is c=1.5, the
performance is slightly improved as the number of relays are
increased if we compare the case of c=3. It can be clearly
observed that increasing the number of relays has a great
effect on the performance of proposed system when the
fading parameter equals to 3. For instance, when ¢=1.5, the

BER values at 15 dB are equal to 1.9x107! and 1.5x107%
for L=1 and L =3, respectively. In contrast to these
results, if ¢ is increased to 3, the BER values are reduced to

6,1x1072 with L =1 and 1x1072 with L =3 at 15 dB.
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Fig. 5. BER performance of two-hop DS-CDMA using AF relaying over
Rayleigh/Rician asymmetric faded channels with BPSK modulation.
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Fig. 6. BER performance of two-hop DS-CDMA using AF relaying over
Rician/Rayleigh asymmetric fading channels with BPSK modulation.
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In Fig. 5, the BER of the considered system model where
SR/R-D links experience Rayleigh/Rician (scenario 2)
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fading is investigated by varying the Rician K factor as
K =5 dB and K =10 dB. Figure 5 confirms that if the first
hop experiences Rayleigh fading, increasing the number of
relays and higher value of K factor do not improve the
performance for considerable amount. For example, in the
case of L =1, the performance is almost same after 10 dB
when K=5 dB and K =10 dB, respectively. This
observation is also valid for the casesof L=2 and L=3.
Figure 6 shows the BER of the considered system model
over Rician/Rayleigh (scenario 3) asymmetric fading
channels. In contrast to the results in Fig. 5, the performance
is improved when the Rician K factor is increased as can be

seen in Fig. 6. As an example, the BER value is 7.9x1073
for the case of two relays and K =5 dB at 15 dB. However,
if K is increased to 10 dB, the BER value is reduced to

2.8x107° with two relays at 15 dB. In scenario 3, the
amplification factor is calculated according to Rician fading
(LoS conditions) coefficients so the performance is
improved considerably as the number of relay nodes and
Rician K factor are increased.

V. CONCLUSIONS

We investigated two-hop DS-CDMA system in which AF
method is deployed at the relay nodes over different wireless
channel conditions for SR/R-D links such as
Weibull/Weibull, Rayleigh/Rician and Rician/Rayleigh
fading conditions. Focusing on the simulation results, some
useful issues were revealed. It was demonstrated for
Weibull/Weibull channels, if channel conditions are worse
than non LoS Rayleigh fading (c=1.5), increasing the
number of relays in the system does not bring a considerable
amount of performance improvement. Particularly,
simulation results for Rayleigh/Rician asymmetric case
illustrate that the system performance is almost same from
medium SNR to high SNR range even if the value of K
factor is increased. Moreover, increasing the value of Rician
K factor exhibits considerable performance improvement
when SR link is distributed according to LoS Rician fading
conditions as compared to the case of SR link is non LoS
Rayleigh distributed which was confirmed by the simulation
results. This is due to the fact that the system performance
depends on the quality of SR channel in AF relaying
method.
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