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Abstract. This paper analyzes the performance of a dual-
hop amplify-and-forward (AF) cooperative relay network 
in the presence of direct link between the source and desti-
nation and multiple co-channel interferences (CCIs) at the 
relay. Specifically, we derive the new analytical expres-
sions for the moment generating function (MGF) of the 
output signal-to-interference-plus-noise ratio (SINR) and 
the average symbol error rate (ASER) of the relay network. 
Computer simulations are given to confirm the validity of 
the analytical results and show the effects of direct link and 
interference on the considered AF relay network. 
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1. Introduction 
Recently, the application of relay technology has at-

tracted many researchers as a low-cost strategy to increase 
the capacity, reliability and coverage of wireless networks 
without requiring extra power or bandwidth. (See [1], [2] 
and the citations therein for example.) Among the com-
monly used relay protocols, such as amplify-and-forward 
(AF), decode-and-forward (DF) and compress-and-forward 
(CF), AF scheme is of particular interest due to its simplic-
ity. When only one relay is exploited to amplify the signal, 
the configuration is called as dual-hop relay network. 

When the channel state information (CSI) is available, 
the performance of dual-hop AF relay networks has been 
well studied in a large body of open literatures [3]-[5]. In 
practice, however, co-channel interference (CCI) due to 
frequency reuse often severely degrades the performance of 
wireless systems. Motivated by this fact, the authors of [6] 
have investigated the effect of CCI on a variable gain AF 
relay network over Rayleigh fading channels. Moreover, 
the authors in [7] have analyzed the ergodic capacity of AF 
relay system with CCI present at both relay and destination 
over Nakagami-m fading channels. By considering the joint 
effects of CCI and imperfect CSI, the performance of 

a dual hop variable gain AF relaying with BF has been 
studied in [8], where the outage probability (OP), average 
symbol error rate (ASER) and asymptotic analysis at high 
SNR have been presented. 

An extension of the previous works to the multi-an-
tenna AF relaying has been presented in [9]-[11], respec-
tively. In [9], the authors have analyzed the performance of 
multi-antenna AF relay systems with feedback delay at the 
source and CCI at the relay. By assuming that the statistical 
CSI is available at the relay, the analytical expressions for 
the OP, Ergodic capacity, ASER of a multi-antenna AF 
relay network have been obtained in [10]. Moreover, both 
the closed-form and asymptotic expressions of OP for 
multi-antenna AF relaying with have derived in [11], where 
the more general case with both the relay and destination 
corrupted by multiple co-channel interferers has been con-
sidered. However, in the aforementioned studies, the direct 
link between the source and destination is assumed to be 
unavailable due to heavy shading, which is not an actual 
model in many practical environments. 

In this paper, unlike the previous related works, we 
conduct the performance of a dual-hop AF cooperative 
relay network, where direct link exists between the source 
and destination, and multiple CCIs corrupt the received 
signals at the relay. In particular, we derive the new theo-
retical expressions for the moment generating function 
(MGF) of the output signal-to-interference-plus-noise ratio 
(SINR) as well as the average symbol error rate (ASER) of 
the relay system. To the best of our knowledge, this is the 
first time such analytical results have been presented.  

2. System Model 
As shown in Fig. 1, we consider a dual-hop AF re-

lay network, where a source S communicates with 
a destination D through a relay R. We assume that each 
node is equipped with a single antenna, and there exists 
a direct link between S and D. Here, all the wireless chan-
nels are subject to Rayleigh fading. The complete commu-
nication takes place in two time slots. In the first time slot, 
S broadcasts the signal to D and R through the fading chan-
nels h0 and h1, respectively. Meanwhile, R is also impaired 
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Fig. 1. System model of a dual-hop cooperative relay network 

with CCI. 

by N CCIs through fading channel hI,n (n = 1,2,…,N). As 
such, the received signals at D and R can be, respectively, 
expressed as 

      0 0 0S Sy t P h x t n t  , (1)
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where PS is the transmit power at S , PI,n is the transmit 
power of nth-interference, xS(t) and xI,n(t) are the transmit 
signal from S  and that from nth-interference, satisfying 
E[|xS(t)|

2] = 1 and E[|xI,n(t)|
2] = 1, n0(t) and n1(t) are the zero 

mean additive white Gaussian noises (AWGNs) at D  and 
R, obeying n0(t)  ℕc(0,σ0

2) and n1(t)  ℕc(0,σ1
2), respec-

tively, and E[.]
 

denotes the expectation operator. In the 
second time slot, the received signal at R is amplified and 
forwarded to D through the fading channel h2. Accordingly, 
the signal received at D can be written as 
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where PR denotes the transmit power at R , n2(t) the 
AWGN at D with zero mean and variance σ2

2. Furthermore, 
GR is the amplify gain at R, given by [9] 
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Following the application of maximal ratio combining 
(MRC) at D, it is not difficult to find that the output SINR 
can be expressed as 
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3, , 1n I nP   being the average signal-to-

noise ratios (SNRs). In (5), γ0 and γR represent the output 
signal-to-noise ratio (SNR) of direct S-D link and the 
output SINR of the S-R-D relay link at D, respectively. 
Note that a similar expression has also been derived in [6, 
equation 5] for the case of ignoring direct link between S 
and D and noise at the relay, indicating that our work 
extends the study of previous works to a more general case. 

3. Moment Generating Function 
MGF is an important approach to evaluate the 

performance of wireless systems, which is defined as 

  E s
rM s e     . Clearly, the MGF of   in (5) can be 

obtained as 
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where  
0r

M s  and  
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M s  are the MGF of 0  and R , 

respectively. Since the S-D link undergoes Rayleigh fading, 
|h0|

2 has a Chi-square distribution with 2 degrees of 
freedom and variance 1/2, the probability density function 
(PDF) is given by  
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Thus, the MGF of 0  can be obtained as [4] 
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To obtain the analytical MGF  
Rr

M s  of R , we first 

express the upper bound of R  as 
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for mathematical tractability. Thus, the MGF of R  can be 

approximated as 

    E R
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where  
R

F x  is the cumulative distribution function  

(CDF) of R , given by 
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with the coefficient ,i jC  given by 
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where iv  denotes the repeated times of 3,i  satisfying 
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 . Consider the S-R link experiences Rayleigh 

fading, the CDF of 1  can be written as 

 
1

1

1 exp
x

F x
 

 
   

 
 .                      (14) 

Therefore,  
13

F x


 can be calculated as 

     
 

13 1 3

1

1

3 0 0

Pr
1

x z

F x x f y f z dydz
  




 
    

       

    
1 3

0

1F x z f z dz
 



                                  

 
,

1 11 3,

1
1 exp

1 !

i
j

vt
i j

j
i j i

Cx

j  

  
          

                

1

1 3,0

1
expj

i

z
z dz

 




  
        
  .               (15) 

With the help of identity [13, equation 3.351.3], we have 
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Meanwhile, the R-D link is subject to Rayleigh fading, one 
can obtain 
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Substituting (16) and (17) into (11), one can obtain the 
closed-form expression of  

R
F x  as 
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Finally, by plugging (18) into (10), after some algebraic 
manipulations, the MGF of R  can be approximately 

calculated as 
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where U(a, b; x) denotes the confluent hypergeometric 
function [14]. In deriving (19), we have applied [14, 
equation 2.3.6.9]. Furthermore, using (8) and (19) into (6), 
one can readily obtain the approximate expression of Mr(s), 
giving 
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4. Average Symbol Error Rate 
The ASER of wireless communication systems with 

various modulation formants over fading channels can be 
expressed as [15] 
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where a , b  and   are the modulation specific constants. 
However, to the best of our knowledge, due to the integral, 
the closed-form solution is mathematically unavailable by 
directly employing the above formula. To overcome this, 
we provide an approximate yet accurate alternative method 
to evaluate the ASER.  

For the case of M-ary phase-shift keying (M-PSK) 
modulation signal, we have 
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By using the definition of MGF, 1L  can be calculated as 
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In deriving (23), we have applied the following 
approximation [16] 

 2
20

2 1 1 4
exp exp exp

6 2 3sin

x
d x x




 

          
  

 . (24) 

Similarly, with the help of identity [16] 
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2L  can be approximately obtained as 

   
 1 2

2 2
2 0

sin1
exp

sin

M M x M
L f x dxd









 

   
   

 
             

  2

0

1 1
exp sin

2 4

M
x

M M

                   
                          

 
    

2

2

sin
exp

sin 1

x M
f x dx

M M





 
    

               

21 1
sin

2 4

M
M

M M
           

    
                                  

 
  

2

2

sin1 1

2 4 sin 1

MM
M

M M M





           
.      (26) 

Furthermore, the approximate ASER expression for  
M-PSK modulation signal can be written as 
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In a similar manner, the ASERs of M-ary Pulse 
Amplitude Modulation (M-PAM) signals can be calculated 
as 
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As for M-ary Quadrature Amplitude Modulation  
(M-QAM) signals, it can be considered as two independent 

M -PAM signals with its ASER being expressed as 
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Following a similar manner to derive (23), 3L  can be 

obtained as 
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In addition, by applying an approximate expression [3], we 
have 
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Therefore, an approximate expression of  
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5. Numerical Results 
In this section, we confirm the validity of the derived 

analytical results through comparison with Monte Carlo 
simulations, and investigate the impacts of the direct link 
and CCIs on the performance of the considered cooperative 
relay network. Here we assume that R is corrupted by 3 
CCIs with the SNRs denoted as ,1I , ,2 ,10.6I I   and 

,3 ,10.8I I  . In all the plots, we define 1 2    , 
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0    and ,1I   , where the cases of no direct link 

and no interferences are denoted as    dB and    dB. 

Fig. 2, Fig. 3 and Fig. 4 show, respectively, the ASER 
versus  γ̅ in terms of QPSK, 8PAM and 16QAM modula-
tion for different η. As we see, since the approximate 
method is used to calculate the MGF of the output SINR in  
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Fig. 2. ASER versus average SNR for QPSK with N = 3 and 

ρ = 10 dB. 
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Fig. 3. ASER versus average SNR for 8PAM with N = 3 and 

ρ = 10 dB. 
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Fig. 4. ASER versus average SNR for 16QAM with N = 3 

and ρ = 10 dB. 

(10), there exist a little deviation at low SNR, the good 
match between the analytical results and the Monte Carlo 
experiments in general can still be obtained. The scenarios 
confirm the validity of the derived analytical expressions. . 
In addition, it can also be found that the ASER perform-
ance is improved with the increase of direct S-D link 
strength. This is because the direct link can enhance the 
output SINR. 
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Fig. 5. ASER versus average SNR for QPSK with N = 3 and 

η = 10 dB. 
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Fig. 6. ASER versus average SNR for 8PAM with N = 3 and 

η = 10 dB. 
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Fig. 7. ASER versus average SNR for 16QAM with N = 3 

and η = 10 dB. 
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Fig. 5, Fig. 6 and Fig. 7 depict the ASERs of QPSK, 
8PAM and 16QAM modulations against SNR for various 
ρ. As we expect, at middle and high SNR regimes, a well 
agreement between the analytical results and Monte Carlo 
experiments is observed. Furthermore, it can also be seen 
that the ASERs of the network decreases with the increase 
of ρ. This is because when ρ is increased, the CCIs are 
degraded, resulting in the increase of output instantaneous 
SNR at the destination. 

6. Conclusions 
In this paper, a dual-hop AF cooperative relay net-

work has been investigated in the presence of S-D direct 
link and multiple CCIs at the relay. In particular, we have 
derived the new analytical expressions for the MGF of the 
output SINR as well as the ASER of the system. Further-
more, we have also provided numerical results to demon-
strate the validity of the theoretical analysis, and examined 
the effects of direct link and interference on the considered 
AF relay network. It should be pointed out the extension of 
the presented method to the more complex networks, such 
as more than one nodes having multi-antenna and/or multi-
ple relays are exploited to amplify the signals, is our further 
work. 
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