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Abstract: This paper focuses on the full-duplex relaying with co-channel interference. 
Some closed-form expressions for outage probability of a decode-and-forward relay 
system are derived and the independent but not identically distributed Rayleigh fading 
is assumed. The analytical results are compared with the simulated results and a good 
agreement is obtained. 

1  Introduction 
In recent years cooperative relaying communications has attracted more attention 

from the wireless communications area thanks to the increase of coverage and 
throughput without the higher power levels at transmitter end. Most of the existing work 
on cooperative diversity has mainly concerned about single-cell environments without 
the co-channel interference [1-2]. On the other hand, because more new demand for 
wireless communication services continues to increase, frequency reuse has been 
demonstrated to be a practical technique which can efficiently utilize the radio spectrum. 
However, as is well known to all, the frequency reuse can cause co-channel interference 
and it consequently causes severe performance degradation. In [3], performance of a 
two-hop amplify-and-forward system with multiple interferences at the relay end has 
been analyzed. The authors of [4], have investigated outage analysis of a two-hop relay 
system with fixed-gain and multiple Rayleigh interferences at the both relay and 
destination. Recently, in [5] outage analysis of a multiuser relay system employing 
opportunistic scheduling in the presence of interference has been investigated. However, 
the work mentioned above is founded on the hypothesis of the relay operateing in 
half-duplex mode. In practical systems, full-duplex relaying [6-7] can have the better 
spectral efficiency performance than half-duplex relaying. 

In this paper, the closed-form expression for outage performance is derived for a 
decode-and-forward (DF) relay system with full-duplex relaying and co-channel 
interference when the independent but not identically distributed (INID) Rayleigh 
fading channels are assumed. 

2  System model 
We focus on a two-hop relay system where one source (S) transmits signals to one 
destination (D) with the aid of a DF relay (R). In our system model, we assume that 
there is no direct link between nodes S and D. Half-duplex mode is used in the nodes S 
and D, which are equipped with a single antenna, but full-duplex mode is used in the 

2nd International Conference on Machinery, Electronics and Control Simulation (MECS 2017)

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Engineering Research, volume 138

738



node R with one receive antenna and one transmit antenna. Let SRh denote a complex 
Gaussian channel between the nodes S and R with 2[| | ]SR SRE h = Ω and zero mean. The 
expectation operator is with [ ]E ⋅ . At the relay, the received signal can be written by 

  R SR S I Ry h x h x n= + +                                                        (1) 
where sx and Rx are the data symbols from the nodes S and R, respectively. It is assumed 
that Ih is the self-interference channel between output and input of the relay with 

2[| | ]I IE h = Ω . And n  is the additive white Gaussian noise terms with zero mean and the 
variance 2 2[| | ] nE n σ= . On the right side of equation in (1), the second item represents the 
self-interference within node R [6-7]. So, the signal-to-interference and noise ratio 
(SINR) in the S-R link can be obtained by 
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where SP  and RP  are the transmit power of nodes S and R respectively, 2
0 S nPγ σ= , 

2
0 R nPη σ= , 2

0 R nPη σ= ,  2
1 SRhλ =  and 2

I Ihλ = . 
At node D, the received signal in the presence of a co-channel interferer ix , each 

with an average power iP , can be written by 
   D RD R i iy h x h x n= + +                                                (3) 
where RDh  is a complex Gaussian channel between R and D with 2[| | ]RD RDE h = Ω  

and zero mean, ih is the independent complex Gaussian channel between the a 
co-channel interferer and D with 2[| | ]i iE h = Ω  and zero mean. 

Accordingly, the SINR of the R-D link can be written by 
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where 2
i i nPη σ= , 2

2 RDhλ =  and 2
i ihλ = . 

As to the DF scheme, the end-to-end output SINR at the destination (D) may be well 
approximated under the high SNR condition [8]. 

min{ , }eq R Dγ γ γ=                                                         (5) 

3  Outage probability 
In this section, the closed-form expression for outage performance is derived for a 

DF relay system with full-duplex relaying and co-channel interference. 

3.1 CDF of Rγ  

Unlike the half-duplex relaying scheme, full-duplex relaying introduces 
self-interference channel between output and input at the relay. For the S-R link, the 
CDF of Rγ  in (2) can be given by 
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where 
1

1 1( ) xf x e α
λ α −=  and ( ) I

I
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If y e α

λ α −=  are probability density function (PDF) of 1λ  
and Iλ  with 1 01 ( )SRα γ= Ω  and 01 ( )I Iα η= Ω . After a series of mathematical 
manipulations, the expression in closed-form for CDF of Rγ  can be expressed by 
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3.2 CDF of Dγ  

For the second hop, the CDF of Dγ  in (4) can be given by 
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where 2
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λ α −=  are probability density function (PDF) of 1λ  and Iλ  

with 2 01 ( )RDα η= Ω  and 1 ( )i i iα η= Ω . After a series of mathematical manipulations, the 
expression in closed-form for CDF of Dγ  can be expressed by 
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3.3 Outage probability 
Outage probability is a major scale for a wireless communication system and can be 

defined as a probabilit ( )out thP C that the instantaneous mutual information 
2log (1 )eqI g= +  is less than a target rate thC . Therefore, a simple closed-form expression for 

outage probability can be given by 
     ( ) Pr{ } Pr{ 2 1} (2 1)th thC C

out th th eq eqP C I C Fγ= < = < − = −                             (10) 

where ( )eqF γ  denotes the CDF of eqγ  in (5) and can be derived by 
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Submitting (7) and (9) into (11), outage probability in (10) can be expressed as 
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4  Numerical and simulated results 
In the section, we present some analytical and simulation results to evaluate outage 

performance of full-duplex relay networks with co-channel interference. 
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Figure 1. Outage probability vs. 0γ  
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Figure 2. Outage probability with and without co-channel interference 
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   Fig.1 plots outage probability curves based on (13) when 1SR RDΩ = Ω = and 0.1IΩ = . 
For simplicity, it is assumed that 0 0 10η γ= , and every interference channel parameters 

0.1iΩ =  and 0i dBη = . For comparison, we also provide the results of half-duplex 
relaying. From this figure, we can observe that full-duplex relaying has the better outage 
performance. In the first figure, the agreement between the simulated and analytical 
curves validates the accuracy of our analytical formula in (13). Fig.2 plots outage 
probability with and without co-interferer when 1SR RDΩ = Ω = , 0.1I iΩ = Ω = , 

0 0 2iηη  γ= = , 0.1 / /thC bits s Hz= . It is clear that outage probability is degraded due to the 
presence of co-channel interference. 

5  Conclusions 
In this letter, a full-duplex relaying system with self-interference of the relay and 
co-channel interference of the destination is considered in detail, and then closed-form 
expressions for outage probability are provided to obtain the performance analysis and 
effect of interferences simply without statistical simulations. 
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