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ABSTRACT 
 

Aims: Considering the effect of relay occupancy at relay selection schemes and also proposing a 
new approach which helps the selection schemes to find the best free relay.  
Study Design: Comparative study by simulation in MATLAB software. 
Place and Duration of Study: Digital Communications Signal Processing (DCSP) Lab. of Shahid 
Rajaee Teacher Training University (SRTTU), Since 1

st
 June 2012 up to 1

st
 August 2014. 

Methodology: In the existing research works, relay-based system is modeled by a pair of 
transmitter-receiver nodes and a number of relays. Also, it is assumed that the selected relays are 
always free. In this investigation, the effect of relay occupancy due to other pairs is considered. For 
this purpose, a uniform distribution is applied for all relays to show the effect of free or busy relay 
nodes. Then, the performance of the relay selection methods is obtained by using two well-known 
performance metrics, bit error rate (BER) and outage probability. As the main goal of this research, 
a new approach is proposed which first finds the free relays and then applies one of the selection 
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methods, Max-Min SNR Selection (MMS), Max-Sum rate Selection (MSS) and Hybrid Selection 
(HS), to find the best relay which satisfies the optimization problem. 
Results: For both Amplify and Forward (AF) and Decode and Forward (DF) relays, the new 
approach will reduce outage probability of HS scheme. For AF relays, BER of MMS and HS 
schemes will be decreased but it has neglected effect on the outage probability of MSS scheme. 
For DF relays, BER of MMS, MSS and HS schemes will be decreased. 
Conclusion: According to optimization problem for each relay selection scheme, the proposed 
approach can significantly reduce the outage probability and BER in realistic conditions which the 
effect of other nodes is considered. 
 

 
Keywords: Physical-layer network; outage probability; symbol error rate; two-way relay; amplify and 

forward; decode and forward. 
 

1. INTRODUCTION 
 
Cooperative communication has drawn a lot of 
interests in recent years due to its capability to 
increase the coverage of each base station in 
cellular systems, balance the network traffic 
distribution, enhance the quality of service, and 
increase the capacity as well as the data rate. A 
common approach to enable cooperative 
communication is to deploy some intermediate 
relay nodes which can potentially process their 
received signals and then retransmit them. As 
stated in [1], relay nodes can effectively reduce 
the effect of fading in wireless communication as 
they are providing several copies of the 
transmitted signal at the destination [2].  
 
Two-way relay networks, where two source 
nodes exchange information via a single relay is 
a special case of the general relay networks, 
which significantly increase the system 
throughput. A two-way relay network has higher 
throughput and spectral channel coding 
techniques are usually used in order to enhance 
the transmission reliability; thus the relay nodes 
can perform the decoding algorithm to 
completely decode the transmitted signals in the 
presence of noise and other  channel  
impairments [3]. Because the relay nodes cannot 
transmit and/or receive at the same time or 
frequency, half-duplex mode is considered for 

transmission. More specifically, these 
approaches are four time slot, three time slot 
(TDBC), and two time slot (MABC) schemes        
[4,5]. 
  
A relay can be either regenerative or non-
regenerative. In non-regenerative or Amplify and 
Forward (AF) relays (See Fig. 1-a), signals which 
have been transmitted from source nodes to 
relay will be amplified and then the amplified 
version of combined signals will be transmitted to 
destination nodes. In AF relays, no further signal 
processing will be applied to the received signal; 
however, the received noise power will be 
amplified and transmitted to the destination. This 
method is used in the Analog Network Coding 
(ANC). In regenerative or Decode and Forward 
(DF) relays, after receiving the transmitted coded 
signals from both sources to the relay, the relay 
decodes a combination of them to overcome the 
noise (See Fig. 1-b). Then, relay sends the re-
encoded combined signal to the destination 
nodes. Finally, received data will be decoded in 
both destinations. By the knowledge of the 
transmitted signal from each source node, the 
other signal will be found by subtracting the re-
encoded signal and the first transmitted signal. 
However, this scheme requires a full codebook in 
both source nodes and it is used in Physical 
layer Network Coding (PNC) [4].  

 

 
 

Fig. 1.  System model (a) ANC (b) PNC [13] 
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Relay selection is a cooperative approach, which 
can help the network to achieve full diversity 
while it needs lower synchronization and less 
feedback data in comparison to other schemes 
[4]. In AF relays, one of the most common relay 
selection approaches is the Max-Min signal to 
noise ratio (SNR) Selection (MMS) strategy. In 
DF relays, different proposals have been 
presented, such as, the optimal selection, Max-
Min Selection (MMS), Max-Sum rate Selection 
(MSS), Hybrid Selection (HS) which is a 
combination of the latter two selection schemes, 
and Max-Min distance between constellation 
points selection [6,7]. The focus of this paper is 
on MMS, MSS and HS, due to their lower 
complexity.  
 
Outage probability and Bit Error Rate (BER) are 
two important criteria in evaluation the 
performance of a communication system. The 
non-regenerative relay network considering 
different relay selection schemes is investigated 
in [1] and Symbol Error Rate (SER) is evaluated 
for BPSK, QPSK and 8PSK (Two, Four and Eight 
level Phase Shift Keying) modulations. Similar 
approaches were used in [6,7] for regenerative 
relay networks. Also, the outage probability was 
expressed for regenerative relay networks for 
different relay selection schemes in [6].  
 
In the previous studies [2-10], the relay selection 
scheme selects the best relay which offers less 
transmitted power, lower SER and outage 
probability or provides higher sum rate. In these 
works, the effect of the other transmitter-receiver 
pairs (or other neighbor cells in cellular 
structures) on the relay selection and final 
performance has not been considered. Hence, 
there is no additional restriction on the relay 
selection schemes. In this paper, two-way relay 
network is considered which uses two phases 
protocol (using two time slots) and considers the 
effect of other transmitter-receiver pairs. In 
practical systems, the selected relay might be 
busy, so it cannot service the requested source 
nodes, and accordingly the outage probability 
and SER will be increased. In this paper, first the 
performance of three relay selection schemes, 
MMS, MSS and HS are evaluated by considering 
the effect of other pairs using a uniform traffic 
model. In addition, a novel approach is proposed 
which improves the performance of relay 
selection scheme in both AF and DF relays by 
reducing BER and outage probability.  
 
The rest of this paper is organized as follows. In 
Section 2, system model, relay selection 

schemes, MABC protocol and outage probability 
are presented. The new approach is described in 
Section 3. In Sections 4 and 5, simulation results 
and conclusions are explained.  
 

2. SYSTEM MODEL 
 
We consider a relay network with two users, 
where BPSK modulated data is exchanged 
between them via R intermediate relay nodes. It 
is assumed that all end nodes are transceivers 
equipped with a single antenna. The channels 
between user 1 and relay i and that between 
user 2 and relay i are denoted by fi and gi, 
respectively. Communication channel is modeled 
by a symmetric flat Rayleigh fading channel, 
where the channel gain is a complex Gaussian 
random variable with zero mean and unit 
variance. The relays and users’ transmit power is 
also denoted by P.  
 
For simplicity, we assume that two users have 
the same transmission rate. MABC protocol 
which consists of two time slots is considered for 
communication between users. In the first phase, 
both users transmit information to all relays. In 
the second phase, for AF mode, the selected 
relay amplifies the received signal and transmits 
it to the end nodes, whereas in the DF mode, the 
selected relay decodes the received signal      
and transmits the re-encoded signal to the end 
nodes [8]. 
 

2.1 Relay Selection Schemes  
 
In this paper, three relay selection schemes, 
MMS, MSS and HS are considered. In MMS 
scheme, according to (1), a relay node is chosen 
such that the transmission rate is maximized           
[1,6]. 
 

[ ]22

0 ,minmaxarg rr gfr =             (1)    
 
In MSS scheme, according to (2), the relay node 
is chosen to maximize the instantaneous sum 
rate. This scheme is shown in [6] to be effective 
for low SNRs [6]. 
 

[ ]22

0 maxarg
rr

gfr +=                 (2) 

 
The HS relay selection scheme is a combination 
of MMS and MSS relay selection schemes. 
According to (3), this method uses MMS when            

(
01 2)( Rr >φ ), otherwise it uses MSS [4]. )(1 rφ is 

defined at equation (21). 
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2.2 MABC Protocol  
 
In this protocol, the whole transmission is divided 
into two time slots. During the first phase, both 
source nodes send their data to relay nodes. In 
the second phase, depending on relay mode, AF 
or DF, the selected relay node amplifies or 
decodes information, respectively. Finally, relay 
transmits the data to both destination nodes.  
 
In the first phase, the received signal at the relay 
node is as follows: 
 

iiir vsgPsfPx
i

++= 21
                           (4) 

 
where, vi, the noise at the i

th
 relay, is a complex 

Gaussian random variable with zero mean and 
unit variance. 
 
2.2.1 Amplify and forward (AF) [1,11]  
 
In the second phase, the selected relay node 
amplifies the combined received signals as 
follows: 
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Where wi is noise at user i, when i=1,2. As above 
mentioned, these noises are complex Gaussian 
random variables with zero mean and unit 
variance.  
 
Each user should then extract the data of the 
other source, so each user can cancel self-
interference as follows: 
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After canceling self-interference, by using the 
maximum likelihood (ML) criterion, the desired 
signal is obtained as follows: 
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2.2.2 Decode and forward (DF) [7,9,10,12-14] 
 
Information bit of si belongs to the set {1,0} and 
its modulated symbols will be xi ∈{-1,1}, where xi 
=1-2si. In this relaying scheme, the first time slot 
is quite similar to the AF protocol. If r0 is the 
selected relay node, this relay decodes s=s1⊕s2. 
In other words, in the selected relay, symbol z=1-
2s=x1x2 is decoded using the ML criterion as 
follows: 
 

      (9) 

 
where 
 

      (10) 

 
and  
 

        { })1,1(),1,1(),1,1(),1,1(),( 21 −−−−∈xx     (11) 

 

ẑ is the detected BPSK symbol in the selected 
relay by employing the maximum likelihood 

criterion (9) and 
2

σ  is variance of additive noise 

at relays. 
 
In the second phase, the selected relay node 

sends the symbol ẑ  to users. The received 
signal by two users is equal to equation (12). 
 

iri nzfPy += ˆ
0

                                (12)     

 
Finally, user i obtains the transmitted bit of user j 
as follows: 
 

iij
xzx ˆˆ =                                            (13)        
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2.3 Outage Probability  
 

According to [6], in an AF two-way relay network 
with MABC protocol, the transmission rate region 
is found by using the following equations.  
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According to [6], in a DF two-way relay network with MABC protocol, the transmission rate region is 
found by using the following equations. 
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Where fi and gi are channel coefficients which represent the communication link i→j, C(x) = log2 (1+x) 
and 0 <∆i<1. The MABC protocol has two phases (i=2). We denote ∆i ≥ 0, the relative time duration of 

the i
th 

phase, where 1i =∆∑
i

. For the same transmission rate R0 for both users, we have 
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The outage probability for the block fading channel model can then be calculated as follows: 
 

{ }I 001000 2)()(1 RrRrPout ≥≥Ρ−= φφ                                               (22)   

  
3. THE ROPOSED MODIFICATION 
 
In order to evaluate the SER and outage 
probability for the existing approaches, it has 
been assumed that all relays are free to listen to 
the transmitted signals and the selected relay 
processes the received signal in AF or DF 
modes, and then transmits it. In practical 
systems, all the relay nodes are not free and 
some of them are helping the other nodes 

(transmitter-receiver end points). Hence, the 
effect of occupancy of selected relays should be 
considered. It is clear that the outage probability 
and SER of three above-mentioned relay 
selection schemes, MMS, MSS and HS, will be 
increased, if the selected relay is not free.  
 

Outage probability for AF and DF relays and 
SER for DF relays in practical systems can be 
obtained as equations (23) and (24), respectively   

 

RSoutagebusybusytotoutage PPPP ,, )1( −+=                                                    (23) 
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totoutageP ,
, 

busyP , 
RSoutageP ,

, 
1,errorP , 

2,errorP  and 
RSerrorP ,

 
are total outage probability, probability of 
occupancy, outage probability of  selected relay, 
symbol error probability of user 1, symbol error 
probability of user 2 and symbol error probability 
of selected relay, respectively.    
 
As shown in Fig. 2, in the proposed method, the 
list of the free relay nodes are first updated, and 
then a relay is selected from this list by using one 
of the relay selection schemes. Finally, the 
transmitted information from source nodes will be 
processed by this relay. 
 

4. SIMULATION RESULTS  
 

For simulation purposes, the channels’ gain 
between relay nodes and transceiver pairs are 
considered as complex Gaussian random 
variables with zero mean and unit variance. In 
the next subsections, it will be shown that outage 
probability of AF and DF relay networks does not 

change in MMS and MSS relay selection 
schemes with applying the proposed algorithm, 
but it is improved in HS relay selection. In other 
words, outage probability is reduced. Also, 
symbol error rate of AF and DF relay networks is 
reduced in MMS and HS relay selection schemes 
with applying the proposed algorithm. Symbol 
error rate of AF relay networks does not change 
in MSS relay selection scheme with applying the 
proposed algorithm, but it is reduced in DF relay 
networks. 
 

4.1 Outage Probability 
 

Fig. 3 shows the outage probability in two cases, 
0% and 50% occupancy of AF and DF relays in 
MMS, MSS and HS relay selection schemes. As 
shown in Fig. 3, with a reduction of 50% freedom 
of relays in AF and DF relay networks, MMS, 
MSS and HS relay selection schemes will 
introduce increasing in outage probability 
according to equation (23). 

 
 

 

 
 
 
 

Fig. 2. The flowchart of the proposed algorithm 
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Update the list of free relays 

Are all relays of initial 

set tested? 

 

Do the relay selection scheme 
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Consider it 
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Fig. 3. Outage probability for 50% and 0% occupancy (or equally 50% or 100% freedom) of AF 
and DF relays in MMS, MSS and HS schemes 

 
Fig. 4 is plotted based on 50% occupancy of 
relays in AF and DF relay networks. This figure 
discusses the effect of the proposed algorithm 
and the conventional one on outage probability 
of MMS, MSS and HS relay selection schemes. 
The proposed algorithm does not change the 
outage probability in MMS and MSS relay 
selection schemes, but the proposed algorithm 
reduces the outage probability in AF and DF two-
way networks. It is the same for HS, too. 
 
As shown in Fig. 4, by applying the proposed 
algorithm, outage probability will be reduced in 
high transmission rates. In addition, increasing 
the number of symbols in a fading block will 
further reduce outage probability.  
 
 Figs. 5 and 6 show outage probability for the 
case that 50% of relays in network are free. In 
Figs. 5 and 6, the performance of the proposed 
and the conventional algorithms are plotted for 
different number of relays, transmission rates 
and the number of symbols of fading blocks in 
AF and DF two-way relay networks. As it is 
previously expressed, the proposed algorithm will 
reduce the outage probability for HS relay 
selection scheme. It is obvious that the outage 
probability will be reduced when the number of 
relays increase. Moreover, increasing the 

transmission rate will increase the outage 
probability for medium SNRs. 
 

4.2 Bit Error Rate 
 
In this section, bit error rate is discussed for ideal 
and practical systems. By increasing the 
probability of occupancy of relays in AF and DF 
two-way relay networks at MMS, MSS and HS 
relay selection schemes, bit error rate will be 
increased as shown in Fig. 7.  
 
Fig. 8 shows bit error rate in AF and DF two-way 
relay networks with 50% occupancy of relays, at 
MMS, MSS and HS relay selection schemes for 
the proposed and conventional algorithms. In AF 
two-way relay networks, by applying the 
proposed algorithm in MMS and HS relay 
selection schemes, bit error rate will be reduced, 
whereas it has no impact on the BER of MSS 
relay selection scheme. The proposed algorithm 
for DF two-way relay networks will decrease the 
symbol error rate at MMS, MSS and HS relay 
selection schemes.  
 
In Fig. 9, bit error rate with 50% freedom of 
relays at AF two-way relay networks is shown for 
both cases, the proposed and conventional 
algorithms at different number of relays for MMS 
and HS relay selection schemes. 
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Fig. 4. Outage probability for 50% occupancy of AF and DF relays using the proposed and 
conventional algorithms in MMS, MSS and HS schemes 

 
 

Fig. 5. Outage probability for 50% occupancy of AF two-way relays using the proposed and 
conventional algorithms in different number of relays, transmission rate and number of 

symbols at block fading for HS scheme 
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Fig. 6. Outage probability for 50% occupancy of DF two-way relays using the proposed and 
conventional algorithms in different number of relays, transmission rate and number of 

symbols at block fading for HS scheme 
 

 
 

Fig. 7. Bit error rate for 50% and 0% occupancy of AF and DF two-way relays using MMS, MSS 
and HS schemes 
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Fig. 8. Bit error rate for 50% occupancy of AF and DF two-way relays using the proposed and 
conventional algorithms in MMS, MSS and HS schemes 

 
Increasing the number of relays will introduce 
appropriate selected relay. Therefore, at practical 
systems which consider conventional algorithm, 
increasing the number of relays causes 
decreasing the outage probability. This reduction 
on outage probability is higher when we use the 
proposed algorithm. 

In Fig. 10, bit error rate at DF two-way relay 
networks with 50% freedom of relays is shown 
which use the proposed and conventional 
algorithms at MMS, MSS and HS relay selection 
schemes. 

 
 

Fig. 9. Bit error rate for 50% occupancy of AF two-way relays using the proposed and 
conventional algorithms in different number of relays for MMS and HS schemes 
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Fig. 10. Bit error rate for 50% occupancy of DF two-way relays using the proposed and 
conventional algorithms in different number of relays for MMS, MSS and HS schemes 

 
5. CONCLUSION 
 

In this investigation, by different examples, the 
effect of busy relays on the performance metrics, 
outage probability and BER of both AF and DF 
systems was evaluated. In order to find higher 
performance, a new approach was proposed 
which considers the effect of neighboring nodes 
at AF and DF relay networks. In this modification, 
the free relays will be specified and then a relay 
from this updated list will be selected according 
to one of the relay selection schemes, MMS, 
MSS and HS. According to optimization problem 
for each relay selection scheme, the proposed 
scheme was evaluated and it was shown that the 
proposed scheme can significantly reduce the 
outage probability and BER. It was shown that 
outage probability is reduced for AF and DF two-
way relay network with HS relay selection 
scheme. By applying the proposed method to AF 
relay network, at two relay selection schemes, 
MMS and HS, BER will be reduced. In contrast, 
for MSS relay selection scheme, BER will not be 
changed in AF but will be changed in DF. The 
new proposed method shows an improvement in 
BER of AF and DF relay networks for both MMS 
and HS relay selection schemes. 
 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Jing Y. A relay selection scheme for two-
way amplify-and-forward relay networks.  
International Conference on Wireless 
International Communications and Signal 
Processing. 2009;1-5.  

2. Schad A, Gershman AB, Shahbaz Panahi 
S. Capacity maximization for distributed 
beamforming one-and bi-directional relay 
networks. IEEE International Conference 
on Acoustics, Speech and Signal 
Processing (ICASSP). 2011;2804–2807.  

3. Li D, Xiong K, Zhang Y, Di X, Qiu Z. SER-
minimization relay selection for two-way 
relay channels with physical layer network 
coding. Journal of Theoretical and Applied 
Information Technology. 2013;48:542-549.  

4. Kim SJ, Devroye N, Tarokh V. Bi-
directional half-duplex Relaying Protocols. 
Journal of Communication and Networks. 
2009;1:433-444.  

5. Zaeri-Amirani M, Shahbaz Panahi S, 
Mirfakhraie T, Ozdemir K. Performance 



 
 
 
 

Shirvani Moghaddam and Baramaki Yazdi; JSRR, 4(3): 241-252, 2015; Article no.JSRR.2015.028 
 
 

 
252 

 

tradeoffs in amplify-and-forward 
bidirectional network beamforming. IEEE 
Transactions on Signal Processing. 
2012;60:4196-4209.  

6. Krikidis I. Relay selection for two-way relay 
channels with MABC DF: A diversity 
perspective. IEEE Transactions on 
Vehicular Technology. 2010;59:4620-4628.  

7. Li D, Xiong K, Qiu Z, Du Guanyao. SER-
based relay selection for two-way relaying 
with physical layer network coding. ETRI 
Journal. 2013;35:336-339.  

8. Song L. Relay selection for two-way 
relaying with amplify-and-forward 
protocols. IEEE Transactions on Vehicular 
Technology. 2011;1954–1959.  

9. MinChul J, Il-Min K. Error performance 
analysis of BPSK modulation in physical-
layer network-coded bidirectional relay 
networks. IEEE Transactions on 
Communications. 2010;58:2770–2775.  

10. Li D, Xiong K, Zhang Y, Qiu Z. SER 
analysis of physical layer network coding 
at high SNR over AWGN channels, 4th IET 

International Conference on Wireless, 
Mobile & Multimedia Networks (ICWMMN 
2011). 2011;338–341.  

11. Talwar S, Jing Y, Shahbaz Panah S. Joint 
relay selection and power allocation for 
two-way relay networks. IEEE Signal 
Processing Letters. 2011;18:91-94.  

12. Phu Do T, Wang JS, Lickho Song, Yun 
Hee Kim. Joint relay selection and power 
allocation for two-way relaying with 
physical layer network coding. IEEE 
Communications Letters. 2013;17:301-
304.  

13. Park M, Choi I, Lee I. Exact BER analysis 
of physical layer network coding for two-
way relay channels. 73

rd
 IEEE Vehicular 

Technology Conference. 2011;1–5.  
14. Kim SJ, Devroye N, Mitran P, Tarokh V, 

Achievable rate regions and peformance 
comparison of half duplex bi-directional 
relaying protocols. IEEE Transactions on 
Information Theory. 2011;57(10):6405-
6418. 

_________________________________________________________________________________ 
© 2015 Shirvani Moghaddam and Baramaki Yazdi; This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=712&id=22&aid=6500 
 


