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ABSTRACT 
Cooperative diversity could be considered as a modern method in terms of enhancement the reliability of 
communication. Nevertheless, this technology is tackling in practice. Time and frequency synchronization 
of relay nodes in cooperative diversity protocols are considerably prominent. Therefore, recognition of 
such needs is not easy. Despite of resolving the synchronization problems, out of separation in 
transmission time of terminals in Time Division Multiple Access, TDMA, it causes reduction of spectral 
efficiency (Fazeli et al., 2012). In this paper, a new structure for cooperation of terminals , in order to 
remove some existing problems in cooperative communications is proposed. The proposed method is 
based on famous strategy of relay selection. Although, in this scheme, there is only one relay, which 
works with the process of cooperative transmission of data, the major problems of other cooperative 
communications, such as severe time delays, low spectral efficiency and implementing complexities, do 
not exist.  
Despite the advantages of this strategy, there are problems in traditional relay selection of the presence of 
multiple sources in networks that make cooperation more difficult. In the proposed method, this problem 
could be solved by exploiting network coding. In addition, the proposed method compared to the 
traditional relay selection has lower time delays. The simulation results show significant improvement in 
the performance of transmission and energy efficiency.  
 

Keywords: Cooperative Communication, Relay Selection, Network Coding; Symbol Error Rate Selection 
Combining (SERSC) 

 

INTRODUCTION  
Cooperative diversity is a technique to improve the performance of communication in asymmetric 
networks (Lai et al., 2009). It has been established that cooperation in wireless communications can 
significantly improve the link quality by exploiting the spatial diversity of multiple terminals (Sendonaris 
et al., 2003; Sendonaris et al., 2003; Laneman et al., 2004). Cooperative techniques are promising 
candidates for emerging wireless networks (Nam et al., 2008). The fundamental idea of cooperative 
communication is based on the cooperation of a group of distributed single antenna terminals to form a 
virtual multiple antenna system (Uysal, 2009). 
Cooperative communication is remarkable due to its capability to improve the performance of 
communication in asymmetric networks. Nodes are distributed in different locations, whereby they would 
face various path-loss and shadowing effects in wireless networks, hence different channel conditions. In 
asymmetric wireless networks, direct transmission causes high aggregate transmit power and uneven 
power distribution that decreases network lifetime (Lai et al., 2009).  
In wireless networks, cooperative relaying transmission as an efficient technique has been proposed to 
realize spatial diversity. In cooperative relay systems, the relay nodes are used to enhance the diversity 
order by relaying signals between the source node and the destination, since the direct link is unavailable 
(Laneman and Wornell, 2003; Jing and Hassibi, 2006). There are two transmission phases at each stage in 
multiple relay transmissions. In the first phase, the source node broadcasts the information signal to the 
relay nodes and then stops transmission while in the second phase; the relay nodes forward the transmitted 
signal to the destination node through orthogonal channels. In repetition-based cooperative protocol, all 
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relay nodes participate in the relaying transmission (Laneman and Wornell, 2003). For these protocols, the 
relay nodes transmit in orthogonal time slots in the Time Division Multiple Access method, TDMA. This 
is a low complexity approach. However, it leads to low spectral efficiency due to large time delay (Lai et 
al., 2009). The spectral efficiency in TDMA-based protocols depends on the number of relay nodes. So, 
these protocols are not efficient for networks with large numbers of relays at all. To improve the system 
spectral efficiency, simultaneous-based protocols are proposed (Lai et al., 2009; Jing and Hassibi, 2006; 
Venturino et al., 2006; Seddik et al., 2007), in which relay nodes transmit in the same time slot. These 
strategies make a significant improvement of spectral efficiency at the cost of perfect time and frequency 
synchronization of the relay (Jagannathan et al., 2004; Lai et al., 2011). This requirement for 
synchronization is very difficult to be satisfied due to the distributed nature of cooperative communication 
(Li et al., 2009).  
The above review clarifies the necessity of introducing new frameworks for cooperation in asymmetric 
networks with high spectral efficiency without synchronization problems. There is a new strategy that 
eliminates synchronization problems with low transmission delay (Lai and Liu, 2011). However, this 
approach does not improve spectral efficiency at all.  
Available relay selection algorithms, which work on sets of N candidate relays with optimization criteria, 
improve the outage probability or frame error rate (Song et al., 2005; Lin et al., 2005). 
In this work, we assume an asymmetric network that two source nodes transmit their information symbols 
to a common destination by the use of two relay nodes. The TDMA, which is used for transmission is 
capable of overcoming the synchronization problem. In order to overcome the multi-source transmission 
problem, we use network coding (NC) (Fazeli et al., 2012) to solve multi-source problems. The idea is 
based on mapping all the relaying symbols to one symbol by bit level XOR. QAM modulation is used for 
transmission and symbol error rate selection combination (SER-SC) is utilized for detection. 
Relay selection and network coding are two important issues in cooperative communication.  
A. Relay Selection 

In the area of cooperative communications, the relay selection methods could be the subject of tremendous 
research. The studied relay selection algorithms are divided into two categories; opportunistic relay 
selection and multiple relay selection. 
1) Opportunistic Relay Selection: In opportunistic relaying, there is only one relay of a set of relays, 
selected to help the transmitting node, where a variety number of standards are utilized to resolve the 
selection problem. For example, the selected relay in (Bltesas et al., 2006) maximizes the lowest weighted 
channel strengths between the source-relay and relay-destination links. The results show that relays are 
helpful even when they are not active transmitters, as long as they cohere to the opportunist ic cooperative 
behavior and define priority to the best applicable relay. 
2) Multiple Relay Selection: Here, multiple relays are chosen to assist the transmitting node. There are 
different schemes to show how to select the multiple relays. For instance, (Laneman and Wornell, 2003) 
By considering the case in which all relays capable of decoding the source’s transmission would participate 
in the communication utilizing the distributed space-time codes (Maurer and Tarokh, 2001). Other 
algorithms assist the use of a threshold to decide on the number of selected relays (Hasna and Alouini, 
2004). 
B. Network Coding 

While the nodes in the network coding operation are capable of decoding (e.g. DF relays), network coding 
occurs on digital signals (i.e. on bit or symbol level), and is labeled as digital NC. Digital NC avoids 
interference between the sources encoded together. Figure. 1 shows the transmission phases in a digital NC 
system. In the first transmission phase, T1, one source (e.g. O1) transmits its packet, b1. In the second 
phase T2, one other source (e.g. O2) sends its packet b2. In the third phase T3, the network-coding node N 

forwards the network-coded packet (e.g. b1⊕2) in a single slot instead of using two slots to transmit b1and 
b2 separately. Finally, digital NC requires just three transmissions, which are in contradiction with a 
classical relaying system, where four transmissions are required(In the first slot O1transmits b1, in the 
second slot N relays b1, in the third slot O2transmits b2, and in the fourth slot N relaysb2). 
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Figure 1: Transmission phases in a digital network coding system. 

 
Areas of research consist of joint network-channel decoding (Hausl et al, 2005), use of network coding in 
bidirectional relaying systems (Larsson et al, 2005) and exploitation of multi-user diversity by user 
grouping to improve the performance of network coded systems (Manssour et al., 2008). 
The rest of this paper is organized as follows: Section II provides a system model. Simulation results are 
presented in Section II and finally the conclusion is drawn in Section IV.  
System Model 

We consider an asymmetric network consisting of two source nodes denoted by U1, U2 and two relays 
denoted by R1, R2 with decoding and forward strategy. Here, relays are assumed to transmission in a half-
duplex manner. Through relays, information is transmitted from the source node to the destination in a 
TDMA manner. The communication channel between every source node, relay node and destination is 
modeled as narrowband Rayleigh fading with additive white Gaussian noise (AWGN) (Tse and Viswanath, 
2005).  
C. Sending Data 

In the first and the second time slots, source nodes U1, U2 transmit their symbols to destination 
respectively. Due to the dispersing nature of the wireless channel, the information sent by the relay 
terminal is received. The information transmitted by each node is in the form of symbols. In practice, 
source and relay nodes transmit data packages which contain a large number of symbols. We denote 
information of source node Ui with is  which is selected from an equiprobable M-QAM with average 

power 2a  ,
 

2 2[ ]iE s a  .  

The selected relay node for U1, U2 is 
ir , jr  respectively, which is selected according to maximizes the 

minimum mutual information between the source-relay and relay destination channels (Uysal, 2009), i.e., 
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In (1) and (2), , ks rh  is gain of source-relay channel, and 
,kr dh  is gain of relay-destination channel. Source 

nodes transmit own information independently in separate time slots. The Received data in relay node j 
from source node i can be written as  

, , ,i j i j i jU r U r i U ry h s n 
 

, 1, 2i j 
     (3)
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 is the channel coefficient between the source node i and relay node j. 

Also,
,i jU rn  is zero mean AWGN with variance  0. 

 The received data in the destination from source node i=1,2 can be written as 

, , ,i i iU d U d i U dy h s n 
 

1,2i                    (4) 

According to selected relay, we encounter two various cases for relay transmission.  

Case I) if the selected relay to the two terminals, be separate, i.e. 
i jr r , In the third time slot received 

data in destination from relay node i is  

 , , 1 ,
ˆ

i i ir d r d r dy h s n                                             (5) 

And in the fourth time slot, received data in destination from relay node j is  

 , , 2 ,
ˆ

j j jr d r d r dy h s n                                            (6)  

That 
1̂s is first source node’s symbol detected by relay node i and 2ŝ  is second source node’s symbol 

detected by relay node j.  

Case II) If for both source nodes, only one relay node is selected, in other words, 
i jr r , then the relay 

node using network coding, sends symbols as follows 

 1,2 1 2
ˆ ˆ ˆs s s                                              (7) 

where ⊕ denotes bit level XOR between two symbols. The symbol 1,2ŝ  has the same constellation order 

and the average power as source nodes symbols. In this case, the received data in destination is defined as 

 , , 1,2 ,
ˆ

i i ir d r d r dy h s n                                              (8) 

To summarize, the transmission scheme is presented in Table I. If the selected relays are two separate 
terminals, In other words, for the source nodes of U1, U2 the relay nodes r1, r2 (or r2, r1) are selected, 
sending information by relays is done in two separate time slots. But if a single relay node for both 
terminals of the source nodes is selected, for example relay node r1 or r2 for both source nodes, the relay 
node uses network coding and sends a symbol of the XOR bit data symbols, which are obtained by two-
terminal source. Therefore, in this cooperation method, each phase of transmitting is needed four time 
slots in case of selecting separate relay or three time slots in case of selecting one relay for both source 
nodes.  

D.  Detection in Destination 

Maximum likelihood (ML) detector given as (Proakis, 2001),  

ˆ arg min
i

i i i i
s

s y h s                                                         (9)  

In selection combining(SC), The receiver compares the instantaneous probability of different channel 
gains, and chooses the channel with the greatest gain for the detection as follows (Oestges, B. Clerckx, 
2008) 

  1 ,...,
rMAX nh MAX h h                            (10) 

In SER-SC method, destination detects branch signal by minimum instantaneous SER. Criterion of 
selection for SER-SC is defined as 

 arg min
iM

i
i SER                                          (11) 

The i, is branch selection. In (10), SER define as 
2

31
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Depending on sending data in relay nodes, detection of symbols is accomplished in one of two below 
forms  
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Table 1: Transmission Scheme On Defferent Time Slot 

4 3 2 1 Time Slot 

2ŝ  
1̂s  2s  1s  

Case I 

-------- 
1,2ŝ  

2s  
1s  Case II 

 

 
Figure 1: Block diagram of deciding how to select the destination 

 

 
Figure 2: Block diagram of how to detection the symbols in destination 

 

 If relay nodes, send data based on case I, According to (10), destination selects the best symbol of 
source node U1, that specified in (4), (5), and use ML detector to detect the symbol. Similarly, destination 
selects the best symbol of source node U2, that  
specified in (4), (6), and use ML detector to detect the symbol.  

 If relay nodes, send data based on case II, According to (5), (6), (8), destination receives data of source 
nodes U1 and U2. With use of (10), destination selects two better signals and detects by use of ML 
detector. Destination knows about channel condition, If both signals are selected related source nodes (i.e. 
(5), (6)), detection operation is completed. If one of two selected signal, related relay (i.e. (8)), Then, 
assuming proper detection of data, by use of bit level XOR, both the source node symbols is attainable.  
Figure 1 shows block diagram of destination structure for network by two source nodes, two relays and 
one destination. The selection combination and the maximum ratio combining block diagram, shown in 
Figure 2 and Figure 3 respectively.  
In Figure 1  |

.
 |  calculates absolute value of the input order 2. Block MIN selects minimum input data. In 

here Case I and Case II, are phase of transmission relays according  
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Figure 3: Block diagram of The maximum ratio combining detector 

 

                           
Figure 4: Proposed network model structure 

 
Selection channel gain by block MIN, Is determined branch detection. If occurrence each Case, this Case 
is closed and other Case is opened and so branch detection is selected. Branch selection is specified by 

SW i and i=1,…,7. In Fig. 2 block ML is ML detector that shown in Figure 3. Block  does bit XOR 
operation. In here by use of branch selected in Figure 1 by different manners of SWi , keys with same tag 
are closed and other keys are opened, so the symbol detection is done.  
Block diagram of the maximum ratio combining detector according to (9) is shown in Fig.3. according to 
16-QAM modulation that used in this structure, value of M equal 16 that by block Select Smallest symbol 
detection is done.  
Simulation Results 
In order to evaluate the performance of the proposed model, we provide computer simulation results. In 
order to reduce the size and complexity of the calculations here simulated channel conditions between 

source and relays are considered excellent, i.e.   used for these channels is close to zero. These 
simulations involve comparing the symbol error rate performance of the proposed model structure with 
non-cooperative structure and traditional relay selection. In the conventional relay method, detecting done 
with two different ways of combining maximum ratio and combining selection methods. Traditional relay 
selection strategy for two users and two relay mode requires four time slots. The first and second time 
slots, source nodes transmission their data to relays and destination.   
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Figure 5: SER performance of proposed model for 16-QAM in a symmetric network , 1 2, , 1r d r d  
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Figure 6: SER performance of proposed model for 16-QAM in a asymmetric network , 
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In the third and fourth slots, respectively, first and second selected relays transmit their data to the 
destination. It possible the traditional relay selection scheme for multi-mode resource and useful for 
proposed cooperative method but the problems facing the implementation of this method in practice ()[7].  
Figure 5 shows SER performance for a three user group with 16-QAM modulation of source and 

1 2, , 0.8U d U d   and 
1 2, , 1r d r d   . Due to the symmetry in this example, the curves of two source nodes are 

coincidence with each other’s. As can be seen from the performance of the proposed method is 
significantly better than non-cooperative. For example in SNR=15, error probability of proposed method 
less 5 time from error probability in non-cooperative method. Here source node- destination channel is 
better than relay node – destination channel. Increase the distance between the curves of the proposed 
scheme and non-cooperative scheme is in terms of SNR. This increase is caused by the difference in slope 
between the two curves in high SNR. On the other hand, we observe that slope of the proposed approach 
and the traditional relay selection is similar in high SNR. Therefore, the diversity gain of both cooperative 
schemes is equal. In other words, the diversity gain of the proposed method is equal to 2. Carefully at the 
curves, it can be concluded that the proposed method has lower performance than the traditional methods 
of relay selection. The reason for the weaker performance of a process in which occurs bit level XOR. In 
this case, if one of the selection signals by detector, is transmission signal by relay both symbols accurate 
detection of the source, Depend on the correct detection signal is sent from source node to destination.  
Meanwhile for traditional relay selection, if the receiver, to detect the signal transmitted by the relay is 
selected, correct detection of a source node connected to a signal sent from source node to destination will 
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be. Briefly, Dependent on accurate detection of the source symbols to source node- destination channel in 
proposed method, Weake operating performance of the proposed method is compared to traditional 
methods. However, time delay and practical difficulties implementing improved. 
The traditional method of sending data in four time slots is needed. In proposed method for sending some 
symbol according TABLE I., three time slots are needed. This reduces the time data and improves the 
time delay. The comparison between the curves of the proposed relay selection for optimal detection 
method (MRC) and suboptimal detection (SC), Optimal detector shows better performance. However, the 
relative error between the two methods in SNR is fixed and small. This indicates that the SC detector is 
also capable of extracting the full diversity gain and has acceptable performance. The only difference 
between the proposed cooperation schemes with traditional relay selection occurs when only one relay is 
selected for two source nodes. In this case, the correct detection of both source nodes of data related to 
one of the source-destination channels. In Figure 6 Variance channels are selected in such a way that the 
network is asymmetric. Due to the asymmetry, the symbol error probability curves of the first and second 
source does not coincide apart are drawn. In here, the first source channel condition is better than the 
second source channel conditions. The first source of error-detected symbols is less than the second 
source of error-detected symbols. 
Conclusion 

In this paper, we proposed a new oopportunistic network coded relay selection for symmetric and 
asymmetric wireless networks to achieve better communication performance than non-cooperative 
schemes with high performance and non-synchronization problems. The objective was realized by the use 
of a combination of relay selection method and network coding in a wireless network consist of two 
source nodes, two relays and one destination. Through simulation, we have shown that proposed method 
achieves full diversity order. The proposed method with other methods of detection, such as MRC and SC 
detectors method, we have implemented. We compare the proposed method, a new detection method 
using the proposed model has higher error rate than the previous method. This new method using network 
coding and eliminates the problem of multi-source.  
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