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Abstract – In this paper, a Bayesian inference-based 
relay selection scheme, also called Adaptive Selection 
on Bayesian Inference (AS-BI) for cooperative 
networks in 5G networks is invoked. This scheme 
works on the principle of Amplify-and-Forward (AF) 
protocol which selects the most optimal relay towards 
the destination. This paper proposed a probability-
based relay selection scheme in which posterior 
probability is calculated for the selection of relay node 
based on the prior and conditional probabilities. The 
proposed scheme has been accepted as optimal solution 
for relay selection, which significantly enhances the 
network performance by reducing (BER) for constant 
SNR. 
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1. Introduction

 The 5G communication has embarked to operate 
with very high frequencies. However, the signaling 
range of communication becomes shorter. 
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In order to provide reliable communication, the 
cooperative communication earned a lot of attention 
due to its potential applications which provide 
cooperation between the end nodes. Moreover, due to 
the enormous growth of data-rate applications, it 
witnessed a shortage of spectrum band. In this 
regard, a resource efficient communication has been 
paid attention due to the limited resource and 
environment friendly transmission behaviors. The 
cooperation between the nodes has been invoked to 
utilize the resources efficiently and enhances the 
capacity [1]. 

The cooperative communication demonstrates that 
single antenna in a multi-user state share their 
antennas to make a virtual multiple-antenna 
transmitter which enables them to accomplish 
transmit diversity [2]. In the case of relay-based 
systems, it is very challenging how to use relay nodes 
effectively and how to achieve maximum 
performance of the systems. In this regard, different 
techniques have been studied by the research and 
academia to optimize the network performance. 

Furthermore, the probability-based relay selection 
scheme has been proposed using Bayesian theory to 
calculate the probability of selecting a relay node 
based on the achievable data rate. The achievable 
data rate is quantified as a prior knowledge and 
posterior probability of selecting a relay node, which 
maximize the data rate of the network [3]. Moreover, 
the Multiple---Input Multiple---Output (MIMO) 
techniques have been enabled to improve capacity 
i.e., spectral-efficiency (SE), and power
consumption. However, more circuit energy is 
required due to the doubling-up of transmitter and 
receiver antennas [4]. In [5] [6], regarding to the 
channel state information, the relay selection scheme 
using power control is applied based on the defined 
threshold. Moreover, the authors proposed a scheme 
relay selection–power allocation-particle Swarm Ant 
colony optimization (RS-PA-PSACO) based on the 
PSACO algorithm which may simultaneously obtain 
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the optimal solution of relay selection and power 
allocation to minimize the symbol error rate (SER) 
with a fixed total power constraint [7], [8]. Further, 
in [9] the channel state information (CSI) has 
invoked as some selection criteria with location of 
relays and the distance between them which 
significantly improves the SNR and reduces the 
BER. According to the CSI, the SNR can be 
maximized by adjusting the transmission power of 
the selected relay. This scheme increases the received 
SNR and lower BER as compared to the simple 
average power allocation scheme [10], [11]. The 
Energy Efficiency is widely accepted for cooperative 
networks. In order to increase the energy efficiency, 
an auction-based model is proposed. Hence source 
will send the data with minimum transmission power 
and relay may also have consumed minimum energy, 
which significantly increases energy efficiency of the 
whole network [12]. Moreover, a threshold-based 
relay selection scheme has been proposed also 
known as Optimal-threshold multiple---relay---
selection (OT-MRS). These relays have selected 
where SNR of the maximal ratio combines and direct 
path exceeds a threshold value, this scheme provides 
special diversity and efficient utilization of 
bandwidth [13]. To increase the data rate of the 
source node, an optimal polynomial time algorithm is 
proposed for the relay assignment by which firstly all 
the sources will be assigned relay randomly. 
Similarly, the iteration algorithm identifies the source 
node which has minimum data rate which helps this 
node to find another relay so that its data rate can be 
increased [14]. 

Moreover, another threshold-based relay selection 
scheme is proposed in which reliable appropriate 
relays are determined by comparing source to relay 
SNR with a threshold value, and one of the reliable 
relays is selected by the destination based on relay 
destination SNR. This technique eliminates the 
concept of SNR of source to relay be known at the 
destination and it is replaced by a threshold value and 
the threshold increases logarithmically with the 
increase of SNR of source to relay links and linearly 
with number of relays [15], [16]. To enhance the 
energy efficiency of wireless networks, fixed relay 
nodes can be utilized. A properly arrange fixed relay 
nodes can adequately take care of path loss [17]. 
More precisely, [18], [19], [20] has studied that 
selected relay holds the substantial end-to-end 
relaying path. It achieves optimal performance and 
ensures a full diversity equal to the number of relays. 
Moreover, [21], [22] has studied the cooperative 
diversity performance by selecting the best relay 
according to the average SNR, and outage probability 
selection of relay according to the instantaneous 
SNR. However, relay selection in cooperative 
communication is a major problem. In this regard, 
[23] has proposed an algorithm, such that total 

capacity is maximized among all possible relay 
assignments. Furthermore, [24], [25], [26], has 
discussed both joint relay node selection and power 
allocation with the aim to minimize the total power 
consumption of the network while utilizing 
bandwidth efficiently.  In [27], [28], [29], authors 
presented four types of different relay selection 
schemes such as energy utilization, maximizing 
capacity scheme (MCS), energy prior scheme (EPS), 
mixed energy-capacity-scheme (MECS), and 
weighted ECS (WECS). More, [30] has invoked a 
power allocation scheme for cooperative 
communication with decode-and-forward (DF) 
protocol for source and relays nodes to optimize the 
power consumption, while retain the quality of 
services. Furthermore, [31], [32], [33], [34] has 
studied a dispersed relay selection scheme, where 
one client selects the best end-to-end route among 
numerous relays in view of momentary channel 
estimations.  

After this introduction, in Section 2 we explain the 
system model for the cooperative communication in 
multi-hop cellular network. The Section 3 discusses 
the Bayesian inference, relay selection scheme and 
selection criteria that how relays are selected using 
AS-BI, for the transmission with the help of flow 
chart. Then, the Section 4 explains the simulation 
model and simulation results. Finally, the paper is 
concluded by the future work.  
 
2. System Model 
 

The proposed system model has shown in Figure 1, 
which is based on a source (S) and relays (R). The 
source may be a base station or users with packets, 
waiting for transmission in cellular network whereas, 
the relays are considered as user equipment (UE) at 
both sending and a destination side. 
  

 
 

Figure 1. Cooperative Communication in cellular Network 
 

Furthermore, the model acknowledges 
communication between source and destination 
through the UE and the selection of UE is based on 
their battery power level. 
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Here communication can take place by two paths, 
through direct path and with the help of relay or both. 
When communication take place through direct path 
then received signal 𝑌 → can be given as. 
 

𝑌 → ℎ → 𝑥 𝑁 →                    1  
 

In which ℎ →  is the channel state information 
from source to destination, 𝑥 is the transmitted signal 
while 𝑁 →  is the noise of the channel from source to 
destination. 

When transmission take place with the help of relay 
then transmitted signal received at the destination in 
two stages. 

In stage 1, signal is transmitted form source to the 
relay and received signal at the relay 𝑌 →  can be 
given as. 

 

𝑌 → ℎ → 𝑥 𝑁 →                              2  
 

In whichℎ →  is the channel state information from 
source to destination, 𝑥 is the transmitted signal, and 
𝑁 → is the channel noise from source to relay. 

In stage 2, signal is transmitted from relay to 
destination using AF protocol and signal received at 
the destination𝑌 → will be given as. 

 

𝑌 → 𝛼ℎ → 𝑌 → 𝑁 →                   3  
 

In which ℎ → is the channel state information from 
relay to destination, 𝛼 is the amplification co-
efficient, 𝑌 → is the signal received at the relay, 
and 𝑁 →  is the noise of the channel from relay to 
destination. We calculated SNR for AF protocol 
through relay path (S to R & R to D) and through 
direct path (S to D) which is given by the authors of 
[16]. 

 

𝑆𝑁𝑅 →  & →
ℊ𝛼 𝛼 𝑃

ℊ𝛼 𝑁 𝑁
                       4  

 

while, 
 

𝑆𝑁𝑅 →
𝛼 𝑃

𝑁
                                               5  

 

Where ℊ is the amplification gain, while 𝛼 , 𝛼 , 𝛼  
is channel state information from S to R, R to D, and 
S to D respectively and 𝑁 , 𝑁  are the relay receiver 
and destination receiver noises, respectively. Then 
we calculate CG of the relay path (S to R & R to D) 
and direct path (S to D) which will be given as 

 

𝐶𝐺 →
∈
𝛽

                                                      6  

 

while, 
 

𝐶𝐺 →  & →

∈
𝛽

∈
𝛽

                                     7  

 

In which ∈ , ∈ is the error in number of bits 
transmitted, through direct path and through relay 
path, respectively. While 𝛽 is the total number of 
bits generated from source. Then we calculate 𝐶𝐻𝐺 
of the relay path (S to R & R to D) and direct path (S 
to D) which will be given as 

 

𝐶𝐻𝐺 →  & →
𝑎𝑏𝑠 𝑚𝑖𝑛 𝑚𝑒𝑎𝑛 𝛼 , 𝑚𝑒𝑎𝑛 𝛼        8  

 

while, 
 

𝐶𝐻𝐺 →
𝑎𝑏𝑠 𝑚𝑒𝑎𝑛 𝛼                                                    9  

 
3. Bayesian Inference &Relay Selection Scheme 

 
In this section, the probabilities calculation and the 

proposed scheme of adaptive selection based on 
Bayesian inference are presented. 

 
3.1. Bayesian inference & Probabilities Calculation 
 

Bayesian inference is statistical approach to the 
problem formulation. Bayesian inference derives 
posterior probability of the problem from the two 
already known probabilities which is prior 
probability and conditional probability. Prior 
probability shows the estimate of current evidence 
collected about the problem or it reflects our prior 
knowledge which will be given as P S . While 
conditional probability shows the estimate of 
occurrence of some unknown variable (X) based on 
our observed evidence and will be given 
as P X|S .When both the prior and conditional 
probability are known posterior probability for N 
number of relay nodes can be given as. 

 

P S |X  
P X|S  P S

∑ P X|S  P S                10   

 

Source node will select a relay node with the help 
of above posterior probability. When SNR, CG and 
CHG of direct and relay path are known then prior 
probability of source node S  will be given as: 
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Figure 1. Simulation model for AS-BI Relay Selection 
Scheme 

P S
SNR →

∑ SNR →

                           11  

 

P S
CG →

∑ CG →

                                12  

 

P S
CHG →

∑ CHG →

                           13  

 

Where N  is the number of sources while 
conditional probability of a relay node R  will be 
given as 

 

P R |S  
SNR →  & →

∑ SNR →  & →

           14   

 

P R |S  
CG →  & →

∑ CG →  & →

               15   

 

P R |S  
CHG →  & →

∑ CHG →  & →

         16  

 
Where N  show total number of relays available. 

According to Bayesian rule we can formulate 
posterior probability which will be given as 

 
P S |R

P R |S  P S

∑ P R |S  P S
                        17  

 

P S |R
P R |S  P S

∑ P R |S  P S
                             18   

 
 
 
 
 
 
 

P S |R
P R |S  P S

∑ P R |S  P S
                    19  

 

After calculating posterior probabilities for all 
factors, we calculate mean of posterior probability 
for each factor of same path. Then we will get the 
probability of a source node that relay R  will be 
selected. We will assign a relay node when: 

 

P S |R  𝑃 S |R    forall  m k           20  
 

3.2. Relay Selection Scheme 
 
Bayesian inference derives posterior probability 

upon some prior knowledge. In AS-BI relay selection 
scheme we first calculated the factors upon which we 
derive prior probabilities. We calculated SNR, CHG, 
and CG for the direct and relay path then we derived 
prior probability for each source node P S  
according to equation 11, 12 & 13 and conditional 
probability P X|S  for each relay node according to 
equation 14, 15 & 16. Then at last source node 
calculates the posterior probability of selecting a 
relay node according to equation 17, 18 and 19 and 
then selects a relay which has maximum probability 
value according to rule (20). Fig. 3 shows the flow 
chart for AS-BI scheme. 
 
4. Simulation and Discussions 

 
This section explains the simulation model and 

simulation results of our proposed AS-BI scheme in 
which BER is analyzed against fixed SNR value. 
Analysis is done using AF protocol and Rayleigh 
fading channel over the system model. In the AS-BI 
scheme, the channel conditions are the basis of 
selecting a relay for cooperation, in which the first 
we determined are SNR, CHG, and CG as well. 
 
4.1. Simulation Model 

 
In our simulation model, relay selection scheme is 

used as shown in Figure 2, in which two sources  S1 
and S2 are defined and provided with two relays 
nodes R1& R2, which are considered as a UE. 
Source can communicate with destination using one 
of these relays and through direct path. Two relays 
are examined for simplicity. Both sources have three 
available paths for the transmission, the first is the 
direct path which are S1-D and S2-D while the 
second is the relay path which are S1 R1, S1
R2, S2 R1 and S2 R2. Each source has two 
available relays from which it selects one based on 
posterior probability. On the basis of posterior 
probability, a single relay serves either both sources, 
or a single source. 
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Figure 2. Flow chart of relay selection scheme based on 

AS-BI 
 

According to simulation model, our network 
consists of two sources 𝑆1 and 𝑆2 and two relays 𝑅1 
and 𝑅2. The AF relaying protocol is invoked using 
Raleigh fading channel. The Table 1 show SNR 
between both sources and relays. Table 2 depicts 
cooperative gain for both sources and relays. Table 3 
shows channel gain for both sources and relays. 
Table 4, 5, and 6 show prior probabilities calculated 
for each factor while Table 7, 8 and 9 illustrate 
posterior probabilities for relay selection. 

 
Table 1. SNR for Direct and Relay Path 
 

Sources SNR →  R1 R2
S1 0.0013 0.0004 0.0005 
S2 0.0011 0.0007 0.0008 

 

Table 1. CG for Direct and Relay Path 
 

Sources CG → R1 R2
S1 0.16 0.65 0.56 
S2 0.14 0.44 0.72 

 

Table 2. CHG for Direct and Relay Path 
 

Sources CHG →  R1 R2
S1 0.79 0.0005 0.0001 
S2 0.88 0.0006 0.002 

 

Prior probabilities considering different factor for 
S1 and S2 will be calculated as P S
 0.0013/ 0.0013 0.0011 and P S
 0.0011/ 0.0013 0.0011, so that P S 0.54 
and P S 0.46 and total probability will be 
P S  P S  = 1. Similarly,P S
0.16/ 0.16 0.14and P S 0.14/ 0.16 0.14, 
so that P S 0.53 andP S 0.47. 
AndP S 0.79/ 0.79 0.88 and P S
0.88/ 0.79 0.88, so that P S 0.47 
andP S 0.53. 

 
Table 3. Prior Probabilities of SNR for Direct and Relay 
Path 
 

Sources P S  P R |S  P R |S  
S1 0.54 0.36 0.38 
S2 0.46 0.67 0.62 

 

Table 4. Prior Probabilities of CG for Direct and Relay 
Path 
 

Sources P S  P R |S  P R |S  

S1 0.53 0.6 0.44 
S2 0.47 0.4 0.56 

 

Table 5. Prior Probabilities of CHG for Direct and Relay 
Path 
 

Sources 𝑃 𝑆  𝑃 𝑅 |𝑆  𝑃 𝑅 |𝑆  

S1 0.47 0.45 0.44 
S2 0.53 0.55 0.56 

 
From table IV, V, VI class conditional probability 

of each factor for the relay node will be calculated as 
P R |S  0.0004/ 0.0004 0.0007  and 
P R |S 0.0007/ 0.0004  0.0007 , so that 
P R |S 0.36 and P R |S 0.67. 

Similarly for R , P R |S  0.0005/
0.0005 0.0008 and P R |S 0.0008/
0.0005 0.0008  so that P R |S 0.38 

and P R |S 0.62.  
For CG prior probabilities will be given as 

P R |S  0.65/ 0.65 0.44  and 
P R |S 0.44/ 0.65  0.44 , so that 
P R |S 0.6 andP R |S 0.4.  

Similarly, for R , P R |S  0.56/0.56
0.72 and P R |S  0.72/ 0.56 0.72  so that 
P R |S 0.44andP R |S 0.56.  

For CHG prior probabilities will be given 
as   P R |S 0.0005/ 0.0005 0.0006  and 
P R |S 0.0006/ 0.0005 0.0006 , so that 
P R |S 0.45 andP R |S 0.55.  

Similarly, for R ,P R |S  0.0001/
0.0001 0.002  and P R |S  0.002/
0.0001 0.002 , so that, P R |S

0.44and P R |S 0.56. 
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Table 6. Posterior Probabilities of SNR for Direct and 
Relay Path 
 

Sources P S |R  P S |R  

S1 0.39 0.42 
S2 0.61 0.58 

 

Table 7. Posterior Probabilities of CG for Direct and 
Relay Path 
 

Sources P S |R  P S |R  

S1 0.62 0.47 
S2 0.37 0.53 

 

Table 8. Posterior Probabilities of CHG for Direct and 
Relay Path 
 

Sources P S |R  P S |R  

S1 0. 42 0.41 
S2 0.58 0.6 

 
From table 7, 8, and 9, the posterior probability of 

each factor for the relay node assignment will be 
calculated as P S |R 0.36 0.54 /
 0.36 0.54 0.67 0.46  and P S |R
0.38 0.54 / 0.38 0.54  0.62 0.46 , so 

that P S |R 0.39 and P S |R 0.42.  
Similarly for R , P S |R 0.67 0.46 /
0.67 0.46 0.36 0.54  and P S |R

 0.62 0.46 / 0.62 0.46 0.38 0.54 , so 
that P S |R 0.61 and P S |R 0.58.  

 
For CG posterior probabilities will be given as  

P S |R 0.6 0.53 / 0.6 0.53
0.4 0.47  andP S |R 0.44 0.53 /
0.44 0.53 0.56 0.47 , so that 

P S |R 0.62 andP S |R 0.47.  
Similarly forR , P S |R 0.4 0.47 /
0.4 0.47 0.6 0.53  and P S |R

 0.56 0.47 / 0.56 0.47 0.44 0.53 , so 
that P S |R 0.37 and P S |R 0.53.  

For CHG posterior probabilities will be given as  
P S |R 0.45 0.47 / 0.45 0.47
0.55 0.53  and P S |R 0.44 0.47 /
0.44 0.47 0.56 0.53 , so that 

P S |R 0.42 and P S |R 0.41.  
Similarly for R , P S |R 0.55 0.53 /
0.55 0.53 0.45 0.47  and P S |R

0.56 0.53 / 0.56 0.53 0.44 0.47 , so 
that P S |R 0.58 and P S |R 0.6. 

We calculated the mean of posterior probability for 
each factor of same path and select a relay node 
whose probability is better than the other relay node 
according to 20.In the above example P S |R
𝑃 S |R  and P S |R 𝑃 S |R , so relay R1 is 
assigned to S1 and relay R2 is assigned to S. 

 
 

4.2. Simulation Results 
 

The results of simulation are obtained from the 
model shown in Figure 3 with comparison of BER vs 
SNR analysis. On the other hand, Figure 4 shows 
performance analysis of AS-BI scheme when relay 
R1 is selected for source S1 and relay R2 is selected 
for source S2 based on the posterior probability 
calculated through Bayes’ formula. 

      In our simulation we considered four relay paths 
and two direct paths, such that two relay paths and 
one direct path is available for each source node. 
According to the simulation model direct path is 
between source and destination, while relay path is 
through relayR1 and relay R2. We transmitted 10  
symbol using BPSK modulation. At the destination 
MRC is implemented for the signal, which is 
received using direct path and through the relay 
which is selected. Results of the all the six paths are 
combined to show comparison. 

In Figure 4 using AS-BI selection scheme we see 
reduction in BER of the selected relay R1 for source 
S1  in comparison with the rejected relay R2 for 
source S1 and selected relay R2 for source S2 in 
comparison with the rejected relay R1 for source S2. 
BER of relay path is also better than the direct path. 
Performance analysis shows improvement in 
decision making capability of relays due to which we 
got reduction in BER, and thus more efficient and 
reliable communication is achieved in terms of the 
better relay selection. 

  

The simulation results are drawn in Figure 5 which 
depicts the comparison of BER vs SNR analysis. The 
performance analysis of AS-BI scheme is enhanced 
when relay 𝑅2 is selected for source 𝑆1 and relay 𝑅1 
is selected for source 𝑆2 based on the posterior 
probability calculated through Bayes’ formula. 
 

Figure 3. Performance analysis of AS-BI scheme when R1 
is selected for S1 and R2 is selected for S2 with BER 

reduction 
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Figure 4. Performance analysis of AS-BI scheme when R2 
is selected for S1 and R1 is selected for S2 with BER 

reduction 
 
5. Conclusion 

 
In this paper, the authors concentrated on the 

efficient way of relay assignment based on our 
proposed AS-BI scheme that adaptively select 
available relay nodes for cooperation based on their 
posterior probability. In terms of cooperative 
communication in cellular network relays are the 
user equipment and their selection efficiently, based 
on different channel conditions is the most critical 
thing. So, our aim was to use the relay nodes 
efficiently so that reliability of the network increases 
and thus improving the quality of the received signal 
by reducing error in it. This was done by considering 
three channel conditions SNR, CG, CHG as a prior 
knowledge for calculating the posterior probability 
and then selecting the best available relay towards 
the destination. We have presented the simulation 
results for the AS-BI scheme and given system 
model which shows performance analysis of BER vs 
SNR in terms of reduction in BER for fixed SNR 
thus verifying the proposed idea.  

In the future we will expand this idea by 
considering more factors as a prior knowledge like 
relay power and its distance from the source which 
helps in more fine selection of the relay nodes. 
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