
 

 

  

 

 

 

 

 

Abstract— The wireless data communication system demands robust methodologies to combat the effect of fading to 
increase the throughput. The paper proposes a novel selection combining algorithm for multi relay cooperative 
system using decode and forward algorithm. Cooperative communication is one of the promising diversity techniques 
which have attracted the attention of the researchers currently. In the conventional cooperative communication 
system, the data is transmitted through ‘N’ number of relays to the destination. The signals received from all the 
relays are combined to decode the data at the destination.. In Literature, there are various combining schemes such 
as equal gain combining, maximum ratio combining scaled selection combining techniques. In the conventional 
selection combining, only one relay signal is selected based on its channel state information (CSI).  In this, the source 
to relay CSI is not utilized. It has been proved that by utilizing full CSI the error performance could be improved of 
the selection combining algorithm. In the proposed system, instantaneous signal to noise ratio (SNR) is calculated at 
the relay stations and it is used to take the decision whether to decode the signal and forward (DF) the same to 
destination or to be dropped. Only the signals with SNR above the threshold from the received relay signals is 
considered for combining. The performance of the proposed system with maximum ratio combining and scaled 
selection combining has been analyzed. In this system the error performance is improved by using selected relay 
signal, whereas only one relay is used in the conventional selection combining system. 

Index Terms—Decode and forward (DF), M-ary phase-shift keying (MPSK), Rayleigh fading, Threshold 
selection combining, Symbol error probability (SEP). 
 

 I.INTRODUCTION 

Diversity combining technique is one of the efficient methods formulated against Fading in wireless 
Communication. In this cooperative diversity, users in this network will share their antennas or resources to 
provide diversity. Most commonly using diversity technique is spatial diversity which involves multiple 
antennas which be used with enough distance separation between them. So that the receiver can receive multiple 
independently fading signal paths. By focusing on this problem we came across with one alternative which 
involves the distributed space diversity named as Cooperative Communication. At the base station , Spatial 
diversity is obtained by combining the same information bearing signals from the different physically separated 
mobile units[1].Several protocols are proposed in the literature for implementing user co-operation, from  which 
the decode-and-forward (DF) protocol is used in the paper. In the DF protocol, the relays decode and forward 
the source’s data to the destination [2] .The impact of channels state information (CSI) of the source-to-relay 
link, and the relay-to-destination link on various relay selection cooperative schemes has been presented in [3]. 
In [4],an optimum threshold that minimizes the end-to-end bit error probability, has been analyzed for a single-
relay cooperative system. A two-relay distributed switch and stay combining has been proposed with amplify 
and forward and DF protocols and the outage error analysis has been presented in [5].In [6],the error 
performance of a single-relay cooperative diversity system with DF relaying has been studied, and this work 
consider that the relay forwards the source’s data only if the instantaneous signal-to-noise (SNR) is above a 
threshold. In[7],[8], the performance analysis of multi-relay cooperative diversity with DF protocol and without 
threshold relaying has been investigated. The outage performance of selection DF cooperative relay networks 
has been analyzed in [9] for Rayleigh fading and in[10] for Nagakami Fading. In [11],the M-ary PSK error 
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performance of a single-relay cooperative diversity system with selection combining (that does not include the 
effect of the source-to-relay link) has been presented using a new paired error approach. In this paper, 
instantaneous signal to noise ratio (SNR) is calculated at the relay stations and it is used to take the decision 
whether to decode the signal and forward (DF) the same to destination or to be dropped. Only the signal with 
SNR above the threshold from the received relay signals is considered for combining. The performance of the 
proposed system versus Non cooperation signal and scaled selection combining has been analyzed. In this paper, 
we consider a cooperative diversity system which has a source, multiple relays and destination in a flat Rayleigh 
fading environment with statically independent links. The main drawback of the usual instantaneous SNR-based 
selection combining with DF protocol for selection between the source-to-destination and relay-to-destination 
links is that it does not incorporate the effect of the source-to-relay link, that is the interuser link which plays a 
important role in the error performance analysis. To overcome this problem, we present here a deterministic 
scaled factor, which incorporates the effect of source-to-relay fading . We derived the end-to-end symbol error 
probability (SEP) of this scheme for binary PSK (BPSK) in closed-form, we also give a method of optimizing 
the scale factor such that it minimizes the end-to-end SEP.  

II.SYSTEM MODEL 

In this paper, we consider a cooperative diversity system which has a source, multiple relays and a destination in 
a flat Rayleigh fading environment with statically independent links (Fig.1). 

                         Fig.1.Multiple relaying path 

The binary information is modulated by M-ary PSK modulator and broadcasted to destination as well as to the 
relay over flat fading   environment. That is carried out by 2 phases of operation in progress with this diversity 
scheme. In first phase, source will broadcast the BPSK signal to the destination and as well as to the relays in 
the fading environment. The complex baseband signal received at the corresponding destination and at the 
relays. The received signal is demodulated and detected using DF algorithm. Let the information carrying 
complex signal have energy 2Es to the constellation S, which is refers to symbol and it is given by, 

                 Sm=√2𝐸𝐸 Rs exp�𝑗𝑗2𝜋𝜋(𝑚𝑚−1)
M

�, m=1,2,3,…..M                      

Where, j = √−1.  

The complex baseband received signal at the destination and at the relay at the first time slot is represented as, 

𝑟𝑟𝑠𝑠𝑠𝑠 = ℎ𝑠𝑠𝑠𝑠. 𝑆𝑆 + 𝑛𝑛𝑠𝑠𝑠𝑠 

𝑟𝑟𝑠𝑠𝑠𝑠 = ℎ𝑠𝑠𝑠𝑠 . 𝑆𝑆 + 𝑛𝑛𝑠𝑠𝑠𝑠 

 Where hsd and hsr are the random complex fading gains of the source to destination (SD) link and source to 
relay (SR) link. Further, the additive white Gaussian noises of the source to destination and source relay links 
are nsd, nsr respectively. Whereas the fading gains are formed as symmetric Gaussian random variable with zero 
Mean and Variance  Ωsd and Ωsr  respectively. The noises are formed as zero mean complex Gaussian random 
variable with the variance 2No. 
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In second Phase, the relay regenerate the symbol  𝑠𝑠^  and transmit to the destination. The destination receives the 
relay signal as, 

𝑟𝑟𝑟𝑟𝑟𝑟 = ℎ𝑟𝑟𝑟𝑟.  𝑠𝑠^ + 𝑛𝑛𝑟𝑟𝑟𝑟 

where hrd and nrd are fading gains and additive white Gaussian noise of the Relay Destination  link 
respectively. We assume that the destination have knowledge about the channel state information (CSI) of all 
links including relay to destination  and source to destination, Meanwhile relay has the CSI of SR link. 
Now we indicate the instantaneous SNRs of the SD, SR, and the RD links, respectively as 
 
ϒsd = 𝐸𝐸s

𝑁𝑁o
�ℎ𝑠𝑠𝑠𝑠2  � ,ϒsr = 𝐸𝐸s

𝑁𝑁o
�ℎ𝑠𝑠𝑠𝑠2  � ,  ϒrd = 𝐸𝐸s

𝑁𝑁o
�ℎ𝑟𝑟𝑟𝑟2  � 

The corresponding average SNRs are given by,  

ᴦ𝑠𝑠𝑠𝑠 = 𝐸𝐸[ϒ𝑠𝑠𝑠𝑠] = ES  Ω𝑠𝑠𝑠𝑠
NO

  , 

ᴦ𝑠𝑠𝑠𝑠 = 𝐸𝐸[ϒ𝑠𝑠𝑠𝑠] = ES  Ω𝑠𝑠𝑠𝑠
NO

, 

ᴦ𝑟𝑟𝑟𝑟 = 𝐸𝐸[ϒ𝑟𝑟𝑟𝑟] = ES  Ω𝑟𝑟𝑟𝑟
NO

R   . 

Where, ᴦth is known as assigned average SNR threshold value and E [.] is known as expectation operator. The 
destination detects received signal ŠR and finally detected symbol is obtained from the proposed decision rule is, 

Š =

⎩
⎪⎪
⎨

⎪⎪
⎧arg �

max  
𝑠𝑠 ∈ 𝑆𝑆𝑅𝑅𝑅𝑅(S∗hSD∗ ϒSD)�

 

arg �
max  
𝑠𝑠 ∈ 𝑆𝑆𝑅𝑅𝑅𝑅(S∗hSR∗ ϒSR)�

 

arg �
max  
𝑠𝑠 ∈ 𝑆𝑆𝑅𝑅𝑅𝑅(S∗hRD∗ ϒRD)�

 ⎭
⎪⎪
⎬

⎪⎪
⎫

 

 

Š partial to the following conditions, 

�
 𝑖𝑖𝑖𝑖  ϒSD >  ᴦth  ,

𝑖𝑖𝑖𝑖  ϒSD  <  ᴦth   and ϒSR >   ϒRD,
𝑖𝑖𝑖𝑖  ϒSD  <  ᴦth   and ϒSD >   ϒRD.

 

In this system we compared our proposed performance with the conventional schemes. Which articulates 
different combining schemes nurtured together to novel multiple selection combining scheme. 
 
In previous conventional selection combining and threshold selection combining schemes out of N signal 
random signal is took for analysis and decision purpose. But in this proposed combining scheme (Hybrid of 
threshold and selection combining scheme)  we enhanced the performance by use of dual threshold level 
process. At the destination we formulate selection combining scheme for best performance from received 
signal  Š.  

 
 

III.PERFORMANCE ANALYSIS 
 
We represent the instantaneous SNR as, 

ϒ = 𝐸𝐸s
𝑁𝑁o

|ℎ |2,                            

In this section, we use the mathematical probability model for DF relaying proposed in [4] to derive a closed-
form expression for the outage probability of the SC system. 

 The conditional error probability for MPSK is given by, 

𝑃𝑃𝑒𝑒(ϒ) =  1
𝜋𝜋

 ∫ 𝜋𝜋(𝑀𝑀−1)
𝑀𝑀

 exp 
0 �−

ϒsin2 π
M

𝑠𝑠𝑠𝑠𝑠𝑠2∅
�  
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A. SEP for Source-Destination link 

The probability of error in SD link is derived in the form under the condition ϒ𝑆𝑆𝑆𝑆 > ϒ𝑇𝑇ℎ  or  ϒ𝑆𝑆𝑆𝑆 > ϒ𝑅𝑅𝑅𝑅   is 
given by, 
 

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1  = ∫ 1
𝜋𝜋

 ∫ 𝑒𝑒𝑒𝑒𝑒𝑒 �−
ϒsin2 π

M
𝑠𝑠𝑠𝑠𝑠𝑠2∅

�
𝜋𝜋(𝑀𝑀−1)

𝑀𝑀
0

∞
ᴦ𝑡𝑡ℎ

×                        � 1
ᴦ𝑆𝑆𝑆𝑆
� 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑥𝑥

 ᴦ𝑆𝑆𝑆𝑆
� 𝑑𝑑𝑑𝑑𝑑𝑑∅  

 

Simplify error probability equation by applying integral over x, 

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1 = 
1

𝜋𝜋ᴦ𝑆𝑆𝑆𝑆
 ∫ 1

�
sin2 π

M
𝑠𝑠𝑠𝑠𝑠𝑠2∅

+ 1
 ᴦ𝑆𝑆𝑆𝑆

�
×                           𝑒𝑒𝑥𝑥𝑥𝑥�−�

sin2 π
M

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑆𝑆𝑆𝑆
��

𝜋𝜋(𝑀𝑀−1)
𝑀𝑀

0 ᴦ𝑡𝑡ℎ𝑑𝑑∅  

Probability of error in source to destination link ϒ𝑆𝑆𝑆𝑆 > ϒ𝑅𝑅𝑅𝑅 is obtained by applying integral over x  and further 
substitution we get total symbol error probability of  S-D link is given as, 

𝑷𝑷𝒆𝒆𝒆𝒆𝒆𝒆 =
𝟏𝟏
ᴦ𝑺𝑺𝑺𝑺 

𝝆𝝆𝟐𝟐(ᴦ𝑺𝑺𝑺𝑺,∅𝟎𝟎)  − 𝝆𝝆𝟏𝟏�ᴦ𝑺𝑺𝑺𝑺,∅𝟎𝟎, ᴦ𝒕𝒕𝒕𝒕� − 

              𝝆𝝆𝟒𝟒(ᴦ𝑺𝑺𝑺𝑺,ᴦ𝑹𝑹𝑹𝑹,∅𝟎𝟎)  + 𝝆𝝆𝟑𝟑(ᴦ𝑺𝑺𝑺𝑺,ᴦ𝑹𝑹𝑹𝑹,∅𝟎𝟎,ᴦ𝒕𝒕𝒕𝒕)    

 

B. SEP for Source-Relay-Destination Link 

The probability of error in R-D (Relay-Destination) link, under the condition of  
ϒ𝑠𝑠𝑠𝑠 < ϒ𝑟𝑟𝑟𝑟 is given by , 

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒  =  ∫ ∫ ∫ 𝑝𝑝𝑒𝑒 (𝑦𝑦, 𝑧𝑧) 1
ᴦ𝑆𝑆𝑆𝑆

 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑥𝑥
ᴦ𝑆𝑆𝑆𝑆
�∞

0 ×                       � 1
ᴦ𝑅𝑅𝑅𝑅
� 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑦𝑦

ᴦ𝑅𝑅𝑅𝑅
� 1

ᴦ𝑆𝑆𝑆𝑆
𝑒𝑒𝑒𝑒𝑝𝑝 �− 𝑧𝑧

ᴦ𝑆𝑆𝑆𝑆
� 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ᴦ𝑡𝑡ℎ

0
∞
𝑧𝑧   

Lets define 𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1,𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒2,𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒3                                

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1  = � 1
ᴦ𝑆𝑆𝑆𝑆
� 𝜌𝜌2(ᴦ𝑆𝑆𝑆𝑆 ,∅0)∫ (1 (𝑦𝑦)) ×                   � 1

ᴦ𝑅𝑅𝑅𝑅
� 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑦𝑦

ᴦ𝑅𝑅𝑅𝑅
� 𝑑𝑑𝑑𝑑∞

𝑥𝑥   

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒2 = � 𝑃𝑃𝑒𝑒 (𝑦𝑦)
1

ᴦ𝑆𝑆𝑆𝑆
𝑒𝑒𝑒𝑒𝑒𝑒 �−

𝑧𝑧
ᴦ𝑆𝑆𝑆𝑆

� 𝑑𝑑𝑑𝑑
∞

0
  

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒3 = �𝑃𝑃𝑙𝑙,𝑘𝑘 (𝑦𝑦)� 𝑃𝑃𝑘𝑘,𝑙𝑙 (𝑧𝑧)
1

ᴦ𝑆𝑆𝑆𝑆
𝑒𝑒𝑒𝑒𝑒𝑒 �−

𝑧𝑧
ᴦ𝑆𝑆𝑆𝑆

� 𝑑𝑑𝑑𝑑
∞

0
 

𝑃𝑃𝑙𝑙,𝑘𝑘(𝑧𝑧) is probability of error in S-R link when Sk is transmitted in S-R link and it is detected as Sl  at the relay 
node. 𝑃𝑃𝑘𝑘.𝑙𝑙(𝑦𝑦) is probability of error in R-D link when Sl is transmitted from relay to destination and it is detected 
as Sk at the destination node. 
 
By solving above equations we get, 
 

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1 =  �1 − 𝑃𝑃𝑒𝑒(𝑦𝑦)� 1
𝜋𝜋 ∫ ∫ 1

ᴦ𝑆𝑆𝑆𝑆
×                   𝑒𝑒𝑒𝑒𝑒𝑒 �−�

sin2 πM
𝑠𝑠𝑠𝑠𝑠𝑠2∅

+ 1
 ᴦ𝑆𝑆𝑆𝑆

�� 𝑧𝑧𝑧𝑧zd∅∞
0

𝜋𝜋(𝑀𝑀−1)
𝑀𝑀

0                                                      

Now applying integral over y in as, 
By Substituting 𝑝𝑝𝑒𝑒(𝑦𝑦)we get, 
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𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒1   = � 1
ᴦ𝑆𝑆𝑆𝑆
� 𝜌𝜌2(ᴦ𝑆𝑆𝑆𝑆 ,∅0) × � 1

ᴦ𝑅𝑅𝑅𝑅
� ×           𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑥𝑥

ᴦ𝑅𝑅𝑅𝑅
�  ∫ 1

�
sin2 πM
𝑠𝑠𝑠𝑠𝑠𝑠2∅

+ 1
 ᴦ𝑅𝑅𝑅𝑅

�

𝜋𝜋(𝑀𝑀−1)
𝑀𝑀

0  𝑒𝑒𝑒𝑒𝑒𝑒 �−�
sin2 πM
𝑠𝑠𝑠𝑠𝑠𝑠2∅

+

                                              1
 ᴦ𝑅𝑅𝑅𝑅

��𝑥𝑥𝑥𝑥∅       

 
By applying integral over x and by further substitution, we get total symbol error probability of R-D link is 
given as 
 
𝑷𝑷𝒆𝒆𝒆𝒆𝒆𝒆 = ∑ 𝟏𝟏

𝟒𝟒𝟒𝟒ᴦ𝑺𝑺𝑺𝑺ᴦ𝑺𝑺𝑺𝑺
[𝝆𝝆𝟐𝟐(ᴦ𝑺𝑺𝑺𝑺,∅𝟏𝟏) −              𝝆𝝆𝟐𝟐(ᴦ𝑺𝑺𝑺𝑺,∅𝟐𝟐)] × (𝑷𝑷𝑷𝑷𝑴𝑴

𝒍𝒍=𝟏𝟏,𝒍𝒍≠𝒌𝒌 − 𝑷𝑷𝑷𝑷)  

Where, P1 and P2 is given as, 

𝑃𝑃1 = ∫ 1

�sin
2 ∅4

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
�

𝜋𝜋−∅3
0

1

�sin
2 ∅3

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
+ 1

 ᴦ𝑆𝑆𝑆𝑆
�

×         �1 − 𝑒𝑒𝑒𝑒𝑒𝑒 �−�sin
2 ∅3

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
+ 1

 ᴦ𝑆𝑆𝑆𝑆
�� ᴦ𝑡𝑡ℎ� 𝑑𝑑∅  

𝑃𝑃2 = ∫ 1

�sin
2 ∅4

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
�

𝜋𝜋−∅4
0

1

�sin
2 ∅4

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
+ 1

 ᴦ𝑆𝑆𝑆𝑆
�

×         �
1

−𝑒𝑒𝑒𝑒𝑒𝑒�−�sin
2 ∅4

𝑠𝑠𝑠𝑠𝑠𝑠2∅
+ 1

 ᴦ𝑅𝑅𝑅𝑅
+ 1

 ᴦ𝑆𝑆𝑆𝑆
�� ᴦ𝑡𝑡ℎ

�𝑑𝑑∅  

 

IV.NUMERICAL RESULTS 

In this section, we discuss about the error analysis using DF relaying protocol and Symbol error probability 
(SEP) measure is carried out . Plots are done for received signal SEP  with varying average SNR  the decision 
rule. Fig.2, shows that the results for Non cooperation, conventional Scaled selection combining and Threshold 
switching selection combining for multiple threshold combining schemes with the outage probability error 
measure  for various instantaneous SNR values of BPSK. 
 
In this evaluated result we use switched threshold decision rule for error performance analysis, which proved as 
better combining scheme for multiple relay with the better error reduction. 
 
Fig 2, shows that the BER performance of proposed scheme is improved to the conventional selection 
combining. Schemes, In this proposed scheme, we fixed a threshold value at each relay station and at the 
destination station. Based upon the instantaneous SNR we took proper decision to forward the desired signal for 
proper filtering and combining at receiver node. The above plot shows that the multiple thresholds combining 
scheme provides better error performance than existing schemes with achieved gain of 15dB over other schemes 
from non-cooperative schemes. 
 

 
 
 
Fig 2. BER performance for BPSK Signalling for 
multiple threshold scheme for multiple relays 
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CONCLUSION 
 

In this paper, we proposed the threshold switching technique which incorporates the effect of source to relay 
link to reduce the probability of error. The end to end symbol error probability is derived for M-PSK signalling 
with DF relaying in flat Rayleigh fading. We have proved that the BER of proposed scheme is reduced than 
conventional non-cooperation and scaled selection combining schemes for multiple relays with multiple 
threshold combining scheme. 
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