
International Journal of Applied Engineering Research 

ISSN 0973-4562 Volume 10, Number 7 (2015) pp. 18141-18152 

© Research India Publications 

http://www.ripublication.com 

Decode and Forward Strategies of Cooperative 

Relaying in Next Generation Wireless 

Communication 
 

Sharon Priyanka.S1
, Dr. P. Vetrivelan2

,  R. Ratheesh3, Dr. M. Jagannath4 
 

1
PG Student, VIT University, Chennai, India 

2,4
AssociatesProfessors, VIT University, Chennai, India 

3
Research Scholar, VIT University, Chennai, India 

E-mail Id’s: 1sharon.priyanka2013@vit.ac.in, 
2vetrivelan.p@vit.ac.in,3ratheesh.rc@gmail.com 4jaganath.m@vit.ac.in 

 

ABSTRACT 

Communication has become more dynamic these days which can be made 

possible only with wireless systems since wired will require more complex 

devices and cabling. However, these wireless technologies have low 

reliability. Thus cooperative communication is used in this paper which is a 

virtual MIMO (Multiple-Input Multiple-Output) system to provide high 

reliability and throughput. This technique increases the reliability of the 

communication with less number of devices. Here, each antenna has one or 

more partners called relay to assist in transmitting the signal. The performance 

comparison of two cooperative protocols i.e. Amplify and Forward (AF) and 

Decode and Forward (DF) is analyzed using MATLAB. It is seen that the DF 

relaying proves to be more advantageous than the AF relaying in terms of both 

throughput and BER.  

Keywords: Cooperative Diversity, MIMO, Decode and Forward, Relay 

Station. 

 

1. INTRODUCTION 

  Wireless Communication has gained much importance these days due to its cost 

efficient infrastructure, ease of implementation, maintenance, etc. compared to wired 
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communication. The major problem with the wireless communication is that it suffers 

from the interference caused by other signals and the effect of the transmitting 

medium. Here the received signal at the receiver won't match with the original signal 

transmitted by the transmitter decreasing the signal quality and reliability, called 

multipath fading. In order to mitigate this cooperative communication is used [1]. 

This technique is based on MIMO (Multiple-Input Multiple-Output) where more than 

one antenna at both transmitter and receiver side is used to transmit the same signal 

on different channels. In practical case, this MIMO is hard to implement completely 

due to the limitation of size, power and hardware complexity of the devices [4]. The 

cooperative communication acts as the virtual MIMO with gain comparable to that of 

MIMO systems. 

  The antennas used in the cooperative communication will have a coordinated 

communication between them which means each antenna will have a helper to assist 

in transmitting the signal with optimization in the quality of the signal [7].  Thus at 

the destination the receiver finds gain diversity. The three basic protocols used for 

cooperative communication are Amplify and Forward (AF) protocol, Decode and 

Forward (DF) protocol and Compress and Forward (CF) protocol. In AF, the relay 

station amplifies the signal from the transmitter and forwards it to the receiver. In DF, 

the relay station overhears the signal from the transmitter and decodes the signal and 

then forwards it to the receiver if there found to be correct decoding. In CF, the relay 

station will compress the signal from the transmitter and then forward it to the 

receiver [2]. In this paper the DF protocol is compared with the other two protocols in 

terms of BER and throughput analysis. Then the effect of the power of the relay 

station is studied in case of using DF protocol. The rest of the paper is organized as 

follows: Section II gives an overview of the cooperative diversity Section III 

describes the Relaying models. Section IV gives the performance evaluation and 

finally Section V gives the conclusion of this work. 

 

2. COOPERATIVE DIVERSITY 

  Cooperative diversity is having multiple copies of the received signal at the receiver 

which differs in space, time or frequency. In spatial diversity multiple antennas and 

receivers are deployed to have multiple paths for the same signal independently.  Here 

relay is used to have multiple paths between the BS (Base Station) and MS (Mobile 

Station) and between RS (Relay Station) and MS[9]. The relay can exploit both 

transmit diversity and receive diversity. Cooperative schemes can be classified into 

following types: 
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Cooperative MIMO Diversity: The MS and RS listen to the BS transmission. Then 

the BS and the RS transmit at the same time to the MS using the same AMC 

(Adaptive Modulation) scheme. The MS uses Maximal Ratio Combining (MRC) 

method to combine the received signals from both BS and RS. Since it uses both 

transmit diversity and receive diversity, this is called MIMO diversity. 

 

 

Figure 1. Cooperative Diversity 

 

Cooperative Transmit Diversity: The MS doesn‟t listen to the BS in the first phase. 

In the second phase, the BS and the MS transmit simultaneously to the MS. But 

different AMC schemes can be used in both the phases.  

Cooperative Receive Diversity: In the first phase, MS and RS receive data from the 

BS. Only RS transmits to the MS in the second phase with the same AMC scheme. 

This one outperforms the Cooperative MIMO Diversity. 

Cooperative Selection Diversity: BS dynamically chooses between conventional 

relaying and direct transmission. Conventional relaying means the RS directly 

receives data from the MS. In the second phase, MS listens to the BS. 

Adaptive Cooperative Diversity: Based on the diversity gain, availability of 

resource, system complexity and delay. One of the above methods is chosen for the 

cooperative communication. 
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3. RELAYING MODELS 

  Relay Station is like a mini base station which is not connected to any backhauls and 

is connected in line of sight with any other relay or base station for assisting the base 

station in transmitting or receiving the signals with high reliability. A model of simple 

Relay is shown in Figure 1. But it cannot both transmit and receive at the same time 

because of the large difference in the powers of antennas. Relay can be advantageous 

in scenarios like fixed communication, in-building coverage, temporary coverage and 

mobile vehicle coverage. Relays are broadly categorized into three main schemes as 

follows: 

Amplify and Forward: This is the simplest form of relaying where the signal from 

the BS is only amplified by the RS and then forwarded to the MS[10]. Figure 2 shows 

the relay model which is designed as follows: 

G1 is the channel gain of source-relay and N1 is its noise. G2 is the channel gain of 

source-destination and N2 is its noise. G3 is the gain of relay-destination and N3 is its 

noise. 

 In the first time slot, the source sends the data X1 to the relay and destination.  

  (1) 

 

   (2)    

 
Figure 2. Relay Model 

 

 

At the relay, it processes the received signal Y2 and sends it as X2 data to the 

destination.  

Y4 = G3*X2+N3          (3) 
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 Thus at the receiver, the received signals will be: 

Y3 = G2*X1+N2        (4) 

     (5) 

 

The destination has to recover the data X1 from Y3 and Y4. The power of the sending 

signal is given by: 

√P1=B√ (P+N1)B=√ (P1/(P+N1))    (6) 

 

Figure 3. System Block Diagram 

 

Decode and Forward: This model is quite complex than the before one. Here, in the 

first time slot, the BS transmits the data signal to the relay station, Y1 after the 

necessary processing to the relay station with half power as given by the following 

equation: 

Y1 = √ (P/2)*G1*S+N1      (7) 
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 This signal will be decoded at the relay during the second slot and will be checked 

for any error in the decoded signal. If there are any errors found, the BS itself will 

transmit the signal directly to the destination, Y2 with half power as given by the 

following equation: 

Y2 = √ (P/2)*G2*S+N2     (8) 

Else if no errors found, then the relay would encode the signal again and retransmit it 

to the destination. In this way, the error in the received signal can be much decreased 

at the receiver.  

Compress and Forward: In this method, the signal that is received from the BS at 

the relay will be compressed  using Wyner-Ziv coding[3] and then forwarded  to the 

destination by which resource usage can be ,minimized. 

 

4. DECODE AND FORWARD RELAYING - PERFORMANCE EVALUATION 

Figure 3 shows the system block diagram of relaying. A single base station is 

considered in a cell which is surrounded by four equally spaced relays. The relay 

stations are kept at a distance of 10km from the base station. The Base station's power 

is taken to be 27.3 dB and the relay station's power is 20.3 dB. The path loss exponent 

is considered as 3.5 and the power of the additive noise is taken as -130 dB. AMC 

method is used here which takes the suitable modulation and coding schemes based 

on the SNR values. The SNR at the mobile station can be calculated by the below 

formula: 

SNR (dB) = Pt(dB)-Pn(dB)-35log(r)      (9) 

 

wherePt(dB) is the power transmitted in dB, Pn(dB) is the noise power in dB and r is 

the distance between the MS and BS. 

Figure 4 shows the comparison of cooperative communication and direct transmission 

in terms of BER. The Error rate seems to be same for direct transmission in both cases 

of theoretical and simulated ones. In case of cooperative communication, the error 

rate of simulated one is slightly deviating from that of theoretical but visibly has 

lower error rate than the direct transmission.  
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Figure 4. BER Comparison 

 

  Then the throughput analysis for different diversity schemes is analyzed over the 

range of distances.  

The throughput without relay is given as ℎ(γBM ) 

 

The throughput of simple relay:  

 

 

thr(γRM )/ R (γBR) + R (γRM)         (10) 

 

The throughput of Tx Diversity DF:  

 

thr(γBR )thr(γhat ) + R (γhat)          (11) 

whereγhat = γBM + γBM 

 

The throughput of Rx Diversity DF: 

 

0.5thr (γBM + γBR + γRM )         (12) 

 

γBM is the SNR from BS to MS. 

γRM is the SNR from RS to MS. 

γBR is the SNR from BS to RS. 
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        Figure 5. Throughput Comparison 

 

Figure 5 shows the throughput of the different protocols. From the graph it is seen that 

the without relay, the throughput is moderate, but as distance increases it is very much 

reduced. When AF and DF are compared, DF higher throughput over the distance 

then the AF. Generally the Transmit Diversity of both Relaying gives better 

throughput than the Receive Diversity. But the Transmit Diversity of the DF protocol 

has the highest throughput of all the techniques considered which is represented by 

the redcolored line in the graph even when the distance between the RN with MS and 

BS is increased. 

Figure 6 shows that the direct transmission has good throughput only to a small potion 

in the area considered. And the throughput decreases as the distance from the BS 

increases. But in case of Relay shown in Figure 7, even when the distance of the user 

from the Base Station is increased, it gives better throughput which is explicitly 

shown by the different color representation in the graphs. 
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.  

Figure 6. Throughput in Direct Transmission 

 

 

Figure 7. Throughput in DF Relay 
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Then both with and without using the relay is compared. Figures 8 and 9 shows that 

area on the cell where the relay transmission proves to be advantageous in terms of 

throughput over the direct transmission with different power levels of the Relay 

Station. 

 

Figure 8.  Relay Station Power at 15.3 dB 

 

 

Figure 9.  Relay Station Power at 18.3 dB 
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5. CONCLUSION 

  Thus the cooperative communication seems to increase the reliability without 

increasing the number of antennas and the complexity by means of cooperative 

relationship between the antennas. It can be seen that the DF protocol performs better 

than the direct transmission and other relaying protocols in case of throughput and 

BER. The area where the DF Relaying proves to be advantageous is also identified. 

The Relay Station power plays an important role in the gain of the cooperative 

communication over direct transmission. Thus the further concern will be upon 

minimizing the power consumed during the process. 
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