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Abstract
In wireless channel multipath propagation and time variations 
results in fading. To mitigate fading, diversity is used. In diversity, 
multiple antennas is used at the transmitter, receiver, or at both 
ends of transmit and receive side are used which is known as 
Multiple input Multiple Output (MIMO). But in some wireless 
networks, due to size of devices multiple antennas at the user 
terminal is difficult. Thus, cooperative communications (Virtual 
MIMO) is implemented with one or several single antenna 
relays to assist the transmission between a source and a 
destination. In this work, we have used multiple decode and 
forward relays and have combined the signals at the destination 
using Maximal Ratio Combining. Even the location of relay plays 
an important part in our work, in which the relay is located 
in the middle of source and destination, as it gives the best 
system performance. We have also considered the relay to be 
located close to the source thus the quality of source-relay link 
is good, and the relay can decode the received information. 
On the other hand, when the relay node is located close to 
the destination, the system performance degrades. Through 
simulation results, it is shown the positive role that the relay 
plays, as it improves significantly the performance of the system 
and leads to lower BER.
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I. Introduction
The wireless channel suffers from fading, meaning that the 
signal attenuation can vary significantly over the course of 
a given transmission. Transmitting independent copies of 
the signal generates diversity and can effectively combat the 
effects of fading. In particular, spatial diversity is generated 
by transmitting signals from different locations, thus allowing 
independently faded versions of the signal at the receiver. 
Cooperative communication generates this diversity.
Cooperative diversity was first proposed in [1,5] and Relaying 
which was first introduced by van der Meulen [2] and further 
comprehensive work was done by Cover and El Gamal [3], has 
the advantage of MIMO without requiring multiple antennas 
at each receiver and transmitter, which reduces the overall 
system cost and the size. Thus for many networks like cellular 
networks, sensor networks this is motivated by the need for 
simple, inexpensive nodes with limited processing power and a 
single antenna. In recent years, cooperative diversity is gaining 
a lot of development, but this effort has been only for the 
3-node: a source node communicating to a destination with 
the help of single relay. In this paper, we have a source which 
communicates to a destination with many relays available to 
help in communication. 
Multihop transmission can lead to significant transmit power 
reduction compared with direct single-hop transmission. 
Multihop transmission can also lead to significant coverage 
extensions. Another advantage of relaying is its ability to 
avoid obstacles and thus combat the fading. In addition to 
coverage enhancement relaying can also be used to enhance 
user capacity and QoS by reducing interference, increasing 

frequency reuse, enabling cooperative diversity and path 
redundancy, reducing call blocking probability by routing traffic 
between cells, etc. Thus in turn it adds flexibility to the design 
of cellular networks. 
Cooperative transmission by relay nodes has the ability to 
improve the overall performance. When a relay or groups of 
relay are physically located between source and destination, 
the relay first decode the transmitted codeword and then 
forwarding the decoded codeword to the destination. This is 
known as Decode and Forward. A wireless transmission typically 
uses digital modulation and the relay has enough computing 
power, so Decode and forward is most often the preferred 
method to process the data in the relay. This signaling has the 
advantage of simplicity and adaptability to channel conditions. 
Alternatively, a relay may simply amplify its received signal and 
forward it. This is known as amplify and forward [4]. This method 
is often used when the relay has only limited computing time/
power available or the time delay, caused by the relay to de- and 
encodes the message, has to be minimized. This amplify and 
forward was proposed and analyzed by Laneman et al. [8]. It has 
been shown that two-user case, this method achieves diversity 
order of two, which is the best possible outcome at high SNR. 
In amplify-and-forward it is assumed that the destination knows 
the channel state information to do optimal decoding, so some 
mechanism of exchanging or estimating this information must 
be incorporated into any implementation. Another potential 
challenge is that sampling, amplifying, and retransmitting 
analog values is technologically nontrivial.
The location of the relay also takes crucial part in the system 
performance. As the relay moves close to source and away 
from the destination, the channel quality of the second hop 
becomes worse. Therefore, the channel quality of the first 
hop is more important for the overall channel quality than the 
second hop.
In this paper we have considered a source which transmits 
the data through multiple no. of relays which are decoded 
and forward. The signals are then combined at the destination 
using Maximal Ratio combining. In this we have also considered 
the distance between the links, i.e source to relay and relay 
to destination.
The rest of the paper is organized as follows. The system under 
consideration and channel model is introduced and various 
other parameters like signal-to noise Ratio, Maximal combining 
ratio are explained in brief in Section II. It is then followed by 
the simulation results which have considered the position of 
the relay and the no. of relays to be the important factors 
for the system performance in section III. Finally, we present 
conclusions in Section IV.

II. System and Channel Model
Fig. 1. shows a schematic of the network with N no. of relays. 
The source S transmits the data to the destination through the 
relay, which listens to this transmission. The channels from 
source to relay as well as from the relay to destination are 
independent Rayleigh fading. Thus, the channel gains from 
source to relay denoted by hs,r1,  hs,r2, ……hs,rN and from relay 
to destination, denoted by gr1,d, gr2,d……grN,d. In this paper, 
thermal noise, path loss and Rayleigh fading are considered. 
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If we consider the channel gains from source to relay, i.e hs,ri, 
then the received symbol can be expressed as

   

       

Here s, r denote the sender respective the relay, xs[n] denote the 
transmitted symbol. Zs,ri[n] denotes the noise, ds,ri denotes the 
pathloss and as,ri denotes fading. Each one of this is explained 
in this section. The noise Zs,ri[n] can be simulated as the sum 
of a real and an imaginary noise 
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Fig. 1: System Model

vector, both gaussian distributed, mutually independent and 
zero mean with variance σn

2.The total noise power will be No = 
2σn

2. The signal-to noise ratio is widely used value to indicate 
the signal quality at the destination which is defined as [9]:

The signal is mainly attenuated by pathloss and fading, both 

included in hs,r = ds,r.as,r. The pathloss is proportional to ( ). 
In a wireless network it occurs quite often that the line-of-sight 
link is blocked. The fading coefficient as,ri can be modelled as a 
zero mean, complex Gaussian random variable with variances 
σs,ri. This means that the angle as,ri is uniformly distributed 
on [0, ) and the magnitude |as,ri| is Rayleigh distributed. 
This Rayleigh distributed magnitude can have a bad effect 
on the signal quality at the receiver. The magnitude and the 
angle of the fading coefficient as,ri of the block is known by 
the receiver. Even a system with a high SNR might experience 
significant errors due to fading. The receiver detects the 
received signal symbol by symbol. The transferred data is 
a random bipolar bit sequence which is either modulated 
with BPSK or QPSK. The Bit Error rate is of main interest 
in the system. For BPSK with single transmission link and 
Rayleigh fading bit error probability can be calculated as: 

Similarly for QPSK bit error rate can be calculated as:

In our work we have considered QPSK modulated signal. Thus 
the theoretical bit error rate for QPSK and Rayleigh fading 
channel for 2-hop with MRC at receiver is expressed as [8]:

   
Where  is the average signal-to-noise ratio. In this paper, 
the broadcast nature of wireless channel can be exploited 
to save energy by transmitting to multiple relay [6-7] nodes 
simultaneously, some or all of the relays decode the signal. 
In this, the relay with the knowledge of the required channel 
state information linearly weight their transmit signals so that 
they add up coherently at the destination.

Here the combining technique used is maximal ratio combining. 
When there is more than one incoming signal, the incoming 
signal has to be combined at the    destination. Maximal ratio 
combining gives the best performance by multiplying each 
input signal with its   corresponding conjugated channel gain. 
This assumes that the channels phase shift and attenuation 
is perfectly known by the receiver.

The position of the relaying also takes an important part in 
the performance of the system. Thus to see the effect of the 
length of the multihop link on the system performance, the 
relay is moved away from the optimum position between the 
sender and the destination. The preferred position of the 
relay is in the middle of the source and destination, when it 
is not possible the relay should be closer to the source than 
to the destination and if the three stations were positioned 
equidistantly and all the channels had the same average signal-
to noise ratio. As described in the above part of this section, the 
attenuation includes pathloss and fading in which the pathloss 

is proportional to the distance between the nodes ( ).The 
mean channel power gains also depend upon the distance 

between the corresponding nodes ( ).

II. Simulation Results and Analysis
In this section, we have simulated for stations (sender, relay 
and destination) having an equal distance from each other and 
therefore the same path loss and average signal-to-noise ratio 
is assumed. With this equidistant arrangement MRC combining 
and decode and forward are used to see their advantages 
and disadvantages. We have also simulated when the relay 
is located close to source and close to destination, to see 
the effect on the performance of the system. We assume 
QPSK modulation with equal transmit power. The channels 
are mutually independent with rayleigh fading that remains 
constant over each source block. Each receiver has perfect CSI 
and employs coherent detection. Thus to summarized various 
parameters are described in the following table.
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Table 1: Various parameters for system model
Parameters Value
No. of bits 210
No. of block 104
Bits/symbol 2
No. of source 1
No. of relays 3
No. of destination 1
Combining technique MRC
Channel Rayleigh

Fig. 2. shows the effect of position of relay. As seen we get the 
best performance when the relay is situated in the middle of 
the sender and the destination, or slightly closer to the sending 
station. The closer the relay comes to the sender, the further 
away is the destination and therefore the worse is the channel 
quality of the second hop. The quality of the first hop is more 
important for the overall channel quality than the second hop. 
Similarly Fig. 3. & Fig. 4. shows the BER performance when 
we increase the no. of decode and forward relay. Finally the 
results are compared in Fig. 5. to see the effect of multiple 
relay and the distance on the system performance. It can be 
seen from the figure that we get gain of almost 2.5dB of SNR 
at BER 10-2 when simulation is performed with three decode 
and forward relays. 

Fig. 2: BER performance with Decode and Forward relay and 
varied distance.

Fig. 3: BER performance with 2 Decode and Forward relay and 
varied distance.

Fig. 4: BER performance with 3 Decode and Forward relay and 
varied distance.

Fig. 5: Best Performance with multiple relays and midway 
distance.

IV. Conclusion and Futurework
The results presented in this paper for rayleigh channel and 
QPSK modulation with a source which transmits the data at 
the destination using multiple decode and forward relays, 
combining this signals at destination using MRC shows that 
their is improvement in system performance when no. of relay 
increases. The effect of the length of the all the links is also 
observed. The best performance is achieved when relay is 
located midway. An interesting future direction is that we can 
also perform this simulation with Nakagami and rician channels 
and observe the changes by comparing them. Here in this 
paper QPSK is used, but in future this can also be performed 
with MPSK.

References
[1] A. Sendonaris, E. Erkip. B.Aazhang, “User cooperation 

diversity-Part I: System description, IEEE Trans. Commun., 
vol. 51, no. 11, pp. 1927-1938, Nov 2003.

[2] E. C. van der Meulen “Three terminals communication 
channels,” Adv.Appl. Prob,vol. 3, pp. 120154, 1971.

[3] A. E. G. T Cover,, “Capacity theorems for the relay channel, 
IEEE Trans. Inf. Theory, vol. IT-25, no. 5, pp. 572584, Sep 
1979.

[4] J. N. Laneman, D. N. C. Tse, G. W. Wornell, “Cooperative 



 InternatIonal Journal of electronIcs & communIcatIon technology 49

IJECT Vol. 2, IssuE 2, JunE 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

diversity in wireless networks: efficient protocols and 
outage behavior,” IEEE Trans. Inf. Theory,vol. 50, no. 12, 
pp. 30623080, Dec 2004.

[5] A. Sendonaris, E. Erkip, B. Aazhang, “User cooperation 
diversity- Part II: Implementation aspects and performance 
analysis,” IEEE Trans. Commun., vol. 51, no. 11, pp. 1939-
1948, Nov 2003.

[6] M. Gastpar, G. Kramer, P. Gupta, “The Multiple-Relay 
Channel: Coding and Antenna-Clustering Capacity,” Proc. 
IEEE Int. Symp. Information Theory (ISIT), pp. 136, July 
2002.

[7] M.O.Hasna, M.S. Alouini, “Performance analysis of two-
hop relayed transmissions over rayleigh fading channels” 
in Proc. IEEE Veh. Technol. Conf., Birmingham, Alabama, 
pp. 1992-1996,2002.

[8]  J. N. Laneman, G. W. Wornell, D. N. C. Tse, “An Efficient 
Protocol for Realizing Cooperative Diversity in Wireless 
Networks,” Proc. IEEE ISIT, Washington, DC, June 2001, 
pp. 294.

[9] J G Proakis, “Digital Communication 4 ed,” MH 2001.

Vasani Ekta received the Bachelor’s 
degree in Electronics & communication 
engineering from Ahmedabad 
Institute of Technology, Gujarat 
University, Ahmedabad in 2009. She is 
currently pursuing Master’s degree in 
communication from Nirma University, 
Ahmedabad. Her research areas are 
cooperative wireless communication 
and wireless communication.

Manisha Upadhyay received the 
Bachelor’s degree in Electronics & 
Communication Engineering and 
Master’s degrees in Communication 
System Design from L.D.College 
of Engineering, Gujarat University, 
Ahmedabad in 1995  and 2004, 
respectively. She is currently working 
toward the Ph.D. degree in the the field 
of wireless communication from Nirma 

University, Ahmedabad. Her research interests are RF circuit 
design, wireless communication and cooperative wireless 
communication.


