ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering

An 1SO 3297: 2007 Certified Organization

Vol. 3, Special Issue 3, April 2014

International Conference on Signal Processing, Embedded System and Communication
Technologies and their applications for Sustainable and Renewable Energy (ICSECSRE ’14)

Organized by

Department of ECE, Aarupadai Veedu Institute of Technology, Vinayaka Missions University,

Paiyanoor-603 104, Tamil Nadu, India

Performance Analysis of COOPERATIVE
OFDM Systems

Kavita Narayanan , Bilal Shafeek

Asst. Professor( Sr.G), Department of Telecommunications, SRM University, Chennai, India

M.Tech Scholar, Department of Telecommunications, SRM University, Chennai, India

ABSTRACT-Orthogonal frequency division multiplexing
(OFDM) is becoming the chosen modulation technique for
wireless communications. OFDM can provide high data
rate, large spectrum efficiency with sufficient robustness to
radio channel impairments. Cooperative diversity in
wireless communication is a promising technique to
mitigate multi-path fading, which results in a fluctuation in
the amplitude of the received signal. This work combines
the features of both OFDM and cooperative
communication thereby achieving a better system
performance in terms of the bit error rate.
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I. INTRODUCTION

OFDM is a combination of multiplexing and
modulation. The signal is split into independent channels,
modulated and then multiplexed to create an OFDM
signals .The main concept in OFDM is the orthogonality of
the subcarriers. The orthogonality allows simultaneous
transmission on a lot of subcarriers in a tight frequency
space without interference from each other. The attraction
of OFDM is mainly due to how the system handles the
multipath interference at the receiver. Multipath generates
two effects: frequency selective fading and intersymbol
interference (ISI). The "flatness" perceived by a narrow-
band channel overcomes the former, and modulating at a
very low symbol rate, which makes the symbols much
longer than the channel impulse response, diminishes the
latter.

Cooperative communications is a new communication
paradigm which generates independent paths between the
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user and the base station by introducing a relay channel.
The relay channel can be thought of as an auxiliary
channel to the direct channel between the source and
destination. The basic idea behind cooperation is that
several users in a network pool their resources in order to
form a virtual antenna array which creates spatial diversity.
There are mainly two relaying protocols in cooperative
relay networks Amplify-and-Forward (AF) and Decode-
and-Forward (DF).This paper studies the performance of
the amplify and forward in an OFDM system.

11.ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXING

The basic principle of OFDM is to split a high-rate data
stream into a number of lower rate streams that are
transmitted simultaneously over a number of subcarriers.
Because the symbol duration increases for lower rate
parallel subcarriers, the relative amount of dispersion in
time caused by multipath delay spread is decreased.
Intersymbol interference is eliminated almost completely
by introducing a guard time in every OFDM symbol. In the
guard time, the symbol is cyclically extended to avoid
intercarrier interference. In OFDM design, a number of
parameters are up for consideration, such as the number of
subcarriers, guard time, symbol duration, subcarrier
spacing, and modulation type per subcarrier. The choice of
parameters is influenced by system requirements such as
available bandwidth, required bit rate, tolerable delay
spread, and Doppler values. The Fig.1. Shows the OFDM
system model, the series and parallel converter is
considered to realize the concept of parallel data
transmission.
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In a conventional serial data system, the symbols are
transmitted sequentially, with the frequency spectrum of
each data symbol allowed to occupy the entire available
bandwidth. When the data rate is sufficient high, several
adjacent symbols may be completely distorted over
frequency selective fading or multipath delay spread
channel. The spectrum of an individual data element
normally occupies only a small part of available
bandwidth. Because of dividing an entire channel
bandwidth into many narrow sub bands, the frequency
response over each individual sub channel is relatively flat.
A parallel data transmission system offers possibilities for
alleviating this problem encountered with serial systems
and also the resistance to frequency selective fading [8].
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Fig.1.OFDM System Model

The process of mapping the information bits onto the
signal constellation plays a fundamental role in
determining the properties of the modulation. An OFDM
signal consists of a sum of subcarriers that are modulated
by using phase shift keying (PSK) or quadrature amplitude
modulation (QAM).In this paper QAM has been
considered [7].

OFDM-based wireless communication systems append
Cyclic Prefix (CP) to provide robustness against multipath
effects. To eliminate the effect of ISI, the guard interval
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(or cyclic extension) is used in OFDM systems to combat
against multipath fading. To eliminate ICI, the OFDM
symbol is cyclically extended in the guard interval. This
ensures that delayed replicas of the OFDM symbol always
have an integer number of cycles within the FFT interval,
as long as the delay is smaller than the guard interval.

111 COOPERATIVE COMMUNICATION

Cooperative techniques in wireless communication
networks are the means to adopt the diversity, which is
inherent in a wireless medium. The diversity achieved in a
communication system, when such techniques are
implemented, can be in code, frequency, space and time
domains. The goal of cooperative diversity is to increase
the reliability and the quality of service (QoS), coverage
area range, and the data throughputs as well as improve the
spectral efficiency of the wireless networks while
prolonging the life of the nodes or user terminals by
increasing energy efficiency [2].

Relay Channel

Fig.2. Relay Channel

Communication from a single source to a single
destination without the help of any other communicating
terminal is called direct, single-user or point-to-point
communication. User-cooperation is possible whenever
there is at least one additional node willing to aid in
communication. The simplest and oldest form of user-
cooperation is perhaps multi-hopping. The relay channel is
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the three-terminal communication channel shown in Fig.2.
The terminals are labeled the source (S), the relay (R), and
the destination (D). All information originates at S, and
must travel to D. The relay aids in communicating
information from S to D without actually being an
information source or sink.[5]

Relay selection and resource allocation play important
roles in cooperative communication. When the channel
between the source node and the destination node suffers
from severe fading, the direct transmission from the source
node to the destination node will have poor performance.
By using the cooperative relaying scheme, the source node
can find relay nodes which have better channels to the
destination node. Adopting these better relays to forward
the signal to the destination node, the cooperative
communication increases the reliability of the whole
transmission. Selecting the relay nodes closer to the source
node, it can also save battery power, since the source node
does not have to transmit at high power and can use the
relays’ power to perform the transmission instead. The
saving of the power by relay selection in cooperative
communication can contribute in this way to the so called
“green communication” with low power transmission [6].

There are two fundamental ideas based on which the
source and relay nodes can share their resources to achieve
the highest throughput possible for any known coding
scheme. The cooperation strategies based on these
different ideas have come to be known as relay protocols.
The first idea involves decoding of the source transmission
at the relay. The relay then retransmits the decoded signal
after possibly compressing or adding redundancy. This
strategy is known as the decode-and-forward protocol,
named after the fact that the relay can and does decode the
source transmission. The decode-and-forward protocol is
close to optimal when the source-relay channel is
excellent, which practically happens when the source are
relay are physically near each other. The second strategy is
amplify-and-forward protocol where the estimate of the
source transmission is scaled up or down before
retransmission. The amplification factor is dictated by the
relative strengths of the source-relay and source-
destination links.
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IV. AMPLIFY AND FORWARD COOPERATIVE
RELAYING

Amplify-and-Forward (AF) is the simplest way of
cooperating. The source node transmits information not
only to the destination node but also to the cooperation
node at first, then the cooperation node amplifies the
received signal directly and forwards it, the destination
node receives and combines the two signals [1]. Though
the noise is amplified while the cooperation node amplifies
the signal received from the source node, the signal can
still be made better judgments in the destination node
because the two signals has experienced independent
fading. Frequently we use this way when the cooperation
node has a limit computing time and power or a time
delay, the time delay is a result of encoding or decoding of
information. The cooperation node cannot employ the two
cooperative protocols Amplify-and-Forward (AF) and
Decoded-and- Forward (DF) together [3]. In order to make
the power of signal that is transmitted by the cooperation
node equivalent to which was transmitted by the original
node, the cooperation node needs to use an amplification
factor which depends on the simulation environment.
Amplify-and-Forward (AF) assumes that the base station
can obtain the channel state information between users so
as to make the best judgment to the received signal.
Another issue of concern is the signal sampling,
amplification and the retransmission of analog signal.
Amplify-and-Forward (AF) is simple and easy to analyze,
it helps us a lot in depth understanding of cooperative
diversity

V. DECODE AND FORWARD COOPERATIVE
RELAYING

Another way by which the relay can be processed at the
relay node is to decode the received signal, re encode it,
and then retransmit it to the receiver. This kind of relaying
is termed as a fixed decode-and forward (DF) scheme. The
signal decoded at the relay may be incorrect. If the
incorrect signal is forwarded to the destination, the
decoding at the destination is meaningless. DF relaying has
the advantage over AF relaying in reducing the effects of
additive noise at the relay. However, it entails the
possibility of forwarding erroneously detected signals to
the destination, causing error propagation that can
diminish the performance of the system [4]. The main
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intention of DF scheme is to eliminate noise in the
cooperation node to avoid the noise amplification. In this
mode ,the mobile terminal is always trying to decode the
received signals first and then forwards it to the destination
node after encoding, so that the effects of noise which is
generated at the cooperation node is removed. The
cooperation node needs to decode the original information
completely. The basic principle behind coded cooperation
is that the overall rate for coding and transmission shall be
the same. Better diversity is achieved in coded cooperation
by rearranging the coded symbols between the two users
.Cooperation is incorporated at the level of the channel
coding subsystem, which is one of the main distinguishing
features of coded cooperation comparing with the AF
scheme. The relay repeats the bits sent by the source in the
case of Amplify and Forward. However in case of coded
cooperation the relay sends incremental redundancy, which
when combined at the receiver with the codeword sent by
the source, results in a codeword with larger redundancy
[1] Convolution codes have been used in the paper with
rate 1/2 and constraint length 3.

V. COOPERATIVE OFDM

Among the existing air-interface techniques, OFDM is
a promising technique for high-bit-rate wireless
communications. It possesses the advantages of frequency
parallel transmission, high speed communication and
efficient spectrum usage. In the cooperative OFDM
network, relays located between transceiver stations will
receive the information transmitted by source much more
reliably than destination, and in turn it needs to use a
dramatically smaller transmit power to reach the
destination. Relaying can mimic multiple-antenna systems
even when the cooperating terminals can individually only
support a single antenna. With multiple antennas, it is
possible to send multiple copies of the same signal to
improve reliability. This gain in reliability is called
diversity. When transmitted through the multipath channel,
OFDM can help that cooperative communication gain
from multipath diversity. Alternatively, it is also possible
to transmit several parallel data streams thereby increasing
rate. This increase in rate is called as multiplexing gain.
Cooperative OFDM Network obtains the capability in
spatial diversity, and also increase in the transmission rate.
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In this paper, amplify and forward cooperative
diversity technique is applied to OFDM system. The signal
is transmitted through the sender of OFDM system after it
was processed. Not only the receiver receives the signal
but also the cooperation node does, then the cooperation
node will transmit the signal to the destination node. At the
same time, the source node can retransmit the signal or
transmit the new signal, at last the destination node will
combine the two received signals based on some protocols.
Maximal ratio combining has been used at the receiver.
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Fig.3.BER comparison between AF relaying
and coded Cooperative OFDM systems
VI. CONCLUSION

The simulation result in the Fig.3 shows the bit error
rate performance comparison between direct transmission,
OFDM transmission, Amplify and forward relaying, AF-
OFDM system and coded OFDM system. As can be seen
from the result coded OFDM system gives a better
performance over the amplify and forward-OFDM system
as the noise is not getting amplified and the redundancy
term added checks and corrects the error before
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retransmitting the re-encoded message at the relay node.
However the performance of AF and AF-OFDM system
are almost the same as the noise also gets amplified. This
paper is a study on applying Cooperative Diversity to
OFDM system. The result of simulation demonstrates that
the OFDM system has a better performance when the
cooperation node employs coded cooperative scheme. In
the simulation, Rayleigh multi-paths fading channel,
convolution coding maximum ratio combining has been
considered. The simulation results show that the OFDM
system with coded Cooperative relaying has a better
performance over the AF cooperative scheme.
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