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Abstract:

Cooperative diversity is a newly proposed virtual MIMO technology based transmission technique
achieving diversity gain through a combination of the relayed signal and the directly transmitted signal.
In this paper, we made a comprehensive study to elucidate the performance of a single-relay cooperative
OFDM system under Amplify-and-Forward (AAF) and Decode-and-Forward (DAF) relaying strategies
on Text message transmission. The bit-interleaved channel encoded  system under investigation
incorporates four conventional signal combining schemes such as Equal Ratio Combining (ERC) and
Fixed Ratio Combining (FRC), Signal to Noise Ratio Combining (SNRC) and Enhanced Signal to Noise
Ratio Combining (ESNRC) under BPSK and QPSK digital modulations. In the present study, results of
BER simulation in AWGN and Raleigh fading channels shows that the AAF relaying protocol supported
cooperative OFDM system outperforms in ERC signal combining scheme as compared to others (FRC,
SNRC and ESNRC) under BPSK digital modulation . It has been anticipated from the simulation study
that the cooperative OFDM communication system provides diversity gain like MIMO system as
compared to single antenna transmission system.
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1. Introduction:

Multiple-Input, Multiple-Output (MIMO) technique constitutes a cost effective approach to
high-throughput wireless communications. MIMOs have been accepted as the key building
blocks of next-generation wireless communication systems and are capable of supporting
significantly higher data rates than the Universal Mobile Telecommunications System (UMTS)
and the High-Speed Downlink Packet Access (HSDPA) based 3G networks A MIMO system
employs multiple transmitter and receiver antennas for delivering parallel data streams. As the
wireless system may not be able to support multiple transmitter antennas due to size, cost and
hardware constraint, a class of techniques known as cooperative communication may be
considered which allow single-antenna mobiles to reap some of the benefits of MIMO systems.
The basic idea is that the users or nodes in a wireless network share their information and

DOI : 10.5121/jjitcs.2011.1502 11



International Journal of Information Technology Convergence and Services (IJITCS) Vol.1, No.5, October 2011

transmit cooperatively as a virtual antenna array, thus providing diversity without the
requirement of additional antennas at each node. Cooperative communications allow users in the
system to cooperate by relaying each others’ messages to the destination and that creates a
virtual MIMO system [1,2].

In this present study, Orthogonal frequency division multiplexing (OFDM) based cooperative
protocol has been implemented. In broadband wireless communications. OFDM is an effective
means to mitigate the intersymbol interference (ISI) and offer high spectral efficiency. OFDM is
used in many communications systems such as wireless local area networks (WLANS), wireless
personal area networks (WPANs) etc. To improve the performance of OFDM systems, the
fundamental concept of cooperative diversity can be applied [3]. In this paper, two relaying
protocols and four signal combining techniques have been used. A brief description is given
below. [3]

2. Mathematical model:
2.1 Amplify and Forward (AAF) Relaying Protocols

In AAF relaying procol, the signal received by the relay is attenuated and it is needed to be
amplified before it is sent up again. In doing so, the noise in the signal is amplified as well, this
is the main drawback of this protocol.

The incoming signal is amplified block wise. Assuming that the channel characteristic is
estimated perfectly, the gain for the amplification can be calculated as follows.

The power of the incoming OFDM signal is given by
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J denotes the energy of the transmitted

Where s denotes the sender, r the relay and f =F hxs

signal. To send the data with the same power as the sender did, the relay has to use a gain f
which can be expressed as:
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This term has to be calculated for every block and therefore the channel characteristic of every
single block needs to be estimated.

2.2. Decode and Forward (DAF) Relaying Protocol

In DAF relaying protocol,the source node transmits its own information both to the
destination node and the relay node at the same time. The relay node decodes it, and forward to
the destination node. The advantage of decode-and-forward is that if the information contains
errors, the error can be corrected in the relay and the error message could not be sent to the
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destination node. The received signal's quality can be greatly improved. However, in the DAF
protocol, as the relay node needs to decode the received signal from source node and forward to
the destination node, it will increase the complexity of relay and cost.

2.3 Signal combining techniques
2.3.1. Equal Ratio Combining (ERC)

In Equal Ratio Combining,the incoming signals are just added up before the symbols are
detected. It is to be noted here that we need to know the information of the phase shift of the
signal occured due to multipath fading. The received signal in ERC is given by
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The parameters y_, [n] and y, , [n] denote the incoming signal from the sender and the relay.

2.3.2. Fixed Ratio Combining (FRC)

In Fixed Ratio Combining, the incoming signals are weighted with a constant ratio. Its
optimal value is approximated by assigning different values in simulation to get an idea on its
properly selected value. The received signal in FRC is given by
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2.3.3. Signal to Noise Ratio Combining (SNRC)

In Signal to Noise Ratio Combining, a much better performance can be achieved when the
current state of different channel is known precisely.. An often used value to characterize the
quality of a link is the SNR which is used to weight the received signals. The received signal in
SNRC is given by

=SNG e MR e

The estimation of the SNR of a multi-hop link using AAF or a direct link can be performed
by sending a known symbol sequence in every block. This sequence is used to estimate the
phase shift as well. If the multi-hop link is using a DAF protocol the receiver can only see the
channel quality of the last hop. It is assumed that the relay sends some additional information
about the quality of the unseen hops to the destination, so the SNR of the multi-hop link can be
estimated. Whatever protocol is used, an additional sequence needs to be sent to estimate the
channel quality. This results in a certain loss of bandwidth [4].

2.3.4 Enhanced Signal to Noise Ratio Combining (ESNRC)

In Enhanced Signal to Noise Ratio Combining, an incoming signal is neglected in case of other
incoming signal have a much better quality. If the channels have more or less the same channel
quality, the incoming signals are rationed equally. We can fix the SNR value of the channel for
which this decision can be made. In this simulation study, a SNR value of 10 dB has been fixed
up. The signal received at the destination can be expressed as
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Vs [n]

Ya [n] =9 Vsa [n]+ Vsrd [n]

Vsrd [n]

Where, SNR,y; and SNR;,4 are the sender to destination channel (direct channel) and the
sender-relay-destination channel (relay channel) SNR values respectively[5]

3. Communication system model

The block diagram of the simulated Cooperative OFDM system is shown in Figure 1. It
consists of three major units such as sender, relay and destination. In sender unit, a text message
is used as input information source. .
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Figure 1: Block diagram of a
Cooperative OFDM wireless Communication System

The input information source in binary bit form is applied to the Y2-rated Convolutional encoder
and interleaved[6]. The convolutionally encoded interleaved bits are modulated digitally by
binary phase shift keying (BPSK)/ Quadrature phase shift keying (QPSK). The symbols are then
fed into OFDM modulator which performs an IFFT on each OFDM block of length 256
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symbols/ sub carriers followed by a parallel to serial conversion A cyclic prefix (CP) of length
Lcp containing a copy of the last Lcp samples of the parallel to serial converted output of the
256-point IFFT is then prepended. The CP is essentially a guard interval which serves to
eliminate interference between OFDM symbols. However, the resulting OFDM symbols of
length 256+ Lcp are lunched from the transmit antenna. At destination, the receiver receives two
signals, one directly transmitted from sender and another one via relay. In relay unit, it receives
transmitted signal from sender, it process the signal under any one of the two relaying protocols
and retransmits. In destination, the two signals are combined using various combining
techniques and the transmitted signal from sender with its increased strength as compared to
noise signal is retrieved. The retrieved signal processed through the different sections of OFDM
demodulator, is demapped, deinterleaved and convolutionally decoded to recover the transmitted
Text message.

4. Results and discussion
The present simulation based study has been made for cooperative OFDM system in
consideration with various parameters presented in Table 1.

Table 1: Summary of the simulated model parameters

No. of bits used for text | 1197

message

Channel Coding I-rated Convolutional Encoder
Modulation BPSK and QPSK

OFDM Block size 256 symbols

Relaying Protocols

Amplify and Forward(AAF) and
Decode and Forward(DAF)

Signal Combining
Scheme

Equal ratio combining(ERC),
Fixed ratio(FRC), Signal to noise
ratio combing(SNRC) and
Enhanced Signal to noise ratio

combing (ESNRC)
CP length 26 symbols
Channel AWGN and Rayleigh
Signal to noise 0 to10 dB
ratio,SNR

In Figure 2, it is quite noticeable that the system outperforms in AAF relaying protocol with
ERC signal combining and BPSK digital modulation schemes as compared to its worst system
performance  in DAF relaying protocol with ERC signal combining and QPSK digital
modulation schemes. For a typically assumed SNR value of 2 dB, the corresponding BERs are
0.00013 and 0.00040 respectively viz. the system performance is improved by 4.88 dB.
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Figure 2: Bit error rate of the Cooperative OFDM system under implementation of DAF
and AAF relaying protocols and ERC signal combining scheme in BPSK and QPSK digital
modulations

In Figure 3, the AAF relaying protocol based cooperative OFDM system again confirms its
suitability for showing enhanced performance under working with ERC and BPSK schemes.
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Figure 3: Bit error rate of the Cooperative OFDM system under implementation of DAF
and AAF relaying protocols and four signal combining schemes with comparison to BPSK
digital modulation based direct transmission

On comparison with direct transmission, the system provides benefits of virtual MIMO
technology through cooperative diversity. As a typically assumed SNR value of 2dB, the system
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performance is enhanced by 10.91 dB (BER values: 0.00013 and 0.00160) relative to direct
transmission. In Figure 4, better system performance is achieved in case of AAF, ERC and
BPSK schemes. In case of direct transmission with QPSK, the system shows worst performance.
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Figure 4: Bit error rate of the Cooperative OFDM system under implementation of DAF
and AAF relaying protocols and four signal combining schemes with comparison to QPSK
digital modulation based direct transmission

In Figure 5, the effect of relative distance between sender, relay and destination on estimated
BERs has been shown. In case of maintaining identical distance between three ports, the system
shows satisfactory performance.
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Figure 5: Effect of varying the distance between Relay and Destination keeping the
distance between the Sender and Destination and the distance between the Sender and
Relay fixed for AAF relaying protocol With ERC and BPSK.

In Figure 6, the transmitted and retrieved text message at different SNR values have been shown.

The retrieved message is contaminated with noise at low SNR values (red marked). At 4dB
SNR, the retrieved message is found to be noise free.
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Recently, cooperative techniques have drawn much attention in industry and
academia for throughput enhancement, coverage extension and spectral
efficiency improvement.

(a)Transmitted Text message

Recently, cooperative _ have - much _in industry and
academia _ enhancement, coverage extension and spectral

efficiency improvem ent.

(b)Retrieved Text message at SNR value of O JdB

Recently, cooperative _ have drawn much attention in industry and
academia for throughput enhancement, coverage extension and spectral
efficiency improvement.
(c) Retrieved Text message at SNR value of 2dB
Recently, cooperative techniques have drawn much attention in industry and
academia for throughput enhancement, coverage extension and spectral

efficiency immprovement.

(d) Retrieved Text message at SNR value of 4dB

Figure 6: Transmitted and Retrieved text messages for the Cooperative OFDM wireless
communication system under implementation of Amplify and Forward Relaying protocol
with Equal Ratio combining and BPSK

5. Conclusions

On the basis of results obtained in the present simulation, it may be concluded that the effect
error of the in channel can be overcome simply using Convolutional encoder and block
interleaver. The Performance of the considered wireless communication system is better in
AAF relaying protocol with ERC scheme than DAF protocol. Specifically, the system shows
better performances with identical distances between Sender, Relay and Destination in both
cases. It is also seen that the Quadrature Phase shift keying based Cooperative OFDM
communication system shows unique performance in proper identification and retrieval of
transmitted text message. Therefore, it is possible to transmit the text message with lower value
of the transmitted power and it can lossless reproduce the transmitted text message at the
receiving ends via possible relay station.
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