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Abstract 

Cooperative communication is a fourth generation novel scheme promising significant 

capacity and multiplexing gain in wireless communication. This paper derives the carrier 

to noise interference ratio (CNIR) and average bit error rate (BER) for orthogonal 

frequency division multiplexing (OFDM) based amplify and forward (AF) and decode and 

forward (DF) scheme over Nakagami fading channels. Numerical results are provided to 

show the significant improvement of DF in OFDM based cooperative communication due 

to same frequency offset and phase noise. 
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frequency division multiplexing and Nakagami fading 

 

1. Introduction 

Cooperative communication is a capable key for the high data-rate exposure and 

enhanced capability with no physical antenna array in upcoming wireless communication 

scheme and it is likely to be a key enabling technology for efficient spectrum use in fourth 

generation (4G). 4G has two major benefits: cooperative relay scheme and combating the 

impairments of the wireless channel in this technology. The proposed schemes can 

increase the system reliability by achieving cooperative relay schemes and also increase 

their effective quality of service via cooperation. 

Various relay schemes have been proposed to achieve the benefit such as amplify and 

forward (AF), decode and forward (DF), coded cooperation (CC) and Hybrid DF-AF 

relay scheme [1, 2]. The advantage of cooperative relay scheme is effortlessness and low 

cost implementation. Orthogonal frequency division multiplexing (OFDM) is a 

multiplexing technique and sensitive to normalized frequency offset and phase noise 

which obliterates the orthogonality among subcarriers and cause inter carrier interference 

(ICI). OFDM based on single relay cooperative transmission technique promises 

significant performance-gains in terms of link reliability, spectral efficiency, system 

capacity and transmission range. The Nakagami-m fading channel is commonly used to 

model the multipath fading radio transmission in urban areas, where the random 

fluctuations of the instant received signal power are very common and fast [3]. The 

benefits of Nakagami-m fading cover a wide range of multipath fading channels by 

varying its fading parameter m. It has greater flexibility in matching some experimental 

data than the Rayleigh, Rician fading [4, 5]. 

In this paper, we present without and with diversity expressions for carrier to noise 

interference ratio (CNIR) of OFDM based DF and AF relaying protocol with single 

number of relays that uses maximum ratio combining (MRC) technique at the destination 

for both cases. The average bit error rate (BER) expression has been derived for the 

proposed system with M-QAM modulation scheme in Nakagami fading channel. In 
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addition, we have also evaluated the effect of frequency offset and phase noise in our 

proposed model.  

 

2. System Model 
 

 
 

Figure 1. Diagram of OFDM based AF and DF Relaying Scheme 

A basic OFDM based AF and DF relaying scheme is shown in Figure 1. In such 

OFDM based AF & DF relaying technique the source data are modulated into OFDM 

modulation. Then it simultaneously transmits information symbols. The outputs are 

subsequently sent into two ways in phase 1 and phase 2. In phase 1, the data transfer 

source to destination and source to relay directly. On the other hand, in phase 2 data 

transfer from relay to destination. In DF scheme, relay receives the information symbols 

and decodes the original message. Then it forwards the message to the destination. In the 

AF method, relay receives the information and then amplifies the signal. Finally, it 

transmits the amplified signal. One mobile acts as the source while the other mobile 

serves as the relay and the two mobiles may interchange their roles as source and relay 

anytime. In both cases, the relay enhances communication between the source and 

destination. At the reception side, each cooperative node has to forward its received signal 

through a wireless channel to the destination. In the destination section, the transmitted 

signals are detected with signal detection schemes and the detected signals are 

subsequently passed OFDM demodulator and decoded the original data. 
 

3. Theoretical Analysis of Single Relay 
 

3.1.  Decode and Forward Relay Scheme 

In DF relaying scheme, the relay at first decode the received signal then forwards the 

received signal to the destination. In Phase 1, the source-relay and the source-destination 

received signals are given by [6] 

rklrsl

N

l

slrsk
wQHxy 







  ,

1

0

,,
 

 
rICIrsksk

wrsIQHx 
 0,,

                                                                                    (1) 

 
)1(

,

1

0

,, dkldsl

N

l

sldsk
wQHxy 







   

)1(

0,,
)(

dICIdsksk
wdsIQHx 


                                                                                 (2)  

Onli
ne

 Vers
ion

 O
nly

. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LL

EGAL.



International Journal of Hybrid Information Technology 

Vol.7, No.4 (2014) 

 

 

Copyright ⓒ 2014 SERSC  323 

Where,   
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In Phase 2, the received signal at the destination can be expressed as 
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The signals arriving at the destination can be combined by using with or without diversity 

technique. The carrier to noise interference ratio (CNIR) can be computed as 

 

3.1.1. Condition 1:Without Diversity 

In the condition of without diversity, the destination receives only the signal from 

relay. Using equation (4), CNIR can be written as, 
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In the DF method, relay receives the source signal. Then it decodes the original 
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3.1.2. Condition 2: With Diversity  

In with diversity combining, the signals received in Phases 1 and 2, i.e., (2) and (4), 

can be optimally combined at the destination with maximum ratio combining (MRC) to 

obtain the output signal is expressed as  
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The effective average CNIR at the output of the OFDM based DF in MRC is given by 
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and relay to destination. For an OFDM based DF in Nakagami m-QAM fading Channel, 

the probability density function (pdf) of the instantaneous channel CNIR is given by [8] 
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Where CNIR average . The bit error rate (BER) of coherent M-QAM with two-

dimensional Gray coding over the AWGN channel [9] 
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The average BER in OFDM based DF Nakagami-m fading channel can be expressed as 
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 . The average BER expression is modified for the OFDM 

based DF with diversity over Nakagami-m fading channel. CNIR is used in eq. (8). 

 

3.2. Amplify and Forward Relay Scheme 

In AF relaying scheme, the relay receives a signal from source then forwards the 

received signal to the destination in spite of the source-relay link quality. In Phase 1, the 

source-relay and the source-destination received signals are given by 
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In phase 2, the signal received by the relay that is attenuated and it is needed to be 

amplified before transmission another time. Assuming that the channel characteristic is 

estimated perfectly, the gain for the amplification can be calculated as follows. The 

desired received signal power is given by 
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The relay signal is found after multiplication of gain that is expressed by, 
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The signals arriving at the destination can be exploited for recognition with or without 

diversity combining.  

 

3.2.1. Condition 1:Without Diversity 

In the condition without diversity combining, only the signal 
drk
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 will be utilized for 

detection at the destination. By (17), the received CNIR in this case can be computed as 
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3.2.2. Condition 2: With Diversity 

In the condition with diversity combining, the signals received in (13) and (17), can be 

optimally combined at the destination employing maximum ratio combining (MRC) to 

obtain the output signal is expressed as,  
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The effective CNIR of OFDM AF with diversity combining at the output of the MRC 

is given by 
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are the CNR from source to destination 

and relay to destination. The average BER in OFDM based AF Nakagami-m fading 

channel can be expressed as 
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 . The average BER expression is modified for the 

OFDM based AF with diversity over Nakagami-m fading channel. CNIR is used in eq. 

(20). 

 

4. Results & Discussion 

In this section, we discuss the simulation results of both without and with diversity 

technique in single relay cooperative communication. We focus on the CNIR and average 

BER performance analysis of both an AF & DF relay schemes. The normalized frequency 

offset and phase noise is set to be 0.05 and 0.025 respectively. The M-ary, subcarrier, 

number of IFFT and FFT are taken to be 4, 64, 64 and 64 respectively. 
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Figure 2. Plots of CNIR (dB) vs. Normalized Frequency Offset 

The effect of normalized frequency offset is shown in Figure 2.  It also shows a 

performance analysis of the cooperative communication system with implementation of 

DF and AF relaying protocol under without and with diversity technique. The system 

provides a quite satisfactory performance of 1dB=CNR  WD DF relay scheme. For a 

typically assumed that normalized frequency offset    value of 0.2, the CNIR values are 

approximately -4.808, 0.1268, 1.502 and 3.137 in the case of without and with diversity 

for AF and DF method. The performance of the system is improved in 

DF  WD1dB=CNR by approximately 3.20 dB as compared to the 

AF  WD1dB=CNR respectively. 

 

 

Figure 3. Average Bit Error Rate vs. CNR 

Figure 3 shows the comparison between OFDM based cooperative DF and AF relay 

scheme for the Nakagami fading parameter, m =1. It is also noticed that the CNR value 

increases, performance has less average bit error rate to all schemes. The values of 

average bit error rate of AF WD, AF WOD, DF WD and DF WOD are approximately 

0.03627, 0.08369, 0.02807 and 0.04923 respectively at CNR=8 dB. 
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Figure 4. Effects of Frequency Offset on Average BER in AF Scheme 

The effects of frequency offset on average bit error rate with different CNR are plotted 

in Figure 4. It is observed that AF relay scheme with diversity has better performance 

than that of without diversity. Average BER decreases with increasing CNR and also for a 

particular CNR value, average BER increases as the frequency offset increases. For 

instance, at 025.0 AF WD, AF WOD and 075.0  AF WD, AF WOD in OFDM 

based cooperative AF relay scheme value of average BER approximately are 0.01584, 

0.04233 and 0.01693, 0.04932 when CNR value of 12 dB. The scheme performance is 

increased in 025.0 AF WD by approximately 4.26 dB as compared to AF WOD. 

 

 

Figure 5. Effects of Frequency Offset on Average BER vs. CNR in DF Scheme 

Figure 5 shows the performance analysis of average BER vs. CNR in DF relay scheme. 

DF with lower frequency offset is better than higher frequency offset. For a typically 

assumed CNR value of 10 dB, the average BER values are approximately 0.02807, 

0.04923, 0.02893 and 0.05055 in the case of 05.0 DF WD, DF WOD and 075.0  

DF WD, DF WOD scheme. It is observable that at very high CNR, the various relay 

schemes performance is comparatively better under deployment of the OFDM based 

cooperative DF relay scheme. However, the best performance is that of the 

WDDF025.0,05.0   relay scheme. 
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5. Conclusions 

The paper presents performance analysis for OFDM based cooperative communication 

without and with diversity technique over Nakagami fading channels. Some analytical 

expression for the CNR, CNIR and average BER of DF and AF scheme are obtained. Our 

numerical results show that the overall performance of the cooperative DF relay scheme 

in presence of frequency offset and phase noise is slightly better in contrast to the 

performance of AF relay scheme. 
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