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Abstract

Cooperative communication is a fourth generation novel scheme promising ’
capacity and multiplexing gain in wireless communication. This paper derive ts%@rler
to noise interference ratio (CNIR) and average bit error rate (BER) f@ onal
frequency division multiplexing (OFDM) based amplify and f Ward (A code and
forward (DF) scheme over Nakagami fading channels N al resulig’age provided to
show the significant improvement of DF in OFDM p ratl cogimunication due
to same frequency offset and phase noise.

Keywords: Amplify and forward, Decode forward uency offset, Orthogonal

frequency division multiplexing and Nakag@ ng

1. Introduction

Cooperative communicatio @Sapable kg\!or the high data-rate exposure and
enhanced capability with n anten ay in upcoming wireless communication
scheme and it is likely to be a ke ena nology for efficient spectrum use in fourth
generation (4G). 4G has major b cooperatlve relay scheme and combating the
impairments of the s chan this technology. The proposed schemes can
increase the syste b|||t evmg cooperative relay schemes and also increase
their effective f servic c peratlon

Various @ hemes been proposed to achieve the benefit such as amplify and
forward (A ecode @Ward (DF), coded cooperation (CC) and Hybrid DF-AF
relay scheme [1, 2] antage of cooperative relay scheme is effortlessness and low
cost implementafi @brthogonal frequency division multiplexing (OFDM) is a
multiplexing t% ’me and sensitive to normalized frequency offset and phase noise
which obliterateSsthe orthogonality among subcarriers and cause inter carrier interference
(1ch. Ol%based on single relay cooperative transmission technique promises
signific@p rformance-gains in terms of link reliability, spectral efficiency, system
c nd transmission range. The Nakagami-m fading channel is commonly used to
%‘ he multipath fading radio transmission in urban areas, where the random

ations 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

Source Data OFDM Mod.

¥
OriginalData  [«— OFDMDemod. |¢ Signal Detector 4__}

———— Phasel

s s s P Phase:? \%0 @
Figure 1. Diagram of OFDM based AQ@ Relayi%@heme

A basic OFDM based AF and DF relayin
OFDM based AF & DF relaying technique the“source d e modulated into OFDM
modulation. Then it simultaneously tran informatN ymbols. The outputs are
subsequently sent into two ways in p & and ph . In phase 1, the data transfer
source to destination and source to dire e other hand, in phase 2 data
transfer from relay to destination gF schemeg, y receives the information symbols
and decodes the original meﬁa& en itf ds the message to the destination. In the

AF method, relay receives nformati d then amplifies the signal. Finally, it
transmits the amplified signal. One il& acts as the source while the other mobile
serves as the relay an 0 mobileSumay interchange their roles as source and relay
anytime. In botha( he rel nhances communication between the source and
destination. At t s@c cooperative node has to forward its received signal
i the d

anne estination. In the destination section, the transmitted
ected % gnal detection schemes and the detected signals are

v

5 ’%_, OFDM Based DF or AF

Relaying Protocols

U

schefne is sho n Figure 1. In such

subsequently passed O demodulator and decoded the original data.
3. Theoreti lysis of Single Relay

3.1. Dec nd Forward Relay Scheme

In D@aying scheme, the relay at first decode the received signal then forwards the
r e' signal to the destination. In Phase 1, the source-relay and the source-destination
@ d signals are given by [6]

N -1
yk,sfr = z XI‘sH I,serlfk + Wr
1=0
= Xk,sHk,s—rQ0+ IICI (S*I’)+Wr (1)
N -1
= X, H Q, ., +wl
yk,s—d - Z l.s I,s—d -k d
1=0

= Xk,sH k,s—dQO + IICI (S— d)+ W;l) (2)
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Where, el (s-d)= 3 xI’SHS_d'IQI_k and
I =0, =k
N -1 i . .
el (s—r)= ) X, H, 9 _, ae the inter carrier interference of the source
l=0,1%k B B

to destination (s-d) and the source to relay (s-r). Here x, ,H, , and H are the
transmitted information symbol, channel coefficients of the source to relay and the source

to destination links respectively. The terms w,~CN (0,0 °) and w!” ~CN (0,5 [ ) is the

k,s—d

AWGN at the relay and the destination of phase 1 respectively. o * ando | are the relay

and destination noise variance. € is the normalized frequency offset and is given by AfT. T
is the subcarrier symbol period.

*
Q, is defined as follows ?y

1 27
j[(T)(L+a)n+¢(n)]

O
Lo e 3
R Q Q/ ®
In Phase 2, the received signal at the destination e pressed§v

Vira = NZTX,JH Qe Wéz) V
NI
OV

= Xk,er,r—dQO + 1 (r_ d)+ w

Where el (r-d)= o zl AR QN s the inter carrier inference of
. A xtb

nsmission power, H is the channel

k,r—d
coefficient of the rel

The signals arriv
technique.

estinatwd w'? is the AWGN at the destination of phase 2.
n

e deﬁ@o an be combined by using with or without diversity
rier to noise inerference ratio (CNIR) can be computed as

3.1.1. Con |0n1:\/\®%Diversity

In the conditi @/ithout diversity, the destination receives only the signal from
relay. Using eq&@), CNIR can be written as,

o M 5)

N -1

vy o2 |Ql—k|2
=1

2; the DF method, relay receives the source signal. Then it decodes the original

2
X

2
ks| Per-a| IS the carrier to noise

. 2
message. So, we consider that|x,

Xk,s

2
and
yr—d =

%4

ratio (CNR) from relay to destination. In the statistical properties [7], assuming average
channel gain

ElfH *1=1 and E[|xm|2] = |x[ (6)

2 2
1= €0, [1=€lH,,,

k,s—d
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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
yk‘d _ H k,sfdQO yk,s,d " H k,rfdQD - yk,y,d (7)

w Po (r=d)+o,

PICI (sfd)Jrgaz icl

The effective average CNIR at the output of the OFDM based DF in MRC is given by

2 2
7s—d‘Qo‘ N 7r7d‘Q0‘

N -1 N N -1
RS T BT 3 A
I=1

I=1

7 enr _wo
‘2

2 2

2
X H

are the CNR from source to

k,r-d

ks

2
“s| M k,s—d‘ and _
= Via =

s—d 2 2
oy Ty

and relay to destination. For an OFDM based DF in Nakagami m-QAM , fadi annel,
the probability density function (pdf) of the instantaneous{&e? CNI@

s v Yo {W} %L oo | OQ \\>/ 9)

Where ; - awrage cniR . The bit error ra@BER) of @erent M-QAM with two-
dimensional Gray coding over the AWG(\@neI [9] \

P (7 uoo )DFso.ze[“M”] \% ‘& (10)

The average BER in OFszed DF N@ni—m fading channel can be expressed as
Py (Fuop )or = j:pb (ym@ P, (7o \Q

m

_0.2[ m \\Q Q* (11)
&

Where, ,

7 won Q

. The average BER expression is modified for the OFDM

relaying scheme, the relay receives a signal from source then forwards the
signal to the destination in spite of the source-relay link quality. In Phase 1, the
e-relay and the source-destination received signals are given by

N -1
yk,sfr = Z XI‘sH I,serlfk + Wr

1=0
= Xk,sHk,ser0+ IICI (S_r)+wr (12)

N -1
— 1)
yk,s—d - z XI,SH I,s—dQI—k + Wd
1=0

= Xk,sH k,s—dQO +lg (s—d)+ Wél) (13)
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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

E[|ykvr|2] = |ka5 ’ Q0|2 + P (s—1)+ o-r2 (14)

If the channel gain ‘H k,s_rr is known at the relay, the relay can multiply the received
signal y, . by the gain [2],
_ ! (15)
\/ ’ 2|Q0|2+PICI (s-r)+o’

The relay signal is found after multiplication of gain that is expressed by, ;

K= By, Q Q/ (16)

Xk,s k,s—r

0

The gain g depends on the source-relay channe nt H relay forwards
the signal x, . to the destination, where the recelve al can essed as
&
Q + w((jz) ’\O \

Yr—a = 2 % ML 49y @
e D" ¢\
2 & &
- 2Xk; \ @r"‘k,r<@2 \ (17)
His—r| Rol *Pia (S’Q ¢
. ||c| (s—r) P 3 H &Q\
k,r
e flre [lofs ,Q&
1
N 2
T

2 r-
+|ICI (r—d) A

The signals f\& the destination can be exploited for recognition with or without

2

Xk,s

Xk,s

diversity combi

3.2.1. ition 1:Without Diversity

ndition without diversity combining, only the signal y, ., will be utilized for
@lon at the destination. By (17), the received CNIR in this case can be computed as

Ts=r7 . d‘Qo‘A (18)

TCNR _woD

T+ys r[‘QO + Z‘Q|k ]H'rd‘QO + Z‘Qlk T+7s- rirdIZZ‘QO‘ ‘Qlk +22‘Q|k‘

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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.
Hrs-a%
Yed = 2 Yk,s-d
Pt -9+ 0y (19)
| 1 L
2 "k,sfer,r—d‘QO‘
os| |Mes-r ‘Qo P -r)eey
+ y
3 ) k,r-d
ICl (s-r) 2 1 2
2 Hir-d ‘Qo * 2 Hrd ‘Qo op Py (r-d) vy
Yos| Psor ‘Qo P (s-r)eay “os| Prs-r ‘Qo P (s-r)eoy

The effective CNIR of OFDM AF with diversity combining at the output of the MRC
IS given by
(20)

2
7s-d ‘Qo‘

7eNIR _wp T N_
Y b ‘Qlfk‘

0

2
7s-17r 4 ‘Qo‘

2
]+75_r,vr7d[‘0 ‘Z ‘ka

N-1 2N -1 2
o2 ool z‘Qlk +ZZ‘QIk‘] Q
s Mo are the rém SO@ estination

2 N-1 2 N-1
Lo rerlo| + Z o] 17, g g+ z R

2
H

X,.| |H

2
and

Whereas, ,

and relay to destination. The average BER in based AF\@anml -m fading
channel can be expressed as \\/

Py (Vuoo Ve = j:pb(ymb )% P, (Voo )dYOQ \6
) N
- o_{yWOD VJ &% Q@ (22)

3 2
Where, , - —wop " °" T@age BER expression is modified for the

X

ks k,s-d

2M—1

OFDM based AF m@ersﬂy Nakagami-m fading channel. CNIR is used in eq.

(20) \Q

4. Resul gsc
In this section, SS the simulation results of both without and with diversity
cooperative communication. We focus on the CNIR and average
lysis of both an AF & DF relay schemes. The normalized frequency
offset and oise is set to be 0.05 and 0.025 respectively. The M-ary, subcarrier,
number o% and FFT are taken to be 4, 64, 64 and 64 respectively.

Q)O
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Figure 2. Plots of CNIR (dB) vs. Normallzed quency

The effect of normalized frequency offset is sho F ur also shows a
performance analysis of the cooperative commu yste with\mplementation of
DF and AF relaying protocol under without anc dlversx nigue. The system
provides a quite satisfactory performance 0 = 1B, relay scheme. For a
typically assumed that normalized frequen et : Va O 2, the CNIR values are
approximately -4.808, 0.1268, 1.502 ang f without and with diversity
for AF and DF method. The ma he system is improved in
CNR =1dB WD DF Dby appro ely as compared to the

CNR =1dB WD AF respectlvely 6

—6—AFWOD |-}
——AF WD

o 2 i : : : : .
O 0 2 4 6 8 o 12 14 16 18 20
CNR [dB]

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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Average Bit Error Rate
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Figure 4. Effects of Frequency Offset on Average BER in AF Sc

The effects of frequency offset on average bit error ra
in Figure 4. It is observed that AF relay scheme with
than that of without diversity. Average BER decre itrMncreasi and also for a
particular CNR value, average BER increases @ requ et increases. For
instance, at - = 0.02s AF WD, AF WOD and - 5 AF F WOD in OFDM
based cooperative AF relay scheme value of{a age BE proximately are 0.01584,

0.04233 and 0.01693, 0.04932 when C of 12 e scheme performance is
increased in £ = 0.025 AF WD by appr y 4. @s compared to AF WOD.

| —&—==005, p=0.025 DF WOD |-
| ——¢=0.075, $=0.025 DF WOD |.
—— =005, $=0.025 DF WD

. —6—5-0075¢ UDZSDFWD : : : :
10 i I I i
O 0 2 4 8 B 10 12 14 18 18 20

CNR [dB]

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

igure 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 ¢ = 0.0s DF WD, DF WOD and & = 0.075
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

£ =10.05,¢4=0.025 DF wD 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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