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1Abstract— Bidirectional relay network consists of two sources and a relay, where each node has a 
single antenna and operates in half duplex mode.  The PLNC based OFDM system transmits numerous 
high data streams through narrow band flat fading subchannels to achieve high spectral efficiency over 
wide band channels.  However in practice, I/Q imbalance is introduced at the radio frequency sections of 
the nodes affects the orthogonality among the subcarriers. In this paper, the bidirectional relay network 
is modelled with I/Q imbalance and the outage performance of Orthogonal Frequency Division 
Multiplexing (OFDM) based bidirectional relay network which employs physical layer network coding 
(PLNC) is analyzed in the presence of  In-phase and Quadrature (I/Q) imbalance at both the time slots.   

Index Terms- Bidirectional relay network, Physical layer network coding (PLNC), Orthogonal Frequency 
Division Multiplexing (OFDM), I/Q Imbalance, outage probability.  

I. INTRODUCTION 

Wireless relay assisted networks have received renewed significant attention recently after the pioneering 
work of [1].  In one way relay network (OWRN), the data transmission is unidirectional in which a source node 
sends the information to the relay and then the relay sends it to the destination [2].  Unlike OWRN, in two way 
relay network (TWRN), two source nodes exchange their information through a relay node and thereby 
doubling the data rate.  The bidirectional transmission model, first explored by Shannon, is one of the popular 
types of modern communications where two source nodes simultaneously send information to each other [3]. 
Many of the TWRNs are analyzed only in the flat fading environments [4]. But, most practical wireless 
communication systems experience the scattered and delayed propagation paths which are modeled as frequency 
selective fading channels.  One of the methods to overcome the system with frequency selective fading is the 
Orthogonal Frequency Division Multiplexing (OFDM).  It is capable of converting the frequency selective 
fading channel into orthogonal flat–fading sub channels [5]. However, OFDM system performance is affected in 
the presence of I/Q Imbalance.  Several papers have addressed the issue of I/Q imbalance in OFDM systems [6-
8].  The effect of I/Q Imbalance on point to point OFDM systems and the resulting performance degradation are 
investigated in [9].  The impact of I/Q Imbalance on OFDM receivers is studied and system level algorithms to 
compensate for the distortions are proposed in [10].  

Network coding as proposed firstly in [11] is a potential and powerful tool in designing communication 
networks.  Network coding has the capability of combining and extracting information’s through simple Galois 
field additions and multiplications. However, it cannot resolve the interference of simultaneously arriving 
electromagnetic signals at the receiver. Hence, in Physical Layer Network Coding (PLNC) the interfering 
signals are mapped to Galois field additions of two digital bit streams, so that the interference becomes the part 
of arithmetic operations in network coding. The optimal mapping functions at the relay nodes that could 
minimize the transmission Bit Error Rate (BER) were proposed in [12]. In this paper, the effect of I/Q 
Imbalance on the OFDM based bidirectional relay network with PLNC is analyzed in terms of outage 
probability.  

The rest of the paper is organized as follows.  The system model of OFDM based bidirectional relay network 
in the presence of I/Q Imbalance is presented in Section 2.  The outage performance of the network is analyzed 
in section 3.  The simulation results are discussed in Section 4.  Finally the concluding remarks are presented in 
Section 5.   
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II. SYSTEM MODEL 

Consider a generalized bidirectional relay network consisting of two nodes 21 , SS  and a relay node R , 
shown in Figure 1.  Each node in the network is assumed to have a single antenna and operates in a half duplex 
mode. During time slot I, both the nodes 1S and 2S  transmit OFDM signals with N  information 
symbols ( ) 2,1,10,~ =−≤≤ mNkkxm , ( ){ }1~ ±∈kxm , where N  is the number of subcarriers in one OFDM 

symbol. Let ( ) ( ) ( ),njxnxnx Q
m

I
mm +=  ,10 −≤≤ Nn  2,1=m  be the time domain samples at the output of 

Inverse Discrete Fourier Transform (IDFT) block of OFDM transmitter. ( )nxI
m  and ( )nxQ

m  represent the in-phase 
and quadrature parts of ( )nxm .  Let 1g  be the 11 ×L  vector of the quasi static frequency selective fading channel 
between 1S and R , 2g  be the  12 ×L  vector of the quasi static frequency selective fading channel between 2S  
and R  respectively. A cyclic prefix (CP) of length CPL   is appended to the time domain transmitted samples to 
avoid inter-symbol interference (ISI). The CP length CPL  satisfies the condition that { }1,1max 21 −−≥ LLLCP . 

 
 
 
 
  
     

 
 
 

Fig 1. System Model 

2.1      I/Q Imbalance at Time slot – I  

2.1.1   Signal Transmission from Source Nodes: 

A detailed block diagram with I/Q imbalance at source nodes in time slot-I is shown in Figure 2.  The OFDM 
samples are passed through a Digital-to-Analog Converter (DAC) and a pulse-shaping filter.  Let ( )thm  be the 

impulse response of the pulse shaping filter at thm  source node.   The continuous time outputs of the pulse 
shaping filters at in-phase and quadrature branches are represented as,  

( ) ( ) ( )
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where T is the symbol duration.  The imbalance filter shown in Figure 2 represents the mismatch between I/Q 
branches.  Generally there exists two types of I and Q mismatches, namely frequency dependent (FD) and 
frequency independent (FI) I/Q imbalances.  The frequency dependent I/Q imbalance exists prior to the 
upconversion due to analog components and D/A or A/D converters.  Frequency independent I/Q imbalance is 
due to the amplitude and phase mismatches in quadrature upconversion. 

 
 

2S

Time slot I  

[ ]k1x

1S

[ ]k3x

R

[ ]k2x

Time slot II  

Fig 2.  Signal Transmission from the Source nodes 
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Let ( )tI
mε  and ( )tQ

mε  denote the impulse response of the FD imbalance filters at I and Q branches of thm  source 
node.  The imbalance filter outputs at respective branches are represented as  

( ) ( ) ( ) 2,1=∗= mttptu I
m

I
m

I
m ε                  (2)  

( ) ( ) ( ) 2,1=∗= mttptu Q
m

Q
m

Q
m ε                (3) 

where, ( )∗  represents convolution operation.  The signal components are then upconverted using quadrature 

tones in the mixer.  Ideally, the quadrature tones have equal amplitude and phase differences of 090 .  However, 
in practice, there exists amplitude and phase difference.  It causes FI I/Q imbalance. Let Q

m
I
m aa ,  and Q

m
I
m θθ ,  be 

the amplitude and phase mismatches at the thm  source node.  In the presence of I/Q imbalance, the pass band 
signal at the output of the thm  source node is given by 

( ) ( ) ( ) ( ) ( )Q
mc

Q
m

Q
m

I
mc

I
m

I
m

p
m tfatutfatuts θπθπ +−+= 2sin2cos           (4) 

Rearranging the terms, Equation (2) is expressed as 

( ) ( ) ( ) ( ) ( )tftstftsts c
p
mc

p
m

p
m

QI ππ 2sin2cos −=                           (5) 

where ( ) ( ) ( )( )Q
m

Q
m

Q
m

I
m

I
m

I
m

p
m atuatuts I θθ sincos −=  and 

( ) ( ) ( )( )Q
m

Q
m

Q
m

I
m

I
m

I
m

p
m atuatuts Q θθ cossin += . The baseband equivalent of ( )ts p

m  is given by 

( ) ( ) ( )
( ) ( )( )

( ) ( )( )Q
m
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m

Q
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m

I
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                (6)   

The I and Q components of ( )tum can be written as ( ) ( ) ( )
2

tutu
tu mmI

m
′+=  , ( ) ( ) ( )

j

tutu
tu mmQ

m 2
′−= .  where, ( )'  

represents complex conjugation.  Using these definitions, Equation (6) is simplified as, 

( ) ( ) ( )tututs mmmm
b
m ′+= νμ                        (7) 

where 
2

Q
m

I
m jQ

m
jI

m
m

eaea θθ
μ +

=  and 
2

Q
m

I
m jQ

m
jI

m
m

eaea
v

θθ −
=   

Using Equations (2) and (3), Equation (7) is rewritten as,  

( ) ( ) ( ) ( ) ( )tpttptts mmmm
b
m ′∗+∗= φλ                        (8) 

where, 

( ) ( ) ( ) ( ) ( )( )
( ) ( ) ( ) ( ) ( )( )tvtvt
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Q
mmm

I
mmmm

Q
mmm

I
mmmm
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1

                          (9)     

2.1.2   Signal reception at Relay Node 

The relay node introduces a I/Q imbalance. The received signal at the relay node with I/Q imbalance during 
time slot-I is shown in Figure 3.    Let ( )tg p

1  and ( )tg p
2  be the channel impulse responses of 1S  to R  and 2S  to 

R  respectively. The received signal at the relay is given by,  

( ) ( ) ( ){ } ( ) ( ){ } ( )twtstgtstgty p
r

ppppp
r +∗+∗= 2211               (10) 

where ( )twp
r  is the AWGN with double sided power spectral density 2σ .  The baseband equivalent of ( )ty p

r  is 
given by,  

( ) ( ) ( ){ } ( ) ( ){ } ( )twtstgtstgty r
bb

r +∗+∗= 2211                       (11) 

where ( )tg1  and ( )tg2 are the baseband equivalent of ( )tg p
1  and ( )tg p

2 .  Let Q
r

I
r aa ,  and Q

r
I
r θθ ,  be the 

amplitude and phase mismatches at the relay node. Further, let  
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Let ( )tI
rr

ε  and ( )tQ
rr

ε  be the FD I/Q Imbalance at the relay receiver. 

 
Figure 3.  Receive signal at relay node with I/Q imbalance 

The baseband equivalent output at the imbalance filter is given by, 

( ) ( ) ( )
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Let  ( ) ( ) ( ) ( ) ( )1
2r r r r r r r

QI
r r r r r r rt v t v tλ μ ε μ ε ′ ′= + + −     and   ( ) ( ) ( ) ( ) ( )[ ]tvtvt Q

rrr
I
rrrr rrrrrrr

εμεμφ ′−++′=
2
1 .   

Then, (12) can be simplified as 
( ) ( ) ( ) ( ) ( ) ( ) ( )tythttythttz rrrrrrr rrrr

′∗∗+∗∗= φλ                     (13) 

Using eqn. (6) and (9), eqn. (13) is written as  

( ) ( ) ( ) ( ) ( ){ } ( ) ( )
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Upon rearranging (14), it can be written as  
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where T represents OFDM symbol duration, CPT is the duration of the cyclic prefix.  The output of the 
imbalance filter ( )tzr  is sampled and the cyclic prefix is removed.  Assuming ( ) ( ){ } 2,1, =∗ mthth rm  satisfies 
Nyquist criterion for pulse shaping, the discrete time samples after removing the cyclic prefix can be represented 
as  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
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            (16) 
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 Let the sampled version of ( )tmλ  be  ( ) ( ) ( )[ ] 2,1,1,.....0 1 =−= −× mL
TT

LNmm
mm λλλλ 0λm  be a 1×N  vector, 

where, 
m

Lλ is the number of non zero elements in mλ .  Similarly, the vectors 121r21r p,g,g,φ,φ,φ,λ  and 2p  

are 1×N  vector representation of samples from ( ) ( ) ( ) ( ) ( ) ( ) ( )tptgtgtttt rr 12121 ,,,,,, φφφλ  and ( )tp2  respectively.   

Moreover, 1Λ , 2Λ , rΛ , 1Φ , 2Φ , rΦ , 1G  and 2G  be the NN ×  circulant matrices with first columns as 

1r21r21 g,φ,φ,φ,λ,λ,λ  and 2g  respectively.  The matrix representation of (16) after removing the cyclic 
prefix is represented as  

( ) ( )
2 2

1 1
m r

m m= =

′ ′′ ′′ ′= + + + + + H H H H
r r m m r m m m r m m r m m r r rz Λ G Λ Φ G Φ p Λ G Φ Φ G Λ p Λ w Φ w     (17) 

where, rΛ ′′  is a ( )[ ]CPLNN +×  matrix and rw  is a ( ) 1×+ CPLN  noise vector. 

After taking DFT, the frequency domain representation of (17) is given by, 

( ) ( )
2 2

# # # #

1 1m m= =

′′ ′′= + + + + +  # #
r r m m r m m m r m m r m m m r r r rz Λ G Λ Φ G Φ p Λ G Φ Φ G Λ p Λ w Φ w                    (18) 

where, the frequency domain parameters, ,~,~,~,~
121 GΛΛΛ r  rΦΦΦG

~,~,~,~
212  are the diagonal matrices defined as  

,~
11

HFFΛΛ = ,~
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HFFΛΛ = ,FFΛΛ H
rr =~

,FFGG H
11 =~

,~ H
22 FFGG = ,~

11
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22
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HFFΦΦ rr =~  with F  as a NN ×  DFT matrix.  Moreover,   ,~ Fzz =  mm Fpp =~ , ,~ #
1

#
1

HFFΛΛ = ,~ #
2

#
2

HFFΛΛ =  

,FFΛΛ H##~
rr = ,FFGG H#

1
#
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~ = ,~ #
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#
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HFFGG = ,~ #
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#
1

HFFΦΦ = ,~ #
2

#
2

HFFΦΦ = rr Fww =~ and r
#
r wFw ′=~  

respectively.  In (18), the noise term  r
#
rrr nwΦwΛ ~~~~~ =′′+′′  is a complex Gaussian coloured noise with covariance 

matrix given by  

{ } ( )HH
rr

HH
rrE FΦΦFFΛΛFnnR H

rrnn rr
′′′′+′′′′== 2~~ ~~ σ           (19) 

 

 where rΛ ′′~  and rΦ ′′~  are the matrices of size ( )CPLNN +× .  

Let ,~~~~~~
1

#
1111

#
rr1 ΦGΦΛGΛψ +=  #

rr1 ΛGΦΦGΛψ 1
#
1112

~~~~~~ += , #
rr2 ΦGΦΛGΛψ 2

#
2221
~~~~~~ += ,  #

rr2 ΛGΦΦGΛψ 2
#
2222
~~~~~~ += .  

Then eqn. (18) can be written simply as  

   r
##

11r npψpψpψpψz ~~~~~~
2222211211 ++++=          (20) 

rz~  is a 1×N  vector containing superimposed symbols transmitted from source nodes 1S and 2S .  Moreover, 
for the given values of rrraaa εθεεθθ ,,,,,,,, 212121 , the rz~  is a N - dimensional multivariate Gaussian with a 
zero mean and covariance matrix, 

rr nnR ~~ .  A N - dimensional ML  search is performed at the relay node to 

detect the superposed symbols, ( ) 1,...,1,0,~
3 −= Nkkx . Assuming that the channel state information is known 

the  ML estimate of 1×N  vector, 3x~  is given by  

( )
[ ] [ ]( )1

11 12 21 22 11 12 21 22
ˆ arg min

N

H

A

−= − − − − − − − −
r r3 wwx z ψ ψ ψ ψ R z ψ ψ ψ ψ             (21) 

After the detection, PLNC mapping is carried out at each subcarrier such that{ }2,2 +−  is mapped to bit 0  and 
{ }0  is mapped to bit1.   

2.2      Time slot II 

2.2.1   Signal Transmission from Relay Node 

In time slot II, the relay node, R  broadcasts the OFDM signal to the destination nodes 1S  and 2S .  Let 3s  be 
the 1×N  vector to be broadcasted. The OFDM signal corresponding to the signal [ ] 1,...1,0,3 −= Nkks  is 
generated by taking IDFT and appending CP of length CPL .  These broadcasting messages are further affected 
by the frequency dependent (FD) and frequency independent (FI) imbalances of the transmitter at the relay 
node.   Here the I/Q imbalance at the transmitter of relay is considered. 
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The OFDM samples are passed through a Digital-to-Analog Converter (DAC) and a pulse-shaping filter.  Let 
( )th

tr
 be the impulse response of the pulse shaping filter.  The continuous time outputs of the pulse shaping 

filters at in-phase and quadrature branches are represented as,  

( ) ( ) ( )
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               (22) 

Let ( )tI
rt

ε  and ( )tQ
rt

ε  denote the impulse response of the FD imbalance filters at I and Q branches.  The 

imbalance filter outputs at respective branches are represented as  

( ) ( ) ( )ttptu I
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t t
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QQ
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Let Q
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I
t aa ,3,3 ,  and Q

t
I

t ,3,3 ,θθ  be the amplitude and phase mismatches due to FI I/Q imbalance at the transmitter 
section of the relay node.  In the presence of I/Q imbalance, the pass band signal at the output of the relay node 
is given by 
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The baseband equivalent of ( )ts p
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 Using Equations (23) and (24), Equation (26) is rewritten as,  
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b
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Let ( )tg p
1  be the channel impulse response of R  to 1S    respectively.  The receive information at the source 

nodes are demodulated to detect, 3s .  Assuming perfect timing and frequency offset correction, the DFT output 
vector  1

~y  and 2
~y  at the source nodes 1S and 2S respectively perturbed by I/Q Imbalances due to relay 

transmitter and source node receiver.  
2.2.2   Signal Reception at Source Node: 

The receive signal at the source nodes 1S  and  2S  are given by,  

( ) ( ) ( ){ } ( )twtstgty pppp
1311 +∗=               (29) 

( ) ( ) ( ){ } ( )twtstgty pppp
2322 +∗=         (30) 

The baseband equivalent of ( )ty p
1  and ( )ty p

2  is given by,  

( ) ( ) ( ){ } ( )twtstgty b
1311 +∗=                     (31) 

( ) ( ) ( ){ } ( )twtstgty b
2322 +∗=            (32) 
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Let Q
r

I
r aa ,1,1 ,  and Q

r
I
r ,1,1 ,θθ  be the amplitude and phase mismatches during signal reception at the destination 

node 1S .  Further, let ,
2
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




 += −− Q
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1 θθ .  Let ( )tI
r1ε  and ( )tQ

r1ε  be 

the FD I/Q Imbalance at the destination node, 1S  during reception.  The baseband equivalent output at the 
imbalance filter is given by, 

( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

1 1 13, 3, 3,

1 1 1 1 1 1 11

1 1 1 1 1 1 11

1
2
1
2

r r r r r rr

r r r r r rr

QI
s s s

QI

QI

z t z t jz t

v t v t h t y t

v t v t h t y t

μ ε μ ε

μ ε μ ε

= +

 ′ ′= + + − ∗ ∗ 

 ′ ′ ′+ + + − ∗ ∗ 

      (33) 

Let  ( ) ( ) ( ) ( ) ( )[ ]tvtvt QI
rrrrrrr 1111111 2

1 εμεμλ ′−+′+=    and ( ) ( ) ( ) ( ) ( )[ ]tvtvt QI
rrrrrrr 1111111 2

1 εμεμφ ′−++′= .   

Then, (33) can be simplified as   
( ) ( ) ( ) ( ) ( ) ( ) ( )tythttythttz

rrrr 1111113 ′∗∗+∗∗= φλ                (34) 

Using (28) and (30) , (33) is written as  

( ) ( ) ( ) ( ) ( ){ } ( ) ( )

( ) ( ) ( ) ( ){ } ( ) ( )

( ) ( )( ) ( ) ( )( ){ } ( )

2

3, 3 3
1

2

3 3
1

( )

( )

1, 2

t t r r

t t r r

r r r

m m r r m m
m

m r r m m
m

m m m m m

z t g t t p t t p t h t t

g t t p t t p t h t t

t w t t w t h t m

λ φ λ

λ φ φ

λ φ

=

=

′= ∗ ∗ + ∗ ∗ ∗

′
′ ′+ ∗ ∗ + ∗ ∗ ∗

′+ ∗ + ∗ ∗ =



      (35) 

where,  2,1=m  represents the signal received at the source node 1S  and source node 2S  respectively.   

Upon rearranging (35), it can be written as 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )( ) ( ) ( )( ){ } ( )

2

3, 3
1

2

3
1

; 0

r t r t r

r t r t r

r r r

m m m r m m r m
m

m m r m m r m
m

m m m m m CP

z t t g t t t g t t p t h t

t g t t t g t t p t h t

t w t t w t h t t T T

λ λ φ φ

λ φ φ λ

λ φ

=

=

 
 ′ ′= ∗ ∗ + ∗ ∗ ∗ ∗   

 
 

 ′ ′ ′+ ∗ ∗ + ∗ ∗ ∗ ∗   
 

′+ ∗ + ∗ ∗ ≤ ≤ +



    (36) 

The output of the imbalance filter ( )tzr  is sampled and the cyclic prefix is removed.  Assuming 
( ) ( ){ } 2,1, =∗ mthth

rt mr  satisfies Nyquist criterion for pulse shaping, the discrete time samples after removing 
the cyclic prefix can be represented as  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )( ) ( ) ( )( )

2

3, 3
1

2

3
1

; 0 1

r t r t

r t r t

r r

m m m r m m r
m

m m r m m r
m

m m m m

z n n g n n n g n n p n

n g n n n g n n p n

n w n n w n n N

λ λ φ φ

λ φ φ λ

λ φ

=

=

 
 ′ ′= +   

 
 

 ′ ′ ′+ +   
 

′+ + ≤ ≤ −





    

    

 

    (37) 

Let the sampled version of ( )t
tr

λ  be  ( ) ( ) ( )
T

T
LNrrr

trtrttt
L 



 −= −× λλλλ 1,1,.....0 0λ  be a 1×N  vector, where, 

tr
Lλ is 

the number of non zero elements in 
tr

λ .  Similarly, the vectors 21rmrm g,g,φ,φ,φ,λ
rtr

 and 3p  are 1×N  

vector representation of samples from ( ) ( ) ( ) ( ) ( )tgtgttt
rtr mrm 21 ,,,, φφλ  and ( )tp3  respectively.  Moreover, 

tr
Λ ,

rmΛ , 
trΦ ,

rmΦ , 1G  and 2G  be the NN ×  circulant matrices with first columns as 1mrmr g,φ,φ,λ,λ
rtrt

 

and 2g  respectively.  The matrix representation of (37) is represented as  
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( ) ( )
2 2 2

3,
1 1 1

m
m m m= = =

 ′ ′= + + + + +   r t r t r t r t r r

H H H H
m m r m m r 3 m m r m m r 3 m m m mz Λ G Λ Φ G Φ p Λ G Φ Φ G Λ p Λ w Φ w   (38) 

where, 
rmΛ  is a ( )[ ]CPLNN +×  matrix and mw  is a ( ) 1×+ CPLN  vector of noise.  After taking DFT of (38), 

it is given by, 

( ) ( ) ( )
2

,
1

m
m= = =

′′ ′′= + + + + +  r t t t r t r t r r

2 2
# # # # # #

3 m m r m m r 3 m m r m m r 3 m m m m
m 1 m 1

z Λ G Λ Φ G Φ p Λ G Φ Φ G Λ p Λ w Φ w                  (39) 

where  the frequency domain parameters, ,Λ
r1

~
,Λ

r2
~

,Λ
tr

~  ,G1
~

trr r212 Φ,Φ,Φ,G
~~~~  are the diagonal matrices.  In 

(39), the noise term 
rrr m

#
mmmm nwΦwΛ ~~~~~ =+  is a complex Gaussian colored noise with covariance matrix given by  

{ } ( )2 H HE σ= = +
m m r r r r r rr r

H H H
n n m m m m m mR n n FΛ Λ F FΦ φ F                  (40) 

 where 
rmΛ ′′~  and 

rmΦ ′′~  are the matrices of size ( )CPLNN +× .  Let ,ΦGΦΛGΛψ #
r

#
11r1111 tttr

~~~~~~ +=  
#
r

#
11r1112 trtr
ΛGΦΦGΛψ
~~~~~~

+= , #
r

#
22r2221 tttr
ΦGΦΛGΛψ
~~~~~~

+= ,  #
r

#
22r2222 trtr
ΛGΦΦGΛψ
~~~~~~

+= .  Then, (39) can be simply 
written as 

r
#
322321

#
3123113 npψpψpψpψz ~~~~~~

, ++++=m                     (41) 

Using the receive signal at at source node 1, [ ]kz 1,3
~  the signal from 2S  is determined as 

[ ] [ ] [ ]kzkxkx 1,312
~.~ˆ =               (42) 

Similarly at source 2S , the signal from source 1S  is decoded as  

[ ] [ ] [ ]1 2 3,1ˆ .x k x k z k=             (43) 

III. PERFORMANCE ANALYSIS 

The OFDM symbol at thk  subcarrier at the relay node, R  can be rewritten from eqn. (18) as below,  

 [ ] [ ] [ ]
2

1

( ) [ ]r m m m m m r
m

z k a b s k c s k n k∗

=

= + + +      (44) 

where [ ] [ ] [ ] [ ] [ ] [ ]m r m m r m ma k k g k k k g kλ λ ∗ ∗= + Φ Φ    [ ] [ ] [ ] [ ] [ ] [ ]m r m m r m ma k k g k k k g kλ λ ∗ ∗= + Φ Φ      is in-phase 

branch I/Q parameters, [ ] [ ] [ ] [ ] [ ] [ ]m m m r m m rb k g k k k g k kλ λ∗ ∗= Φ + Φ     is quadrature branch I/Q parameters. The 
interference due to I/Q imbalance is defined as  

[ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]

m r m m r m m

m m r m m r

c k N k g N k k N k g N k

k g N k N k k g N k N k

λ λ

λ λ

∗ ∗

∗ ∗

= − − + Φ Φ − −

+ − Φ − + Φ − −

    
   

 

Using (44), the instantaneous Signal to Interference plus Noise Ratio (SINR)’s [ ]1 kγ  and [ ]2 kγ  at the relay 

node in time slot I and the SINRs [ ]3 kγ and [ ]4 kγ at 1s and 2s  in time slot II, at thk subcarrier, are determined 
as 

 [ ] [ ]
[ ]

2

2 1, 2,3,4mIQ
m

m m

g k
k m

A g N k B
γ = =

− +




  (45) 

 where m
m

m m

c
A

a b

 
=  + 

 and 
2

x

B
σ
ε

=  

In this subsection, the effect of I/Q Imbalance on the outage performance at the relay and at the destinations is 
characterized.    The cumulative distribution function (CDF) of [ ]1 kγ  can be expressed as [ ]( )1P kγ γ< .  Let, 

the signal to interference noise ratio [ ]k1γ  is further simplified as [ ] 1
1

1 1 1

X
k

AY B
γ =

+
, where, [ ]2

11
~ kgX =  and  

[ ] 2
11

~ kNgY −= .  The CDF of  [ ]k1γ  can be written as  
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[ ] ( ) ( )( ) ( )
1 1 1

0
YkF X A y B Y y f y dyγ γ γ

∞

= < + =  

 
( ) ( )

( )
( ) ( )

( )

1 1

1 1

1 1

0 0 0

1

1

1

A y B
A y B

X Y Y

B B

f x f y dxdy e f y dy

e A e

γ
γ

γ γγ

+∞ ∞
− +

− −

 = = −  

= − +

        (46) 

where the threshold SINR, 2 1Rγ = − .  Similarly, CDF of [ ]2 kγ  can be expressed as  

[ ] ( ) ( )2 2
2 21 B B

kF e A eγ γ
γ γ γ− −= − + .   Let the I/Q imbalance parameters 1 2 1 2,A A A B B B= = = =  

Therefore, the upper bound outage probability at the relay node is determined as  

 ( ) ( ) ( )( ), 2 1 2 exp 2 /U
out relayP A SNRγ γ γ= − − −       (47) 

The outage probability at the relay node for the lower bound is calculated as follows, 

The CDF of [ ] [ ]( )1 2min ,k kγ γ  is expressed as ( ) ( ) ( )( ) ( )( )
min 1 21 1 1kF F Fγ γ γ γ= − − − . It is further simplified 

and the lower bound outage probability is obtained as 

( ) ( )( ) ( )( )
( )( ) ( )( )

,Re

2 2

1 exp 2 exp 2

exp 2 exp 2

L
out layP SNR A SNR

A SNR A SNR

γ γ γ γ

γ γ γ γ

= − − + −

+ − − −
      (48) 

The outage probability at the destination node 1S   during the second time slot is given by  

 ( ) ( ) ( )( ), 31 1 exp /out destP A SNRγ γ γ= − − −     (49) 

The end-to-end outage probability is defined as  ( ) ( ) ( ){ } ( ), , , ,1out end out relay out relay out destP P P Pγ γ γ γ= + −   

Let 3A A= , substituting (48) and (49), the End-to-End outage probability is determined as   

( ) ( )
( )( )

,

2 3 2

1 (1 )exp

2(1 )exp 3
out E to EP A SNR

A A A SNR

γ γ γ

γ γ γ γ
− − = + − −

− + − − −
   (50) 

IV. NUMERICAL RESULTS AND DISCUSSION 

In this section, the outage performance of OFDM based bidirectional relay network in the presence of I/Q 
Imbalance is analyzed.  The analytical expressions are derived for the outage probabilities at both the time slots. 
The number of subcarriers is assumed to be 64 and bandwidth is 20 MHz.  Figure 4 shows the outage 
performance of OFDM based bidirectional relay network at  1 / /b s Hz  in the relay node.     At the amplitude 
and phase mismatch of 01.1, 3a θ= =  the outage probability is increased and further at the IQ Imbalance of  

01.4, 8a θ= =  the system reaches deep fade.   
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Fig 4. Outage Performance at the relay node with I/Q Imbalance at 1 b/s/Hz 
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The outage performance of End– to – End transmission  for different levels of I/Q Imbalances are presented 
in Figure 4.  At the amplitude and phase mismatches  of 01.1, 2a θ= =  the outage probability is increased to 8 

dB at 210−  and further at the IQ Imbalance of  01.4, 8a θ= =  the system reaches deep fade. 
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Fig 5.  End-to-End Outage probability Performance with I/Q Imbalance at 1 b/s/Hz 

V. CONCLUSION 

The impact of I/Q Imbalance on OFDM based bidirectional relay network has been analyzed in terms of 
outage probability. Analytical expressions are derived for outage probabilities at both the time slots. The outage 
performance is calculated for individual as well as for combined levels of amplitude and phase mismatches. The 
outage analysis in the presence of I/Q imbalance would be very much helpful in developing compensation 
algorithms and to improve the performance of the OFDM based relay networks in the presence of amplitude and 
phase mismatches. 
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