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Abstract— 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, |/Q imbalanceisintroduced at the radio frequency sections of
the nodes affects the orthogonality among the subcarriers. In this paper, the bidirectional relay network
is modelled with 1/Q imbalance and the outage performance of Orthogonal Frequency Division
Multiplexing (OFDM) based bidirectional relay network which employs physical layer network coding
(PLNC) isanalyzed in the presence of In-phaseand Quadrature (1/Q) imbalance at both thetime dots.

Index Terms- Bidirectiona 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 orthogona flat—fading sub channels [5]. However, OFDM system performance is affected in
the presence of 1/Q Imbalance. Several papers have addressed the issue of 1/Q imbalance in OFDM systems [6-
8]. The effect of 1/Q Imbalance on point to point OFDM systems and the resulting performance degradation are
investigated in [9]. The impact of 1/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 smple 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 1/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 1/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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[lI. SYSTEM MODEL
Consider a generalized bidirectional relay network consisting of two nodes S;,S, 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 dlot |, both the nodes S and S, transmit OFDM signals with N information

symbolsX, (k), 0<k<N-1, m=12, {X,(k)e +1}, where N is the number of subcarriers in one OFDM
symbol. Let x,(n)=x,(n)+jx3(n), 0<n<N-1, m=12 be the time domain samples at the output of
Inverse Discrete Fourier Transform (IDFT) block of OFDM transmitter. x!.(n) and x3(n) represent the in-phase
and quadrature parts of x.,(n). Let g; bethe L, x1 vector of the quasi static frequency selective fading channel
between S andR, g, bethe L,x1 vector of the quasi static frequency selective fading channel between S,
and R respectively. A cyclic prefix (CP) of length L~ is appended to the time domain transmitted samples to
avoid inter-symbol interference (1Sl). The CPlength Ly satisfiesthe condition that Lep > max{L, —1,L, —1}.

Xl[k]

Xz[k]
B —— —
<:='®|=>
Xs[k]
— Timedotl] =——=> Timesdotll

Fig 1. System Model

21 1/Q Imbalanceat Timesdot —|
2.1.1 Signal Transmission from Source Nodes:

A detailed block diagram with 1/Q imbalance at source nodes in time dot-1 is shown in Figure 2. The OFDM
samples are passed through a Digital-to-Analog Converter (DAC) and a pulse-shaping filter. Let h(t) be the

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

Ph(t)= S XLt -nT)  m=12
®

p20= S xQMN3(-nT)  m=12

N=—co

where T is the symbol duration. The imbalance filter shown in Figure 2 represents the mismatch between 1/Q
branches. Generally there exists two types of | and Q mismatches, namely frequency dependent (FD) and
frequency independent (FI) 1/Q imbalances. The frequency dependent 1/Q imbalance exists prior to the
upconversion due to analog components and D/A or A/D converters. Frequency independent 1/Q imbalance is
due to the amplitude and phase mismatches in quadrature upconversion.

&(t)
I ! I 1 1
LPF 51 (t) Imbalance Ul (t) a . UZ(t) Imbalance 52 (U,FL Xz (Tl)
x’ (n) - Filter b Filter I
1
hi(t) €0 ) o R (t)
alCos(2mf t +0%) P SE) alCos(zmf t +0%)
1 2
90" Phase , 90" Phase
Shift 4 4 Shift
—alsin(2nf.t+0%) -asin(znf .t +0%)
Q Q
xf(n) - Sf(t) Imbalance o - Imbalance | 52 (t)m X2 (m)
Filter = Filter
e Q
) 7 Ui Uz () . )
1 £ (t) £2(1)

Fig 2. Signa Transmission from the Source nodes
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Let £l (t) and £2(t) denote the impulse response of the FD imbalance filters at | and Q branches of m™ source
node. Theimbalance filter outputs at respective branches are represented as

Un(t)= P(t)* em(t) m=12 2

uR(t)= pR(t)=eR(t) m=12 )
where, () represents convolution operation. The signal components are then upconverted using quadrature
tonesin the mixer. Ideally, the quadrature tones have equal amplitude and phase differences of 90°. However,
in practice, there exists amplitude and phase difference. It causes FI 1/Q imbalance. Let a,,,al and 6,63 be
the amplitude and phase mismatches at the m™" source node. In the presence of 1/Q imbalance, the pass band
signal at the output of the m™ source node is given by

SP(t) = uh(t)al, coslozf t + 6 - uQ (tad sin(erf 1+ 62) (@
Rearranging the terms, Equation (2) is expressed as
shit)=sf (t)cos(2f t)— sy (t)sin(2rft) 5)

where sP' (t)= (u,'n(t)a,'n cosd) —ul(t)al sin 9,‘3) and
sk (t)= (ur'n(t)ar'n sing) +ul(t)al cosen?). The baseband equivalent of sB(t) isgiven by
smlt)=sh (t)+ isp2 (t)
= (ur'n(t)ar'n cosf —ul(t)aQ sin Hn?) (6)
+ j(u,'n(t)ar'n sngl +ul(t)al coserﬁ)

The | and Q components of u,,(t)can be written asur'n(t)zw , ﬁ&):M. where, ()
represents complex conjugation. Using these definitions, Equation (6) is simplified as, J

S(t) = () + Vil t) (7)
where s 208" ;ageieﬁ and v, = 202" ;aﬁejgg
Using Equations (2) and (3), Equation (7) is rewritten as,

Sn(t) = Am(t)* Pra(t) + 01n(t) * P (t) (8)
where,

1) =5 (Vi o0+ (it =i 10

0n(6)= 5 (i + Ve~ =V R0

2.1.2 Signal reception at Relay Node

The relay node introduces a 1/Q imbalance. The received signal at the relay node with 1/Q imbalance during
timeslot-l isshownin Figure 3. Let gP(t) and gJ(t) be the channel impulse responsesof S to R and S, to
R respectively. Thereceived signal at therelay is given by,

vPO)={af )P} +{o20)« 2O} wP() (10)
where wP(t) isthe AWGN with double sided power spectral density . The baseband equivalent of yP(t) is
given by,

o) ={a(t)* LOF +{gz0) SO} w0 (11)

where g,(t) and g,(t)are the baseband equivalent of gP(t) and gP(t). Let a',a? and 6/,6° be the
amplitude and phase mismatches at the relay node. Further, let

(9)
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1 a° 1 6! j6°

Let & (t) and £2(t) bethe FD I/Q Imbalance at the relay receiver.

Figure 3. Recelvesignal at relay node with 1/Q imbalance
The baseband equivalent output at the imbalance filter is given by,

z.(t)=7 (t)+ iz (1)
:%[(”ﬂ e (0)+ (s, -V, )2 (1)1, (03, (1 (12)

r

2 (1 +v, el (O+(v, -2 )2 (0)]#h, (03 (1)

r

Let 7, (6)=2] (s, 9, )t (0)+(, v, )e2(0)] and g @)=l +v, Jet ©)+ b, —ar 20

Then, (12) can be simplified as

7, (t)= 4, (O)=h ©)*y, (O +¢, [O)=h, 0=y 1) (13)
Using egn. (6) and (9), egn. (13) iswritten as

-0, (0 P (1) 8 (0 % P (D} 0y (1) 7, (1)

m=1 (14)
+ng ) P () + 000 % Py (0} #1, (1)%0, (1) +{(2, ()= w, (1))+(9, () =W, (1))} *h, (1)

Upon rearranging (14), it can be written as

z (t){i[&, (8)% G (8) 4 (1) 4, (1)1, (1) 205, (1) [0 (1) 51y, (t)J

m=1

+[i[&, (6)% G (8) 0 (1) 6, (1) % 97 (1) % 40, (1) ] P}y (1) (t)J (15)

H(A ©=w (0)+(g, (0w (D))}h (1) ; 0<t<T+Tg

where T represents OFDM symbol duration, Tep is the duration of the cyclic prefix. The output of the
imbalance filter z (t) is sampled and the cyclic prefix is removed. Assuming {h,(t)=h ()}, m=12 satisfies

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

2

2.(n)= 2[4 (M)°9n ()24 () +4, (n)2 g7, (1)}, (1) [opr ()

m=1

+Z[ n)og, (n )+¢n (n)og,;(n)o/l;(n)]o p,’n(n)+(/1rr (n)ow, (n))+(¢,f (n)owr’(n)); 0<n<N-1
(16)
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where, L, isthe number of non zero elementsini, . Similarly, the vectors 4, ,¢1,¢,,9,,09:,9,,p1 and p,
are N x1 vector representation of samplesfrom A, (t),4,(t), @,(t), ¢, (t), g, (t), g,(t), p,(t) and p,(t) respectively.

Moreover, A;, Ay, A, ®;,®,,® ,G; and G, bethe NxN circulant matrices with first columns as
A, Ao, A, 00,05,0,,0; and g, respectively. The matrix representation of (16) after removing the cyclic
prefix is represented as

2 2
2= 2 (AGnAn +®GROL o+ (A G @ + @, G ALy pry + AL, + @i an
m=1

m=1
where, A7 isa [Nx(N+ Lep)] matrix and w, isa (N + Lep)x1 noise vector.

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

2 =3 (A G Ay + &, GE o + 3 (R, Gty + b, GEAL ) + A, + 7 (8
m=1 m=1

where, the frequency domain parameters, Kl,KZ,Kr ,él, 62,&)1,52,5r are the diagonal matrices defined as

A =FAF", A, =FAF", A, =FA,F", G, =FG,F", G,=FG,F", ®, =Fo,F", ®,=Fd,F",

®, =F®,F" with F asa NxN DFT matrix. Moreover, 7 =Fz, Py, =Fpy,Af = FAFY, A% =FASF",

Af=FA'FH G =FGIF", G4 =FGIF", @/ =Fo/F", @ =FoiF", W, =Fw, and W¥ = Fw,

respectively. In (18), the noise term K;’\Tv, +<i)”V\~/f =n, is a complex Gaussian coloured noise with covariance

meatrix given by

—E{f.A" |= 2 (FA7ATMFH +Forol PR (19)

A A,

where A7 and @ arethe matrices of size Nx (N + Lep) .

Let yyy =A,GiA +®,GIDY, yy, = A,G®, +®,GIAY, yy = A, GoA, +®,Gi®], v, =A,G,0,+D,GiAL.
Then egn. (18) can be written simply as
Z, = WuaPs +WioDT + WPy + WaoPs + 1, (20)
Z, isa Nx1 vector containing superimposed symbols transmitted from source nodes S and S,. Moreover,
for the given values of &,a,,6,,6,,&,,¢,,8,,6,,¢, , the Z, isa N - dimensional multivariate Gaussian with a
zero mean and covariance matrix, Rz 7 . A N - dimensional ML search is performed at the relay node to
detect the superposed symbols, X3(k), k=0.1,...,N—1. Assuming that the channel state information is known
the ML estimate of N x1 vector, X5 isgiven by
% = ag il el R [2-9m-v-vve | (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 hit1.
22 Timesdot I
2.2.1 Signal Transmission from Relay Node
Intime slot 11, the relay node, R broadcasts the OFDM signal to the destination nodes S, and S,. Let S; be
the Nx1 vector to be broadcasted. The OFDM signal corresponding to the signal s;[k], k=021..N-1 is
generated by taking IDFT and appending CP of length L, . These broadcasting messages are further affected

by the frequency dependent (FD) and frequency independent (FI) imbalances of the transmitter at the relay
node. Herethel/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
h, (t) 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,
Z x3t t - nT
= (22)

= i X3 (Mh?(t-nT)

N=—oo
Let & (t) and £2(t) denote the impulse response of the FD imbalance filters a | and Q branches. The

imbalance filter outputs at respective branches are represented as
Uz, (t)=ps ()& (t) (23)
ugk (t)= p2(t) £2(t) (24)

Let aé't,ae?t and Hg',’t,eé?t be the amplitude and phase mismatches due to Fl 1/Q imbalance at the transmitter

section of the relay node. In the presence of 1/Q imbalance, the pass band signal at the output of the relay node
isgiven by

sP(t)=sf! (t)cos(2ft) - ;° (t)sin(27f ) (25)
where sf" (t)= (Ué,t(t)aé,t cos6s, —ug; (t)ag; 9“93%) and s3° (t)= (UCI%,t (thag, sin 63, +ug (thagk COSt93t)

The baseband equivalent of sP(t) is given by

S(t) = U o (£) + vy, U (1) (26)
j It laQt j Cllt 6:?1 ’ ’
where 4, = aé,te%’ +a§,tej > v, = aé,tew’ _agteJ ’ b (t)= Ug, (t)+ U3, (t) and u (t)= u3,t(t)_.u3,t(t)
! 2 ¢ 2 ’ 2 ' 2j

Using Equations (23) and (24), Equation (26) isrewritten as,

s3(t)= A, (t)* ps(t)+ ¢, (t)= p3(t) (27)
where,

Ao )=, +; Jed )+ (o, — v, Je200)

1
: (28)
_((/urt +Vrt )grt (;urt - r? (t))

Let g, (t) be the channel impulseresponseof R to S; respectively. The receive information at the source
nodes are demodulated to detect, s;. Assuming perfect timing and frequency offset correction, the DFT output
vector y; and Yy, at the source nodes S and S,respectively perturbed by 1/Q Imbalances due to relay
transmitter and source node receiver.

2.2.2 Signal Reception at Source Node:
Thereceive signal at thesourcenodes S, and S, aregiven by,

¢, (t)

yP(0)=1{0P ) PO} +w(t) (29)

y2()=1{gp 1)+ PO} +wl(t) (30)
The baseband equivalent of yP(t) and y2(t) isgiven by,

(t)= 10,0+ SO} +wyt) (3)

Yot) =10 0)+ SO} +ws(t) (32)
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Let a,,a> and 6],,65 be the amplitude and phase mismatches during signal reception at the destination
. i Q . . Q
node ;. Further, let =§(a1',re*”1'*f +ade j v, =%(a1',re'91'w —afrewl”). Let ! (t) and £2(t) be

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

B (1)= B4 (0+ 255 (1)
= 2 (e, + el (0, % )2 0] <M, (O (0 @
w2 (4 4 el (0+(w, -4 )e2 ()] #h, (%)

Let 4, (=5, + Jel 0+, v 20| ana g, =2y +v Jet, @0+ vy, —a1 2 0]

Then, (33) can be simplified as
z3(t)= Ay, () hy () yalt)+ oy (1), (t)5 4(t) (34)
Using (28) and (30) , (33) iswritten as
2
Zym (t)= D Om (1) {4, (1) P3(t) +0, O P3 ()} 5Dy ()% 2y (1)

m=1

3 g (04, (0 By (1) + 4, 0= B0} he ()5, (1) (@)

m=1
H{ (A (€)W (0)+ (01 (£) W (1))} D (1) m=1,2
where, m=12 represents the signal received at the source node S; and source node S, respectively.
Upon rearranging (35), it can be written as

ZS,m(t):(Zz:[;tm, ()% (1) & (£)+ 0 (8) % 0 () 241, (1) [ps (t) <Ny (t)]

m=1

{i[zm ()% G (1) * (1) + 0 (£) G (1) 47 (1) ] P5 (1) <y (t)] (36)

m=1
H{(Amy (€)% W (0)+ (0 ()W (0) b0y (1) 5 0T +Tgp
The output of the imbalance filter z(t) is sampled and the cyclic prefix is removed. Assuming
{hr‘ (t)=hy, (), m=12 satisfies Nyquist criterion for pulse shaping, the discrete time samples after removing
the cyclic prefix can be represented as

Zm(N) =[i[ﬂm (n)° G (M) &, (M) + ¢y (M) g ()o i ()] ps(n)]

m=1

m=1

+ (A, (M) oW, () + (¢, (M)oWfy(n)) 5 O<n<N-1

+[Z[ﬂm (N)° Gm (M) @ (N)+ 4, (M)ogin(n)o 47 (n) o pé(n)] (37)

the number of non zero elements in i, . Similarly, the vectors i, @, ,¢n ,9,,9:,9, and p; are Nx1
vector representation of samples from A, (t).¢, (t). 4y, (t). 9:(t). g,(t) and ps(t) respectively. Moreover,
A Ay @, @y Gy and G, bethe NxN circulant matrices with first columnsas i, Ay @ @ . 0;
and g, respectively. The matrix representation of (37) is represented as

ISSN : 0975-4024 Vol 6 No 4 Aug-Sep 2014 1764



V.N.Senthil Kumaran et al. / International Journal of Engineering and Technology (1JET)

2 2 2
Zym = Z(AermAn +®, Gp@ ) Ps JrZ:(Aerm(Drt +®,, GpA! ) (A +Z:[Amr Wi + @ W;n] (38)
m=1 m=1 m=1
where, Ay, isa[Nx(N+Lep)] matrix and w,, isa (N+ Lep)x1 vector of noise. After taking DFT of (38),
itisgiven by,
2 2
Zam= D (Am, CrAy, + @, Ch®f ) Ba+ D (Ap G, +@, GHLAT) p3+Z(A Wy, + @ Wh ) (39)
m=1 m=1

where the frequency domain parameters, A1r , A2r , 7\,[, él, 62!&)1, ,(I)zr ,(I)rt are the diagonal matrices. In
(39), the noiseterm Km\Tvm +<Bmﬁ/ﬁ1=ﬁm is acomplex Gaussian colored noise with covariance matrix given by
Ry, 5, = E{ fin i | =0°(FAR AR F" +Fo, of F™) (40)
where Aj,  and @), ae the matrices of size Nx(N+Lcp). Let i =A; G A, +®@,Gi@},

Wi =A; Gi®, +®, GIAY, wy=A, GoA, +®, G0}, ypp=A, G®, +®, G5A! . Then, (39) can be simply
written as

Zam = W11P3 + W1oP3 + WarPa + W 5oP3 + 1, (41)
Using the receive signal at at source node 1, E3Y1[k] the signal from S, isdetermined as

%olk]= %[k} Z3; K] (42)
Similarly at source S, , the signal from source S, is decoded as

)A(l[k] =X [k]'23,l[k] (43)

[11. PERFORMANCE ANALYSIS
The OFDM symbol at k'™ subcarrier at the relay node, R can be rewritten from egn. (18) as below,
2
2 [K] =) (8 +1) 30 [K]+ CoSn [K] + 1 [K] (44)
m=1

where &, = A [K12, (K1, K]+, [K]0, [K] G, [K] 8 = A [k} [K] G K]+ B, [k [K] g [K] s in-phace
branch 1/Q parameters, by, = 4,[k] G [K]®, [K]+ D, [k] 5 [K] A" [K] is quadrature branch 1/Q parameters. The
interference due to 1/Q imbalance is defined as

G = A [K] A [N = K] G [N = k] + &, [K] &7, [N ~K] g7, [N~ K]

+ A [K] G [N = K] @, [N k] + Dy, [K] iy [N K] '[N - K]
Using (44), the instantaneous Signal to Interference plus Noise Ratio (SINR)'s 7 [k] and y,[k] at the relay
nodein time slot | and the SINRs y;[k]and y,[k]at Siand S, intimeslot II, a k™ subcarrier, are determined

m=1234 (45)

2
where An:(amcm J and B=2-
£

In this subsection, the effect of 1/Q Imbalance on the outage performance at the relay and at the destinationsis
characterized.  The cumulative distribution function (CDF) of 7 [] can be expressed as P(7;[k]< 7). Let,

the signal to interference noise ratio (k| is further smplified asy [k] :—Alel 5 where, X, :|g~;1[k]2 and
|+
Y, =GN - k]2 . TheCDF of (k] can bewritten as
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Fata (7) ZT(X <7(Ay+B)|Y =y)fy (y)dy

7(Ay+B

oo ) oo
[ [ 0t (y)oay=[[1-e7 A 1, (y)ay

0 (46)

= (1_ e’yBJ. + 7/A1e’7/B.l )
where the threshold SINR, =27 1. Similarly, CDF of y, [k] can be expressed as
Fu ()= (1— e’ + ;/Aze‘yE‘?) . Let thel/Q imbalance parameters A = A, = A B =B, =B
Therefore, the upper bound outage probability at the relay node is determined as
P reay (7) = (2~ (1~ 2Ay) exp(~2y/ S\R)) (47)
The outage probability at the relay node for the lower bound is calculated as follows,
The CDF of min (;[k], 7, [k]) is expressed as F,  (7)=1~(1-Fy())(1-F,(7)) . It is further smplified
and the lower bound outage probability is obtained as
Polzlt,ReIay (7/) =1- eXp(-}’/( ZS“R)) + }’AeXp(—}//( 23\|R))
+7Aep(~7/(2\R)) - 7*A* exp(-7/(23\R))
The outage probability at the destination node S, during the second time slot is given by
Fout, dest (7) = (1_ (1_ 7A3)exp(_7/ S\lR)) (49)

The end-to-end outage probability is defined as Py gng (7) = Pout. ey (7) +{1— Pt retay ( ;/)} Pyt cest (7)

(48)

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

Pout,E—to—E (7) =1+(1-yA) eXp(_y/S\IR)

- 201+ YA’ = yA- yA*) exp(-7/(3NR)) 0

IV. NUMERICAL RESULTSAND DISCUSSION

In this section, the outage performance of OFDM based bidirectiona relay network in the presence of 1/Q
Imbalanceis analyzed. The analytical expressions are derived for the outage probabilities at both the time dots.
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 1b/s/Hz in therelay node. At the amplitude

and phase mismatch of a=1.16=3" the outage probability is increased and further at the IQ Imbalance of
a=14,6=8 the system reaches deep fade.

OUTAGE PROBABILITY

Outage at Relay o
(Without IQ Imbalance [
—+—— a=1.1 ; theta=3 degrees [
—+— a=1.3 ; theta=6 degrees |
—+—— a=1.4 ; theta=8 degrees

10* ! ! ! !
o 5 10 15 20 25 30 35 40

SNR (dB)

10°

Fig 4. Outage Performance at the relay node with 1/Q Imbalance at 1 b/s/Hz
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The outage performance of End— to — End transmission for different levels of 1/Q Imbalances are presented
Figure 4. At the amplitude and phase mismatches of a=1.1,6=2° the outage probability isincreased to 8

dB at 107 and further at the IQ Imbalanceof a=1.4,0=8" the system reaches deep fade.

OUTAGE PROBABILITY
B
o
0

[

" I 1
End-to-End Outage
(Without 1Q Imbalance)

—©— a=1.1; theta=2 degrees [ =

—©0— a=1.3 ; theta=6 degrees

—o0— a=1.4 ; theta=8 degrees

[ [ [

10* I I I
5 10 15

o

SNR (dB)

Fig 5. End-to-End Outage probability Performance with 1/Q Imbalance at 1 b/sHz

V. CONCLUSION
The impact of 1/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 asfor combined levels of amplitude and phase mismatches. The
outage analysis in the presence of 1/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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