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Abstract

This paper analyzes the outage performance of a two-way relay network in the presence of interference from multiple interferers.
We investigate a two-way relay network where a single user communicates with a selected other user via a relay during three phases.
We propose a user selection scheme and analyze an outage probability. Numerical results verify our analysis by comparison with
computer simulation and show effects of the number of users and the number of interferers on its the outage probability.
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| .Introduction

In a wireless network, relay communication improves re-
liability and coverage [1]-[3]. Recently, there have been
growing interests of two-way relay networks in order to im-
prove spectral efficiency. In practical environment, the per-
formances of relay networks are degraded by interference

[4]-[5]. However, Furthermore, the performance analysis of
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multiuser two-way relay network in the presence of inter-
ference has not been investigated.

In this paper, we investigate a multiuser two-way relay
network where both the users and the relay receive interfer-
ing signals from multiple interferers and time-divi-
sion-broadcast protocol is used. In our model, a multiuser
diversity is exploited by user selection which the relay se-
lects a user based on signal-to-interference-plus-noise-ratio
(SINR). The analysis is verified by the simulation.

This paper is organized as follows. We describe the sys-
tem model in section II, and analyze the outage probability
in section III. Numerical results are shown in section IV
and conclusion is given in section V.

Notation : fx() denotes the probability density function
(PDF) of a random variable X. The complex normal dis-
tribution with mean « and variance b is denoted by
CN(a,b) and the gamma distribution with a shape parame-

ter ¢ and a scale parameter d is denoted by G(c,d).

II. System Model

Consider a multiuser two-way decode-and-forward relay
network which consists of multiple users 4, By, By, -+, B
and a relay 2 as shown in Fig. 1. The user A communicates

with one among By, B,, -, By via the relay R during three
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Fig. 1. System model of a multiuser two-way DF relay network having
multiple interferers

phases. Suppose that each terminal has a single antenna
and operates in a half-duplex mode. Assume that each
terminal is impaired by multiple interferers and each in-
terferer has transmit power P, Assume that each termi-
nal is also impaired by the additive white Gaussian noise
(AWGN) with zero mean and unit variance. Assume that
there is no direct link between the user 4 and the user
B,.

Assume that each channel from a terminal to another ter-
minal and other each channel from an interferer to a termi-
nal are independent. Assume that each channel is reciprocal
and has Rayleigh quasi-static fading such that the channel
coefficients remain unchanged during three phases. Let
hon ~ CN(0,Q, ) denote the independent channel co-
efficient from the user a to the relay R, a€ A4, B,. Let

81,47~ CN(()?QIAJ,A) ’gIR/.R ~ CN(()?QIRJ,R) , and g/,,w.g‘ ~ CN(OaQJ,,k_m.BA)
denote the independent channel coefficient from 7 -th inter-

ferer affecting the user A to the user A, from J -th inter-
ferer affecting the relay R to the relay R, and from 77 -th
interferer affecting the user B, to the user B,, respectively.

In the first phase, the user A transmits its signal =, with
transmit power P, to the relay R. The received signal at

the relay R is given by

NR
a 0 )
Vo' =APhx, +F ZglR,,,,qulm t g

m=1

)
M1y, is transmitted signal from the 77 -th interferer

where
affecting the relay R in the first phase, ny) is the AWGN

at the relay R in the first phase, and Ny s the number
of interferers affecting the relay R .

In the second phase, the user B, transmits its signal ¥&

with transmit power Py, to the relay R . The received sig-

nal at the relay R is given by
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Np
@) _ / @) @
YR = \,PBk th,Rka +vh Zglk‘m,RxR,m 1
m=1

where xﬁi) is transmitted signal from the m-th interferer

affecting the relay R in the second phase, and ng) is the
AWGN at the relay & in the second phase.
In the third phase, the relay R broadcasts its signal

Xr

=X, O X5, with power ©x  where @ is the XOR

operation. The received signals at the user A4 and the user

B, are given by

NA
Ya=A P hA,RxR + P, Z 81,,,4%1,,,4 tny
i=1

and
N/I
Ve, = \/PR hB‘,RxR +\]P1 Zglkkv/,B,‘ Xl 1B T
=

x;, 4 and x;

respectively, where ime-B are transmitted sig-

nal from the 7 -th interferer affecting the user 4 and the
J -th interferer affecting the user B, respectively, "4 and
"5 are the AWGN at the user 4 and the user Bk, re-
spectively, and N, and Ni are the number of interferers

affecting the user 4 and the user B, respectively.
The SINR at the relay R in the first phase and the sec-

ond phase are given by

_ PA | hA,R |2
7/,4‘1? - Np
14+ Plg, «f
m=1
and
PBk | hBA R ‘2
yB,(,R = Np >
W AT
m=1
respectively.

The SINRs at the user A and the user B: in the third

phase are given by

_ PR | hA,R |2
yR,A - N,
EONAT-AN,
i=1
and
P | hBA R |2
VR, = n, )
1+ P lg, s I
Jj=1
respectively.

Assume that perfect channel state information is avail-

able at the relay 72 aiming to find one user B, who has

maximum SINR 775 . Let D denote the set of users

whose signals are decoded successfully at the relay R in
the second phase. The relay R selects the user which has

the largest SINR among the users in the set D, that is,

B . = argmax .
B g na Vr.5,

[ll. Outage Probability

For simplicity, assume that Py, =13 , Vi =Ny, and

QBk,R =QB,R Vk, Q[Bk,uBA ZQIBvB Vl,k y and
QIAJ,A = QIA,A , Vi, QIM,R = QIR,R Vm .

The probability that the cardinality of the set D is [
is given by

k ]
Pri| DI=1} =[1jPr{73k,R 2y, x(-Priy, o 27, )"

k) K
where \ / _(K—l)!l!.

Outage event occurs it7ar> Vs> Vras Ok s less

than a target SINR threshold 7. The outage probability

is given by

LS P.X PY PX
P =1-) Prit—>y mnmax—2t >y ">y ADI|=I
e =1-2 {1+V o OIS T O > 7aID
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where

Ng Ny
X=|hA,R |2’ Yk :‘hh‘k,k |27 Zzzpl |g1M,R ‘2’ V=ZP/ |glA.,,A |27
m=1 i=1

Ng
W, =ZPI ‘gIBM,BA |2

and = and the random

Z~G(Ng, BQ, o).V ~G(N B, ),

variables and

W, ~G(N B’PIQIE*B) are Gamma random variables.

[V. Numerical Results

In this section, numerical results verify our analysis by

comparison with computer simulation where we suppose
that A, R, and B, have same transmit power P and

the target SINR threshold 7w is 7 dB.

Fig. 2 shows the outage probability versus the transmit
power for the number of interferers, N =2 and various
the number of users, K . In this figure, the interference
transmit power is fixed at 0 dBm. It is shown that the out-
age probability decreases as the transmit power increases.
It is shown that outage probability when K =2 is lower
than that when K =1. It is also shown that the outage
probability when K =4 is slightly lower than that when
K =2 in the low transmit power, and is almost same with
that when K =2 in the high transmit power which implies
that the outage probability is less affected by the number
of multiple users K as K is bigger than 2. This is be-
cause the outage performance mainly depends on the link
between the user 4 and the relay R as the transmit power

increases.

V. Conclusion

In this paper, we consider the multiuser two-way DF re-

lay network where a single user communicates with a se-
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Fig. 2. Outage probability versus P for various K . N =2

lected other user via a relay. We propose a user se-
lection criterion and derive expression of outage
probability. Considering the user selection, SINR at the
relay in the second phase is just used for the decoding
set composition and SINR at the one user who is in-
cluded in the decoding set in the third phase is used for
final user selection. Analysis is verified by computer

simulation.
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