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Abstract—This paper presents the performance analysis
of the multiple antenna two-way amplify and-forward (AF)
relay network in an interference-limited environment. Multiple
antenna system is considered to overcome the fading effect. To
avoid the high feedback overhead and fully exploit multiple
antenna diversity, we employ transmit antenna selection (TAS)
at the user node and analog network coding (ANC) at relaying
node. We are assuming the presence of multiple co-channel
interference (CCI) at the AF relay and noisy sources, an
approximate closed-form expression for the overall outage
probability (OOP) is derived. To gain more insight into
system performance high SNR analysis is done and asymptotic
expression for OOP is obtained. Furthermore, upper bound on
ergodic capacity (EC) and approximate expression for symbol
error probability(SEP) are derived. The tightness of our analysis
is attested through Monte Carlo simulation and provides the
insight into the impact of CCI under the general operating
conditions and the key system parameters on overall system
performance.

Index Terms—Two-way relay systems, co-channel interfer-
ences, multi-antenna, AF relaying, overall outage probability,
asymptotic analysis, symbol error probability, ergodic capacity.

I. INTRODUCTION

In last decade, cooperative communication has gained sig-
nificant research attention due to their ability to provide an
extended coverage area and enhanced throughput additionally
with reduced power consumption [1]. It has been extensively
deployed in recent wireless standards such as long term
evolution-advanced (LTE-A) and IEEE 802.16j [2]. Due to
increase in data rate, there is a high demand of frequency
spectrum which allows the frequency reuse for better spectrum
efficiency. Thus, the intercell co-channel interference (CCI)
turns out to be the dominant factor on the deployment of
wireless relaying transmission [3]—[7]. Due to limited through-
put of one-way relaying (OWR) protocol, two-way relaying
(TWR) protocol is proposed [8]. Due to heavy spectrum
reuse, TWR system is also affected by CCI. To address
this issue many works have been done [9]-[13]. In [9],
authors studied interference limited systems over Rayleigh
fading channels. In [10], authors have done the approximate
analysis of TWR amplify-and-forward (AF) relaying system
in Nakagami-m fading channel, where CCI is assumed at the
relay. In [11], authors examined the performance of AF fixed
gain TWR system, where interference is assumed at the two
end sources over Nakagami-m fading channel. In [12], authors
have evaluated the lower bound on the performance of AF
TWR system, where interference is subjected to all the nodes

over Nakagami-m fading channel. Recently, authors in [13]
have adressed the issue of CCI in spectrum sharing scenario,
where performance analysis is done for decode-and-forward
(DF) TWR cognitive radio system. All of the above-mentioned
work has been done using a single antenna at all the terminal.

In addition to TWR system, multiple antenna has also
gained a lot of research interest due to its ability to improve the
system throughput against multipath fading severity. Multiple
antenna deployments in fixed gain AF relay systems can
improve the system throughput at a low practical implemen-
tation complexity. In multiantenna systems, beamforming or
transmit antenna selection (TAS) is used to improve the system
throughput [14]. Former requires full channel state information
(CSID) at the transmitter, while the latter requires only few
information about the selection index which can be fulfilled via
a low-rate feedback channel. Therefore, TAS strategy is more
efficient than its counterpart with the performance tradeoff
[15]. In this work, we use TAS strategy at two end users, i.e., to
maximize the received signal-to-noise ratio (SNR), each end
user selects the strongest antenna for transmission. In [16],
authors have addressed the issue of CCI in the multiantenna
system.

In the context of interference-limited AF-TWR systems,
highlighted differences between the work presented here and
[10], [12], [16] and [17] are:

1) In [10] and [12], only single antenna is used. Addi-
tionally [12] provides only the bounds on the system
performance.

2) In [16], beamforming is used among the terminals and
the individual outage probability is evaluated in Rayleigh
fading environment.

3) In [17] multi-antenna beamforming is used to evaluate
the single user performance of interference limited sys-
tem for fixed gain relaying.

The main aim of this paper is to analyze the overall system
performance of TAS based system affected by CCI. These
systems may suffer from severe performance degradation,
which is not addressed in multiantenna scenario for TWR
system. Our main contributions are summarized as follows:

o« We examine a multi-antenna TWR system, where the

relay node is affected by CCI'. The considered frame-
work has been barely addressed. We have assumed that

I'This scenario is practical in the sense when the the relay node is located
near to the cell edge, whereas the two sources are placed at the center of
adjacent cells



all channels follows Rayleigh fading. Furthermore, a
tight approximate expression of overall outage probability
(OOP) is derived.

o The effects on end-to-end system performance by number
of interferers at the relay node and the number of transmit
antennas at both end sources are examined. Numerical
illustrations validate our analysis with the help of Monte-
Carlo simulation.

o To gain more insights into the main system parameters,
we present the high SNR analysis and asymptotic expres-
sion of OOP is derived.

o« We analyze the symbol error probability (SEP) per-
formance by using the cumulative distribution function
(CDF) based method and approximate closed form ex-
pression is derived.

« Using Jensen’s inequality, we obtained the upper bound
expression of ergodic capacity (EC) for the considered
system.

Notations: Absolute value is denoted by |- |. CN(u,0?)
denotes a complex circular Gaussian random variable with
mean ;. and variance 0. T'(+) represents the complete gamma
functions [18, Eq. (8.350)]. E[-] shows the expectation.

II. SYSTEM AND CHANNEL MODEL

We consider an AF cellular relay network, which consists
of a base station (BS) that tries to communicate with the
mobile station (MS) via relay (R) as shown in Fig. 1. The BS
and MS are equipped with L and M antennas respectively,
whereas R is equipped with a single antenna. We assumed
that due to heavy path loss or shadowing, there is no direct
path between the MS and the BS. All terminals are further
assumed to communicate in half duplex mode. Here on, we
refer to the BS and MS as terminals S; and S, respectively.

We further assume a Rayleigh block fading scenario,
where the channel fading coefficient between any terminal
S; is h,, where i € {1;,2,}, me{l,2,...,M} and
1€{1,2,...,L}. The channel magnitude |h,| is Rayleigh
distributed, such that the channel gain |h, % is exponentially
distributed. Here, we consider a scenario in which the AF relay
is interfered with K co-channel interferes I, (¢ = 1,.., K).

Using a single antenna, user S; transmits s1 to R , and user
S, transmits s to R with power Pg, and Pg, respectively.
At end users, the antenna which maximizes the instantaneous
received signal-to-interference-noise ratio (SINR) at R is
selected. In first transmission phase (MAC phase which is
represented by dashed line in Fig. 1), thus the received signal
at R is given by

K

Yp = V/Ps,h1,.81 +/Ps,ha, . s2+ Z P, 942q + 1R,
q=1

(1)

where n g is the additive white Gaussian noise (AWGN) noise
received at R, Pr 4 is the power of gy, interfering signal, g, is
the fading coefficient and z, is the message signal of g, inter-
ferer, |h11* = max1§l§L|hll| and ‘hgm* ‘ = max1§m§M|h2m|

Iy

Interferer

11
Interferer\
hlf Y hz,‘
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= BC Phase

Fig. 1. Multi-antenna two-way AF relaying

denotes the magnitude of the fading coefficient between S; &
R, and the magnitude of the fading coefficient between S, &
‘R of selected antenna respectively.

In the second transmission phase (BC phase, which is
represented by solid lines in Fig. 1), R applies the scaling
gain G to y,, and forwards it to both S; and S, with power
Ppr. Thus the received signal at S; and S, terminal is given as

Ys, = Ghi.y, + Ng, (2)
Ysy, = Gha,,.y, + Ngy» (3)
2

where, G defines the variable gain of relay which is given as
K

G? = PR/(PSI |hll* ‘2 + PSz |h2m* |2 + Z PI,q|gq|2 + NO)
g=1

By substituting yr from (1) in (2) and (3) we get

Ys, = G\/Ps,h1.hi.s1+ G/ Ps,haha, .82
K

+ Ghll*TLR + Ghll* Z

q=1

Ys, = G/ Ps,hi.ha, .51+ Gy/Ps,ha, . ha .52
K

+Gha,.np + Ghy, . > /P, getq ++ng,. (5)

g=1

P, 9qzq + 1y (4

After canceling the self interference term from yg and y,
leads to

v, = GPihi b sat Gl (©)
K
th* Z ﬁgqxq + Ng,
q=1
y; = G\/Pislhll* hzrn* 81 + Ghznl* nR (7)

K
Gho,,. Z \/ Pr.9q%q + +ng, -
g=1

Thus, the received SINR at two terminal S; and S, are given
as
PrPs, X1Y,,

= 8
Tsrsa Ps, NoX; + Yy, (Pr(No + Z) + Ps,No) ®)

2Without loss of generality we have assumed that the noise at all the
terminal (ng, ng,, ng,) follows CN (0, Np).



- _ PrPs, XY,
525 X, (Pp(No + Z) + Ps, No) + Ps, NoYom’

€))

K
|h11*|2 ) YnL = |h2m* 2 and Z = lel‘q|gq|2'

=
Thus, based on (8) and (9), the OOP, SEP and EC is formulated
in next section.

where X; =

III. PERFORMANCE ANALYSIS

In this section, we analyze the performance of the proposed
system model. An approximate expression for OOP and SEP
is derived. Furthermore, closed form expression for upper
bounded EC is obtained.

A. Overall Outage Probability (OOP)

OOP of a system can be defined as the probability
with which the instantaneous end to end SINR ~eo =
min(7ys, ,s,57s,s, )» drops below a predefined threshold ..
However, since v, ,, and 7,, 4 are not independent, thus
the analysis for TWR case is more involved. It was shown
in [19] that vy o > 75,5 for Yy, < X;and v,
< Ys,s, for Yy, > Xj. Thus, overall outage probability is
given as

Pout (’yth) = Pf(%ze < ’Yth)
=1- Pr(’Yslﬂsz > Ythy 752Hsl > ’Yth)
=1—Pr(ys, 5, > 1n|Ym < Xi)
- Pr(’yslasz > ’Yth|an > Xl)
=1- PI‘1 — PI‘Q,

(10)

whereas for a given transmission rate Rg, v¢p, = 2Rs _ 1, is
the SNR threshold. Expression for Pr; and Pro are given in
(17) and (18) at the top of the next page and the derivation of
Pr; is given in Appendix.

B. Asymptotic Analysis

The approximate expression of OOP obtained in previous
section is too complicated to make the relationship between
system parameters and OOP. To gain better insight, here we
present asymptotic expression of (10). Applying the first order
Taylor series expansions e =% ~ (1—z) and (1+2)~! ~ (1—x)
into (10) by neglecting the higher order terms we get

Pout

(yen) =1 — Pry® — Pry°, (1)

where, Pr7° and Pr5° are given in (19) and (20) respectively.
. M—1 M
Using the fact, } ;" i1
Ps = Ps, = Pg,. As a result (11) can be further written as
(12), where o< represents ~’proportional to”. Thus

oo —nh KPrQy L —veh KPSy M
Pout (’Yth) x|l—e PsSe +{1l-e Py

12)

(—1)/ = 1 and assuming

From the above expression, we can deduce that the achiev-
able diversity order depends on the interference power level.
If P; remain fixed on condition P; < Pg, than the achievable
diversity order of the proposed system is min(L, M). How-
ever, when P; increases to the same level of Pg so that %f
remains constant, the diversity order is reduced to zero, which
is in consent with [12].

C. Symbol Error Probability (SEP)

The symbol error probability (SEP) plays an important role
in deciding the maximum transmission rate. The SEP is ob-
tained by using the formulae E[aQ (v/287e2¢)], where Q(z) is
complimentary error function and «, [ are arbitrary constants
which depend on modulation type. Mostly in literature, the
CDF based approach is used for evaluating the SEP. The SEP
can be derived by substituting the CDF of overall SINR in

given formula
[B [ e
(0% &
P.=—-\/— | —F d
e D) 7T/ \ﬁ ’Ye2e(7) s
0

where F, , (7) is the CDF of 7.2, which can easily obtained
from OOP expression given in (10) by interchanging ;5 to .
We will use following identity while deriving the expression
for SEP

13)

o0

xzhe 5%
—— dx =T (u+1)z+vF! +1,u—v+2;s82),
/ @) (n+1) Y(p+1p )

=0
(14

where (.;.;.) is Tricomi confluent hypergeometric function
defined in [18, Eq. (9.210.2)]. Furthermore, by using the fact
oFy (v, p;5—1/0) = o¥P(v,v — p + 1;0) and after some
mathematical manipulation we will obtain the approximate
close form expression of SEP given in(22), where o Fj (-, ;; )
is generalised hypergeometric function.

D. Ergodic Capacity (EC)

Here, we focus on deriving the EC of the considered system
by taking multiple interferences at the relay node. From [8], we
know that EC can be calculated as C' = 0.5E[logs (1 4+ 7Ye2e)]s
where 0.5 implies that the entire communication is done in two
time slots. By invoking Jensen’s inequality, the upper bound
for the EC can be obtained as

1
C<O" = 3 logy (1 + E[ryeze]), (15)

where the expectation of 7.2, can be easily solved by using
CDF based approach

oo

Elez.] = / (1- Fyy (7).
0

(16)

Now substituting the CDF of 7,2, into (16) and apply the iden-
tity given in (14). After some mathematical manipulation, we
will obtain expression given in (23). Finally, after substituting
(23) into (15), we will obtain the upper bounds expression of
EC.
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e 992_< ' >< 7 >( ) [<j+1)(<i+1>1>2 ( U DPs, ) TFT\UTT FPs,
Qz Qy PIQIﬁj 1 P[Q['ﬁj
Fo(l,K;;— - ol K;;——— . 23
T ey \G+ne’ O( EPs, ) T H: 0( HPs, 23)

IV. NUMERICAL AND SIMULATION RESULTS

Here, some numerical illustrations are conducted to evaluate
the performance of multi-antenna interference limited TWR
system. Without loss of generality, the following parameters
are considered: 7;,=3dB, No=1, 2, = Q, = Q;y = 1 and
Ps, = Pg, =2Pg = Ps.

Fig. 2 and 3 illustrate the approximate OOP expression
vs. transmit SNR given in (10) of the interference limited
multiantenna AF-TWR system. It is clear that the simulation
result having a good match with the analytical curve shows
the validity of our analysis. We observed that system OOP
decreases with increasing L or M in Fig 2 for K = 3, while

in Fig 3 decreasing number of interferers improves the system
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performance. Apart from that asymptotic expression given in
(11), follow very well with corresponding high SNR. It is
visible that in the high SNR range there is a floor effect, due
to the impact of co-channel interference.

In Fig. 4, approximated SEP given in (22) for BPSK
modulation (« = 8 = 1) is plotted as a function of SNR for
different values of L, M and K. As observed, by increasing
L and M, SEP reduces systematically while increasing K
affect in opposite direction. Also, it can be seen that the
relative distance between the curves K = 1 and K = 3 for
all system parameters is visible only after 15d5B SNR. This
implies that the impact of the number of interference for each
system parameter is less pronounced in low SNR and becomes
increasingly dominant in high SNR. This is consistent with the
results of [9].

Furthermore Fig. 5 illustrate the EC vs SNR plot of the
considered system for the number of interferences and differ-
ent antenna configurations. Firstly, it is observed that all the
simulation results are in good agreement with upper bounded
analytical expression given in (23). Likewise the previous
results, we can observe the saturation of results at high SNR
and thus flooring effect exist due to the presence of CCI.

V. CONCLUSIONS

We have analyzed the performance of a multiantenna AF-
TWR network in the presence of multiple interferences at relay
node over Rayleigh fading channel. New analytical approxi-
mated expressions have been derived for the OOP as well as
SEP. Likewise, the upper bound of the EC of the considered
system is obtained. On the other hand, a simpler asymptotic
expression of the OOP is also provided. From our findings,
it is clear that the interference present at relay node creates
a flooring effect on the system performance and presence
of multiple antennas helps to alleviate it. Furthermore, the
validity of our theoretical analysis is verified with Monte-Carlo
simulations.



APPENDIX

As mentioned earlier, both X; and Y,, follow exponential

distribution with mean powers - and g-, respectively. Fol-

lowing condition will define the limits of integrals y> 7”‘3%
and x > y obtained from (9). Thus, the probability Pr; is

readily given by

ee] Y=z
PI‘l = EZ / / fxl*(x) me*(y)dxdy )
w=in (A+B)J y= ot

T — B

Yth (24)

where A = (PR(N(]+P[Z)+P5'1N0)/(P52PR), B= No/PR

Since multiple integrals are involved in (24) evaluating it in

closed-form is not tractable. To make the equation analytically

tractable we can assume <, B to be insignificant when trans-

mitting power Pr and Pg, is large. Taking these assumptions

the limits reduced to ypA < y < = and & > (A + B).
Thus we get

Pr1 / /
Yen (A+B)

fx,*( z) fy, (W) [, (2)ddydz,

m*

Yin A 25)
where f, (z) and f, (y) are given as [20]
fx. () = & bl (FY) (—1yie(82)7 (26)
©i=0
m ME (5w
me* (y) =q, - . ( j )(_1)j6 v (27)
-7:

To proceed further, as in [9], we consider P, | =Py
P, and obtaln the pdf Z under Raylelgh fadlng with mean
2 - e PI

power Q as f(z) = TR (P~ . Now Substituting

Fxe (@), fr,. (y) and f,(2) in (25), we will get
o [ M-1
Pr; = fz:O f:p:’vth(A+B)le* (IZ’) fy (e, A) QL]:O( )
X (—1)jefﬁ(j+1)ydy) f2(2)dxdz
M-1

N M—1 i
RS ( j )(=1)
=0
L—1 .
00 00 L L—-1 i —(L)z
x ZZO(fwz'Yth,(AJrB)m. 0( S (=1)'e (%) dx)
1=
. Yip A s s
X <€(JH) T e UH)Qy) f:(2)dz
~ ML L—1\ (M—1y (—=1)*tJ
S LSS )
5. (i+1)Pg, Ng ~ep Tis
— th Tii P +72 _Jth'ij )
X ((&"1) e "Ssz< ’ e ) —Toe P52PRP>
o —2ali, 1 K-1_— 55
szzoe S WZ e PIQIdZ7
(28)
now using the identity [18, Eq. (3.351.3)] and after

some mathematical manipulation we will get (17), where

P1 = (Ps, + Ps, + Pr) No, Po = (Ps, + Pr) No, P3 =

(Ps, + Pr) No, Toj = (2 + ﬂﬂi) Similarly the probabil-

ity of Pry can be obtained zfrom (8).
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