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Abstract —In this paper, we consider the outage performance of
a two-way decode-and-forward relaying network in the
presence of multiple strong interferers at the source/destination
terminals and channel estimation errors. We define the signal-
to-noise ratios and signal-to-interference ratios and then use
them to derive closed-form expressions for the outage
probability of the system under the symmetrical and
asymmetrical cases that the received powers at the relay from
both terminals are the same and different. Our analysis shows
that the existence of the channel estimation errors and the
interferers affects the outage performance. Simulation results
demonstrate that our analytical results are in excellent
agreement with the Monte Carlo simulations.

Index Terms—Two-way relaying, outage probability, decode-
and-forward, channel estimation error, co-channel interference

I.  INTRODUCTION

Relaying technologies can improve throughout and
increase communication range. They have emerged as an
effective means for exploiting spatial diversity. Two-way
relaying has received considerable interest over the last
years due to its advantage of overcoming the half-duplex
loss in one-way relay channels [1]. Until now, the
performance analysis and different transmission schemes
for Amplify-and-Forward (AF) and Decode and Forward
(DF) two-way relaying network have been well
investigated in the literature. The rate performance of
two-way relaying network has been extensively studied in
recent years. The achievable rate regions for half-duplex
two-way relaying network were studies in [2], [3]. Later
in [4], the exact outage probabilities for a three-node two-
way relaying network using AF and DF schemes were
presented and an adaptive AF/DF scheme was proposed
to achieve the optimal outage performance. The multiple-
input multiple-output (MIMO) two-way relaying network
was considered in [5]-[8]. The paper [8] showed that the
capacity scales linearly with the number of antennas at
the source nodes and logarithmically with the number of
relay nodes. Recently, the optimal diversity-multiplexing
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tradeoff in AF and DF MIMO two-way relaying network
was tackled in [9], [10]. The two-way relaying network
with  cognitive spectrum sharing protocols was
investigated in [11]. Other active areas spun out from the
concept of relaying include relay selection [12], [13],
distributed beam-forming [14], [15], coding [16], [17]
and multiuser two-way relaying network [18]. The two-
way relaying technology was combined with small cell
[19], [20] technology.

The co-channel interference is inevitable in wireless
communications, so performance analysis of one-way
relay network has turned the focus to interference-limited
channels [21]-[23]. One-way relaying system with noisy
relay and interference-limited destination was examined
and the closed-form outage probabilities were derived for
both DF and AF protocols [21]. One-way relaying system
with multiple interferers over Rayleigh fading channels
was studied in [22]. The exact outage probability of the
DF one-way relaying system with unequal-power
interferers using opportunistic relay selection was
provided in [23]. The DF two-way relaying network with
co-channel interferences was investigated in [24], [25].
The systems’ achievable rate was derived in [24]. A tight
approximate expression of the average symbol error rate
was derived in closed-form in [25]. The interference
limits were considered in cognitive femtocells system
[26].

On the other hand, for the DF relaying network, most
of the work on performance analysis has been carried out
under the assumption of perfect channel state information
(CSI) at both relay and nodes. In practice, however, it is
impossible for the relay and nodes to obtain perfect
knowledge of CSI due to imperfect channel estimation
algorithms, the Doppler shift or noise on the pilot signals.
As such, the authors in [27]-[29] took the channel
estimation error into consideration. The outage
performance of DF based opportunistic cooperative
communications with channel estimation errors was
investigated in [27]. The symbol error rate and power
allocation for DF relaying with channel estimation error
was analyzed in [28]. In paper [29], the performance of
DF cooperative diversity networks with imperfect
channel estimation and co-channel interference was
analyzed. The performance of a DF two-way relaying
network with multiple interferers and channel estimation
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error is analyzed in the literature and this problem
represents the main focus of this paper.

This paper is organized as follows. The system model
is described in Section 2. In Section 3, we investigate the
outage probability of the DF two-way relaying system
with channel estimation error and multiple interferers. In
Section 4, some numerical results are given to verify our
analysis. Finally, Section 5 concludes the paper.

Notations-we denote P{B} as the probability of a
random event B, while E{B} returns the expected value
of the input random variable or event. Fg(x) and fg(x) are,
respectively, the cumulative density function and the
probability density function of B.

Il. SYSTEM MODEL

The two-way relaying system model with co-channel
interference is shown in Fig. 1, where two mobile
terminals, S; and S,, at the edges of two different cells
exchange message with the aid of a relay node R,
assuming that the direct path between them is broken.
The source nodes, S; and S,, are at the cell-edges and
suffer from interference from other mobile/relay nodes in
adjacent cells, while the relay node R is free from
interference. We assume that interference is the
dominating factor limiting the performance. The noises at
S; and S, will be ignored, whilst R is noise-limited. The
forward and backward channels are reciprocal, with a;
denoting the channel between S; and R, and a, denoting
the channel between S, and R. We assume that S;, S, and
R are equipped with one antenna only. The DF protocol is
used at the relay. The DF two-way relaying strategy
consists of two equal time slots.

O

(a) The first time slot

v' v

Fig. 1. The two-way relaying system model with co-channel
interference

(b) The second time slot

In the first time slot, S; and S, send their messages, X;
and x,, to R, and R has the following received signal:

Yr = 00X + 0% + Ny 1)

where ng is the complex Gaussian noise with zero mean
and variance of aé. It is assumed that a; and a, are
independent  quasi-static  Rayleigh channels  with
Q =E{|o, [} and Q, =E{| , '}. We also denote the
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transmit power at S; and S, by P =E{x [}
and P, = E{| x, [}, respectively.

In the second time slot, both x; and x, are decoded
successfully, the relay R combined the decoded symbols
using physical layer network coding, obtains xg and
broadcasts it to S; and S, [30]. Therefore, after two time

slots, S; obtains
N, )
Y1 = onXg +Zgis1(l) +n 2
i=1
where the contribution from N, interference signals
{s?}" is considered. The channels between the
interferers and S; are {g;} . They are assumed to be

independent Rayleigh distributed with E{|g; [}=1 ,
fori=12,...,N,. The received signal by S, is

Y, = 0, X +§:hj5£j) +n, (3)
j=1
where{s{"}} are the interference signals. The channels
between the interferers and S, are {h;} . They are
independent  Rayleigh fading with E{|h; =1 ,
for j=1,2,..,N, . Moreover we also assume {g;} and
{h;} to be quasi-static channels. Furthermore, we assume

that the influence of interference at S; and S, are
dominant and therefore that the effect of n; and n, are
neglected. The transmit power R is given

by P, = E{| X, '}. The interference power at S; and S, is
Py =E{ls” [} and P} = E{|s{” ['}.

The channel estimation is based on training sequences
(pilots) and a particular pilot power result in a certain

level of channel estimation error variance [27]. The actual
and the estimated channels can be modeled as

=0, +¢ (4)
Q) =0d, +8, )

where ¢, and &, are the estimated channel coefficients
and e; and e, denote the channel estimation errors.

Let E{le|}= E{le,|"y=0c2 , a parameter which reflects
the accuracy of channel estimation. Since ¢, is assumed
to be independent of e; and &, is assumed to be
independent of e, ¢, and &, a are complex Gaussian

. - : ~ 12
random variables with variances Efja| }=Q, o and

We define the following signal-to-noise ratios (SNR):
SNR at R from S;:

5 12
_ Rlal
Roe +o

(6)

1R

SNR at R from S,:
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P, ld, I
YR=S O
P,of + 0%
The sum-SNR at R:
. _Rlal | RlGf @
MAC Pl(fé +0§ Pzaé +G§
We also define the signal-to-interference ratios:
Signal-to-interference ratio at S;:
Peléyl
=—>=" - 9
"0 TGP +Ryol ©
Signal-to-interference ratio at S,:
Pelé, I
7/R2 Ih |2 +PRU|§ ( )
Ny . _ N, .
where [g[P=> | g, " Py and[h =3 |h; [ R}.
i=1 j=1

I1l. OUTAGE PROBABILITY ANALYSIS

In this section, we investigate the outage probability
for the two-way relaying network. Firstly we assume that
all the transmit signals to be Gaussian variables and
denote the transmission rates from S; to S, and from S, to
S; by R; and R, respectively. According to the rate region
for the two-way relaying network in [31], an outage event
exactly occurred when

.1 1
R, > mln{EIog(lJr le),§|09(1+ Yr2)} OF

R, > MingZ10g(L+ 7,0), 5 Tog0+ )} or (11

1
R +R, > Elog(1+}/MAC)

We assume that the interferers at S; or S, are of
unequal power, i.e., P\ =P} andP, P}, Vi# j. Our
main results is given in the following conclusion.

Conclusion: If the interferers have dissimilar power at
S;and S,, ie, P,=Pland P,%P), Vi# ], the
outage probability Py is given by (12)

pout :1_l//6+
_ 2 At
56*‘11 % . 72 e Blplil _ & _ 1__ e PoPh
ERAE 107, (Pl 1)
77, =) 2720271
Ny N, 1 -A%-;?P’Jl
Y e (12)
1P, 017(P) = p1)
_ At Al
+5e % %“ }_/1 By _ i 1 e AP
i17,(P -1 EV VA V2R
-1 a7t
+N1 S 1 7;11P|i17ﬂ2P|12

ERE A (YY)
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where
17, exp(=d,) +n, exp(-d,), 7, #7,
= CH-C(un)-C@1- C@ _ _
Ve SO =Clma) o COY 7 s,
7o Yo
N
ANI = (Plll)Nl_ln(Plll - Plkl)ill
o
B> =(RY“[[(RL-P)™,
By
m=—lr, g ==t
Nn=7v. Vo=
PO SR SO A S
" n CU-wBRY T 7 CwBPL
o S CO-Cu) 13
N e
o Cl-) CO-Ca-p)
e N
N, Pet , Paot
5:ZAN1e Py ZBJNze PIJZ
i-1 -1
with
_ R _ P
fi P.(ck +Po?) e P(ch +Po?)
o R(Q-oe) - _ P,(Q, —o%)
! PlO'é+O'; e chré+0'§
_Cw o cw ,_co
Cl-u) Cl-w) C(u)

Proof: See Appendix.

IV. NUMBERICAL RESULS

Here, we present the numerical results to validate the
analytical results of the outage probability. Fig. 2 shows
the outage probability of DF two-way relaying network
with channel estimation errors and multiple interferers

for oé =0.01, 0.001. The interference power is denoted

A A
by sequences P, =[P?,..,P{"] and P,,{PY,....PY].

In the simulations, we set the transmission rates by
R;=1.2, R,=0.8 and the power of noise by o2 =1. We set
the number of the interferers by N;=N,=N=3, and we set
the distinct interference powers as an arithmetic sequence,
which is s;=s,= [2.5, 5, 7.5]. In the asymmetrical case, we
assume P;=P,=30dB, Pr=30dB, (3, =0.8 Q, =0.7; In
the symmetrical case, we assume €, =, =0.7. The

comparison for the outage probability between the
analytical results Eq. (12) and the simulation results is
shown in Fig. 2. It is clearly observed that the analytical
results Eq. (12) match the exact results perfectly. As
expected, the effect of channel estimation errors also can
be easily observed.
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In Fig. 3, we present the outage probability
performance of the DF two-way relaying network for
different  numbers  of interferers. Here we
assume o2 = 0.001. When the number of the interferers is
N;=N,=N=3, the interference power is s;=s,= [2.5, 5, 7.5];
When the number of the interferers is N;=N,=N=4, the
interference power is s;,=5,=[2.5, 5, 7.5, 10]. The
existence of different numbers of interferers affects the
outage performance significantly.

Analysis for asymmetrical case,error is 0.01
*  Simulation for asymmetrical case,error is 0.01
Analysis for asymmetrical case,error is 0.001
O Simulation for asymmetrical case,error is 0.001
Analysis for symmetrical caseerror is 0.01 > e
05 4+ Simulation for symmetrical case,error is 0.01
10 — Analysis for synmetrical case,error is 0.001 i
O simulation for symmetrical case,error is0.001

Outage Probability
)

i

o .
s
=

c c
5 6 7 8 9 10 11 12 13 14 15
P, (dB)

Fig. 2. Outage probability of DF two-way relaying system with different

2
Oe

[E:
10-0.16

10'0.2

Analysis for asymmetrical case,N=3
*  Simulation for asymmetrical case,N=3
Analysis for asymmetrical case,N=4
O Simulation for asymmetrical case,N=4
Analysis for symmetrical case,N=3
10‘0'5 +  Simulation for symmetrical case,N=3
— Analysis for symmetrical case,N=4
O simulation for symmetrical case,N=4

9 10 11 12 13 14 15
P,(dB)

Outage Probability

=

o i
o
=

Fig. 3. Outage probability of DF two-way relaying system for different
numbers of co-channel interferers

V. CONCLUSIONS

In this paper, we analyzed the outage performance of a
DF two-way relaying network with channel estimation
errors and co-channel interference. Firstly, the signal-to-
noise ratios and signal-to-interference ratios of the system
was defined. Secondly the expression of the outage
probability was transformed to the function of multiple
variables and the cumulative density functions and
probability density functions of the variables were given.
At last by employing the distribution, we derived close-
form expression of the outage probability of the system

©2015 Journal of Communications

under asymmetrical and symmetrical cases. Results show
that our analysis is very close to the exact values.

APPENDIX PROOF

A
We define the function C(x)=2"%-1 with

R =R, +R,.Then, (11) is recast as

{rr <C(u) Or ygy <C(L—p) OF ypp <C(L—p)
or ygo <C(s) OF yype <CD}
where u=R /R, for 0< u<1. Therefore, the outage
probability is given by
Pu=P{Z, <C(u)orzZ < uCl—p)orz, <Cld- )

(14)

15
orZ, <uC(u)orz,+7Z, <C@Q} (13)
where

P Pla,
4= ot o) (9 TR L g
P, P&, ?
o= (A 4 Ro?) 2, = 2
P.(cz +Pol) Pol + o}

From (15), we see that P,

cumulative density functions (CDFs) of Z;, Z,, x4 and
M, . 1tis easily derived that

Clw)+CA-m)<CQ) (16)

Therefore, we obtain the expressions of P, for
different cases:

PY = p{z, <C(u)orZ, <C(l—p)orz,+Z, <C(1)}

out

is affected by the

0<u<l

< Cw 0 L Cl-p) a7
CQl-u) C(u)
P@ = P{Z, <C(u) or Z, < u1,C(u) or Z, + Z, <C()}
4 < C(u) ,C(l—u) <p < c@ (18)
CA-u) C(w) C(u)
P =P{Z, <C(u) or Z, < 15,C(u)}
. S s c@w (19)
CA-p) C(w)
Pt = P{Z, < ;1 C(L-p)
orZ,<C(l-pyorz, +7Z,<CQ} (20)
C(u) Cc@) Cl-p)
Cl-m “TCa-m )
P® =P{Z, < 4yC(1-p) orZ, <C(1- )}
cwm _Cl-p) (21)
“ca-m T )
Pt = P{Z, < 14C (- p)
orZ,<uC(u)yorzZ, +Z, <CQ}
cQ) s C-p) (22)
C(1 Pl C(uw)

#C A=)+ 1,C (1) <C(Q)

966



Journal of Communications Vol. 10, No. 12, December 2015

P =P{Z, < 5, CA- ) or Z, < u,C(1)},
C(w) Cl-u)

C(-p) C(w)

C (L= p) + 1,C (1) <C (1)

> v My >

and
P = PUF. (OF_ (A7)
- P(,(u?f ()t (1)
[T PET )it (w)dn
N L‘l‘l jo @ f()dinf (m)d

0 A-1
[0 PR )t (w)ds

PR R
A LR VAL R PALA

[ LR e)dit (w)da

[ Po‘u?f ()11, | (41 1
4 A H =t

where F_(x) ,F_(X), f_(X)

(23)

(24)

, T (x) denote the CDFs

and the probability density function (PDF)s for o, and «,

) )
respectively. With z, = R La1| =2, = Rla| -, the
Rog +op PZO'E + O'R
CDFs of Z, and Z, are, respectively, given by
_x
F (x)=1-e " x>0 (25)
- Q
where y, = g ,and
Pl E +GR
F,(x)=1-e r2 x>0 (26)
- Q,
where y, = R Z GE) , and the PDFs of Z; and Z, are,
P,og + O'R

respectively, given by

X

le(x):ée n x>0
N
1.7
fzz(x):__e : x=0

Va2
Following (17)-(23), we have

Pat =Gi(C(w),CA~ 1))

Pa =Gy (C (1), 1,C(11))
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(@7)

(28)

(29)

(30)

967

P® =G, (C(u), 1,C (1)) (31)
PY =G, (1C(L—u),C(L- 1)) (32)
P =G, (14C1- 1), CL- w)) (33)
PO =G, (4 CL- ), 1,C (1)) (34)
PD =G, (1C - p), 11,C (1)) (35)
where
G (%, y) =1-w(x,Y) (36)
G, (x,y) =1-exp[—(= +L)] (37)
ooV
and w(x,y) is
mepl- 28 (L 1)y
71 Vi 72
vy =1 rme- SO Ly 54, (389)
V2 Vo N
0+ COXW g SOy ) =
7o 7o
where 7, = —— | p,=—T2_
Y1 7V2 Vo— "
According to the definitions
R Pl )
n = —|g| = 5 2 2\ ROE
F’(PO'E+ R) P(Pl +UR)
PN N | U :

P.c
P (Pzaé +U§) P (Pzaé +U§) E

and the CDFs of |g|2 and |ﬁ|2, the CDFs and PDFs of
mand g, are given by

F (x) = ZANle F';'lE {1 e ﬂl“l} x>0 (39)

PRO'E X
F ()= ZBNze iz {1 eﬁwJ x>0 (40)

M j=1
Ny X +PRC.T'%
f(x)= Z A —e AR Pl x>0  (41)
A 1PI1
X +PR(.TE
f (x) Z PR Rl x>0  (42)
ﬁZ 12

where

P N, -1
= (Fu) HwP.'l P!
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N N, 1
B =(PL“ [ 5 o=

7] Pljz - Pllz
_ R _ R,
A= P (oﬁ + Ploﬁ) P = P (O'é + Pzaé)
Substituting  (29)-(35), (39)-(42) into (24) and

simplifying the result gives the desired result (12).

ACKNOWLEDGMENT

This research was supported by National Natural
Science Foundation of China under grant 60872149,
Scientific Research Common Program of Beijing

Municipal Commission of Education under grant
N0.201510009008.

REFERENCES
[1] B. Rankov and A. Wittneben, “Spectral efficient protocols for

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

half-duplex fading relay channels,” IEEE Journal on Selected
Areas in Communications, vol. 25, no. 2, pp. 379-389, Feb. 2007.
S. Kim, P. Mitran, and V. Tarokh, “Performance bounds for bi-
directional relaying,” IEEE Transactions on Information Theory,
vol. 54, no. 11, pp. 5235-5241, Nov. 2008.

Y. Han, S. H. Ting, C. K. Ho, and W. H. Chin, “Performance
bounds for two-way amplify-and-forward relaying,” IEEE
Transactions on Wireless Communication, vol. 8, pp. 432-438, Jan.
20009.

Q. Li, S. Ting, A. Pandharipande, and Y. Han, “Adaptive two-way
relaying and outage analysis,” IEEE Transactions on Wireless
Communication, vol. 8, no. 6, pp. 3288-3299, Jun. 2009.

H. J. Yang, J. Chun, and A. Paulraj, “Asymptotic capacity of the
sepatrated MIMO two-way relay channel,” IEEE Transactions on
Information Theory, vol. 57, no. 11, pp. 7542-7554, Nov. 2011.
R.Wang and M.Tao, “Joint source and relay precoding design for
MIMO two-way relaying based on MSE criteria,” IEEE
Transactions on Signal Processing, vol. 6, no. 3, pp. 1352-1365,
Mar. 2012.

M. Tao and R. Wang, “Linear precoding for multi-pair two-way
MIMO relay systems with max-min fairness,” IEEE Transactions
on Signal Processing, vol. 6, no. 10, pp. 5361-5370, Oct. 2012.

R. Vaze and R. W. Health, “Capacity scaling for MIMO two-way
relaying,” in Proc. IEEE International Symposium on Information
Theory, Nice, 2007, pp. 1451-1455.

R. Vaze and R. W. Health, “On the capacity and diversity-
multiplexing tradeoff of the two-way relay channel,” IEEE
Transactions on Information Theory, vol. 57, no. 7, pp. 4219-4234,
Jul. 2011.

X. Lin, M. Tao, and Y. Xu, “Finite-SNR diversity-multiplexing
tradeoff of the two-way multi-antenna relay fading channels,” in
Proc. IEEE Global Communication Conference, Miami, FL, 2010,
pp. 1-5.

Q. Li, S. H. Ting, A. Pandharipande, and Y. Han, “Cognitive
spectrum sharing with two-way relaying systems,” I|EEE
Transactions on Vehicular Technology, vol. 60, no. 3, pp. 1233-
1240, Mar. 2011.

A. Bletsas, A. Khisti, D. P. Reed, and A. Lippman, “A simple
cooperative diversity method based on network path selection,”
IEEE Journal on Selected Areas in Communications, vol. 24, no. 3,
pp. 659-672, Mar. 2006.

T. J. Oechtering and H. Boche, “Bidirectional regenerative half-
duplex relaying using relay selection,” IEEE Transactions on
Wireless Communication, vol. 7, no. 5, pp. 1879-1888, May 2008.

©2015 Journal of Communications

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Z. Ding, W. H. Chin, and K. K. Leung, “Distributed beam-
forming and power allocation for cooperative networks,” IEEE
Transactions on Wireless Communication, vol. 7, no. 5, pp. 1817-
1822, May 2008

G. Zheng, K. K. Wong, A. Paulraj, and B. Ottersten, “Robust
collaborative-relay beam-forming,” IEEE Transactions on Signal
Processing, vol. 57, no. 8, pp. 3030-3143, Aug. 2009.

Y. Jing and B. Hassibi, “Distributed space-time coding in wireless
relay networks,” IEEE Transactions on Wireless Communication,
vol. 5, no. 12, pp. 3524-3536, Dec. 2006.

X. Y. Guo and X. G. Xia, “A distributed space-time coding in
asynchronous wireless relay networks,” IEEE Transactions on
Wireless Communication, vol. 7, no. 5, pp. 1536-1576, May 2008.
M. Chen and A. Yener, “Multiuser two-way relaying: Detection
and interference management strategies,” |IEEE Transactions on
Wireless Communication, vol. 8, no. 8, pp. 4296-4305, Aug. 2009.
H. J. Zhang, X. L. Chu, W. Guo, and S. Y. Wang, “Coexistence of
Wi-Fi and heterogeneous small cell networks sharing unlicensed
spectrum,” |EEE Communications Magazine, vol. 53, no. 3, pp.
158-164, Mar. 2015.

H. J. Zhang, C. X. Jiang, X. L. Chu, and X. B. Wang, “Resource
allocation for cognitive small cell networks: A cooperative
bargaining game theoretic approach,” IEEE Transactions on
Wireless Communications, 2015.

C. Zhong, S. Jin, and K. K. Wong, “Dual-hop system with noisy
relay and interference-limited destination,” IEEE Transaction on
Communications, vol. 58, no. 3, pp. 764-768, Mar. 2010.

D. Lee and J. H. Lee, “Outage probability for dual-hop relaying
systems with multiple interferers over Rayleigh fading channels,”
IEEE Transactions on Vehicular Technology, vol. 60, no. 1, pp.
333-338, Jan 2011.

J. B. Kim and D. Kim, “Exact and closed-form outage probability
of opportunistic decode-and-forward relaying with unequal-power
interferers,” IEEE Transaction on Wireless Communications, vol.
9, no. 12, pp. 3601-3606, Dec. 2010.

S. Hataminia, S. Vahidian, and M. Mohammadi, “Performance
analysis of two-way decode-and-forward relaying in the presence
of co-channel interferences,” IET Communication, vol. 8, no. 18,
pp. 3349-3356, Aug. 2014.

X. C. Xia, D. M. Zhang, K. Xu, and Y. Y. Xu, “Interference-
limited two-way DF relaying: Symbol-error-rate analysis and
comparison,” IEEE Transaction on Vehicular Technology, vol. 63,
no. 7, pp. 3474-3480, 2014.

H. J. Zhang, C. X. Jiang, X. T. Mao, and H. H. Chen,
“Interference-limited resource optimization in cognitive femtocells
with fairness and imperfect spectrum sensing,” IEEE Transactions
on Vehicular Technology, 2015.

C. Q. Yang, W. B. Wang, and S. Zhao, “Performance of decode
and forward opportunistic cooperation with channel estimation
errors,” in Proc. IEEE 21% International Symposium on Personal
Indoor and Mobile Radio Communications, 2010, pp. 1967-1971.
A. Razavi and M. R. Pakravan, “Symbol error rate analysis and
power allocation for decode and forward relaying with channel
estimation error,” in Proc. 19th International Conference on
Telecommunications, 2012, pp. 1-6.

S. S. Ikki and S. Aissa, “Impact of Imperfect channel estimation
and co-channel interference on regenerative cooperative
networks,” IEEE Wireless Communications Letters, vol. 1, no. 5,
pp. 436-439, Oct. 2012.

P. Popovski and H. Yomo, “Physical network coding in two-way
wireless relay channels,” in Proc. IEEE International Conference
on Communications, 2007, pp. 707-712.

W. Nam, S. Y. Chung, and Y. H. Lee, “Capacity bounds for two-
way relay channels,” in Proc. |IEEE International Zurich Seminar
on Communications, Zurich, 2008, pp. 144-147.



Journal of Communications Vol. 10, No. 12, December 2015

Jinhong Fan received her BS degree from
Taiyuan University of Technology, China, in
2001. She is currently a Ph.D candidate with
School of Information and Communication
Engineering, Beijing University of Posts and
Telecommunications, Beijing, China. Her
research interests include cooperative users
and relay systems for wireless communication
/ and MIMO systems.

©2015 Journal of Communications 969





