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The wireless research requires concurrent transmission and reception in a
single time/frequency channel with good spectral efficiency. The Full duplex
system is the alternate for the conventional half duplex systems. An
investigation on the need for a full duplex two way (FD-TWR) and one way
relaying (FD-OWR) to improve the performance of outage probability and
average rate employing amplify-and-forward (AF) and decode-and-forward
(DF) protocol is considered. Further the relaying systems performance under
the network coding schemes is taken into consideration. The outage
probability and average rate of FD-TWR and FD-OWR using a physical
layer network coding was performed. In contrast to “straightforward”
network coding which performs arithmetic function on digital bit streams
after information have been received. The result shows the DF protocol
achieves better outage probability and average rate, when compared to the
AF protocol. And comparing the full duplex schemes like FD-TWR and FD-

OWR, it is found that the FD-TWR achieves better outage probability and
average rate, when compared to the FD-OWR. The performance was
extended with different loop interference among the relay antennas. The
performance show that FD-TWR performs well even in spite of loop
interference.
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1. INTRODUCTION

Cooperative communication is one of the luring research titles which offer a better result for the
battery life crisis and improving the transmission capacity. Cooperative diversity can be defined as a
numerous antenna technique proposed to improve the whole network channel capacities intended for any
specified set of bandwidths. In the wireless multi-hop networks the used diversity can be further developed
by the combination of relayed signal and the direct signal that is being received.

Compared to the half duplex relaying, full duplex achieve higher capacity in both transmission and
reception on the same carrier frequency. The capacity tradeoff between AF based full duplex with self-
interference and half duplex under absence of fading in the source-relay and self-interference channels was
studied [1]. The capacity tradeoff between DF based full duplex with self-interference and half duplex under
absence of fading in the source-relay and self-interference channels was analyzed [2].

Further the capacity tradeoff between Amplify and Forward (AF) based full duplex and half-duplex
relaying was given [3] with an assumption that the source-relay channel was under fading. The outage
probability was derived using the assumption that there was no direct link between the source and destination
nodes. Two gain control schemes for the AF based full duplex protocol maximizing the Signal-to
Interference- plus-Noise Ratio (SINR) and decreased transmit power was obtained [4]. The outage analysis
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for a DF based FD-OWR under the assumption that there was no direct link between the source and
destination nodes gives the conditions to guarantee superior full-duplex against half-duplex mode [5].

The achievable rate for the DF based full-duplex multiple input multiple-output (MIMO) one-way
relaying. And then, residual self-interference, direct link, limited transmitter/receiver dynamic range and
imperfect channel state information (CSI), were also taken into consideration [6]. In [7] a combination of
opportunistic full-duplex/half-duplex mode selection and transmitted power adaptation for maximizing the
spectrum efficiency was analyzed.

A comparison on the outage probability and system throughput for a two-way half-duplex to one-
way full-duplex relaying was carried out and the FD-OWR could outperform bidirectional half-duplex
relaying, even in the presence of self-interference [8-9].

The throughput and outage probability of a full-duplex block Markov relaying scheme with self
interference at the relay under independent non-identically distributed Nakagami-m fading [10]. The pair-
wise error probability, bit error rate (BER) and diversity performance of the AF based full-duplex linear
relaying and dual-hop systems, under the effect of residual self-interference [11]. In [12], the virtual full-
duplex relaying by means of two half-duplex relays which was a good alternative before standardizing full-
duplex technology. In the same work, self-interference is replaced by inter-relay interference in this virtual
version is considered.

The outage probability of a variable-gain AF based FD-OWR with direct link to half-duplex
counterpart and proposed a highly exact approximation to the outage probability. FD-TWR can further
improve system capacity by achieving bidirectional data transmission and reception on the same carrier
frequency simultaneously [13-14].

The achievable rate region for FD-TWR without residual self-interference. Also derived this
achievable rate region but they assumed the existence of residual self-interference and the resource efficiency
of two-way and full-duplex relaying systems [15-18]. Then the diversity-multiplexing tradeoff of FD-TWR
and proposed a compress and forward strategy to achieve the optimal diversity-multiplexing tradeoff. In [19],
the outage probability of the AF based FD-TWR with residual self-interference, in case of the perfect and
imperfect CSI and derived approximate closed form expressions.

An optimal max-min relay selection scheme of the AF based relaying and studied its BER, ergodic
capacity and outage probability [20]. In the same work, an optimal power allocation and duplex mode
selection to minimize the outage probability was also presented. In [21], the Degree of Freedom (DoF) of the
K-pair-user with a MIMO relay. In this, a full duplex PNC, in which the relay used detect-and-forward
technique and the maximum likelihood (ML) based joint detection to eliminate the multiple access
interference [22].

The Full Duplex system can be analyzed by using the Physical layer network coding and the
performance of outage probability and average rate are improved. The rest of the paper is organized as
follows: The system model having M relays was discussed in section II. Section 11 gives the
performance evaluation of the Nth best relay selection scheme over the AF and DF Channels. The simulation
results are presented in the section IV and conclusion is discussed in the section V.

2. SYSTEM MODEL

A three-node FD-TWR model which consists of two nodes A and B, and a relay, is considered in
with FD-OWR and FD-TWR. In each time slot, FD-OWR can achieve unidirectional data transmission and
reception between nodes source(S) and destination (D) via the relay on the same carrier frequency, while FD-
TWR can achieve bidirectional data transmission and reception. This means that FD-TWR can further
multiplex the transmitting and receiving time, compared with FD-OWR. Moreover, only the relay in FD-
OWR works in full-duplex, whereas all the nodes in FD-TWR operate in this mode. Therefore, FD-TWR
would suffer from more severe self-interference, also called Loop Interference (LI), caused by the co-channel
transmission and imperfect interference cancellation, compared with FD-OWR. Furthermore, FD-TWR is
similar to half-duplex two-way relaying [7] and still consists of the multiple access (MAC) and broadcast
(BC) stages. But, these stages in FD-TWR can be performed in parallel, in the same time slot and thus, all the
nodes work in full-duplex mode and suffer from residual self-interference. In cellular networks, the node A,
relay and node B, are denoted as the User Equipment (UE), Relay Node (RN) and Base Station (BS),
respectively.

The involved channels are node S to relay (SR), relay to node A (RS), node B to relay (DR), relay to
node B (RD), and residual self-interference in node S, relay and node D. The corresponding channel
coefficients are denoted as hgg, hgs , hpr , hrp , hss , hgr , hpp - Thus the instantaneous noise signal-to-
noise ratio (SNR), y is an exponential random variable (RV) with probability density function (PDF),
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fy () = (1/7)e™Y
where, ¥ is an instantaneous SNR.

The instantaneous channel SNR is y = |h|?P/c?
where, h is channel coefficient, o2 is noise power. The normalized transmitted powers of a node S, relay,
node D are Ps =1 ,Pg =1, Py =1 respectively and the residual self interference channels are assumed to
be identical, i.e. Yss = Yrr = Ypp = YL1- FOr FD-TWR, the relay simultaneously receives signals from both
source nodes A and B, and the residual self-interference caused by its co-channel transmission signal and
then forwards them to the corresponding destination nodes B and A.
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Figure 1. System Model of Full-Duplex Two Way and One Way Relaying

The destination nodes B and A simultaneously receive signals forwarded by the relay and residual
self-interference created by their co-channel transmitted signals.In the k-th time slot, the signals received at
the relay(R), nodes D and S can be expressed as,

yrIK] = hggxs[k] + hprxp[K] + hggtr[k] + ng[k] 1)
Vplk] = hgptrlk] + hpptplk] + nplk] 2
yslk] = hgstrlk] + hgsts[k] )

where tg[K], tp[k] and tg[k] are the transmitted signals of the relay, nodes D and S respectively.

3. PERFORMANCE MODEL
The performance of the DF based Full Duplex and AF based FD relay is presented here.

3.1 DF based FD -TWR

The DF based FD-TWR with PNC, the relay decodes the signals received from both source nodes S
and D, and then it implements PNC to recode the decoded data and forwards the recoded data to the
destination nodes D and S. After receiving the network coded signals from the relay, the nodes D and S
perform decoding to obtain their desired data, respectively.
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For the DF based FD-TWR with PNC, in k-th time slot, the signal transmitted at the relay can be
expressed as,

tr[k] = x5k — T]@xp[k — 7] (4)
Then, the instantaneous SNR of the signal received at the relay can be expressed as,

_ eflhsrxs[k]|2}+e{|hprxplk]|?}
R e{lhrrtrlk]|2}+e{Ing[k]|2}

__ YSR*YDR
T 7R+l (5)

Substitute equation (4) in (2) and (3)

yplk] = hgp (xs[k — T]@xp[k — T]) + hpptp[k] + np[k] (6)

yslk] = hgs(xs[k — T]®xp [k — 7]) + hgsts[k] + ng[k] (7

Since both destination nodes D and S know their preciously transmitted data, they can subtract the
back-propagating self interference in (6) and (7) after decoding, through bit-level XOR operation. The

instantaneous SNRs of signals received at nodes D and S can be respectively expressed as,

{lhrpxs[k—1]11*}

YD = oo tplklB+e(inp K12}
__ YRD
Yp = Ypp+1 (8)

Similarly at node S,

eflhrsxplk—1]1*}
e{lhssts[k]|2}+e{Ins[k]I2}

Vs = RS )

Vss+1

Vs =

3.1.1 Average Rate
The average rate for the DF based Full-Duplex two-way relaying equals the average of the
minimum of the rate for the source-relay and relay-destination channels in ,
R = g{min(log,(1 + yg), min(log, (1 + yszr), log, (1 + Yr2D))
+ min(log, (1 + yp2r), 1082 (1 + Yras)))}

R < min(e{log,(1 + )}, e{log,(1 + min(yszz, Yr2p))}, +€{log, (1 + min(yp2r, Vr2s))})

(10)
Applying Jensen’s inequality in above equation,
= YSRYYDR
eflog,(1+vyr)}=¢ {log2 (1 Ll )} (11)
I 1 1 (1 + X e_y/VDR d
ellogy(1+yp)} = o in (14 20— dy +
- 1y
0 (00 1 x/, e YDR
fO fO 7RR+1+x+ye VSR YDR dXdy} (12)

In order to derive the closed form- expression conveniently, we first define a random variable X as the
minimum of yg,g and ygrop
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X = min(¥szr, Yr20)

= min (ﬂ M) (13)

YrRr+1’ VRR+1

Then, we deduce its cumulative distributive function (CDF),

Fy(x) = P(X < x) = P(min(¥szr, Yrz2p) < X)
¥sr(¥pp+1)+¥rp FRR+1D)*
1—e YSRYDR , x>0 (14)
0, x<0

Based on CDF of X, g{log,(1 + min(ys,r, Yrop))} iS derived as,

IEBF = 5{05092(1 + min(¥szr, Yr2p))}
RpF = [, log,(1 + x) dFy(x)

@sr(Ypp+1)+¥rRp WRR+1)) o o
) 1 7 +1)+ +1
RoF =g VSRYDR x E, ((VSR(VDD_ )_VRD(VRR ))) (15)
n2 YSRYDR

Similarly, e{log,(1 + min(ypzr, Yrz2s))} is represented as,
R§F = {log,(1 + min(ypzr, Yres))}

pr(¥ss+1)+7Rs(VRR*D) o _
o] 1 e (YpR(¥ss+1+Yrs(YRR+1))
RgT = e VDRVRS x Ey ( — ) (16)
YDRYRS

Substitute equation (12), (14) and (15) in (10), The average rate of for the DF based FD-TWR is expressed as,

YRR*1 VYRR+1 YRR*1 YRR+1
7 YDR E ( RR >_— YSR E,(YBRRT>
e — e =
YDR W\ Fpr ) VSR 1( Vsr )
(In2)(Ypr-VsR)

pDF,PNC .
Roym < min

]

Ysr(Ypp+1)+¥Yrp(YRR+1) o o
_1 YSRrY +1)+ +1
e VSRYRD E, (VSR(YDD )+¥rD (YRR ))

VSRYRD

1 YpR(Fss+1)+Vrs(Yrr*1)
+—¢ YDRYRS
In2

YpR(¥Vss+1)+Yrs(YRr+1)
E1 —
YDRYRS

a7
According to [(2),(5),(6)], the average rate for the DF based FD-OWR can be expressed as,

R = e{log,(1 + (yz, ¥p))} (18)

(vsr+YDR(YRR*1))
R = 1 e YSRYDR E, (J’SR*'YM?—(VRR‘*'D) (19)

n2 YSRYDR
3.1.2 Outage Probability
The outage probability of the DF based FD-TWR from[33,(14),(15)],

PO = 1= P ({0r% = vend 0 855 = vend 0 RS = vend 0 0BS> = Yend} U {BEe = v} 0

SIC DF DF
{52k = vend 0 {VR2s = vend N {vrzp = Vth}}) (20)
yDF —__VsR ySIC _ _VSR_ yDF _ YDR
S2R T ypp+¥Rr+1 | PSZR T gppt1’ FD2R Ty piypptl
SIc _ _YDR DF _ YRS DF _ YRD 21
YD2R 7RR+1'YR25 7—58+11yR2D ol (21)

Substitute (21) in (20),
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CASE 1: y, =1,

DF,PNC o © 1 e 1Y
pPF, = 1-— 3 _ —e /Vsr e 'Yprdxdy —
out Yen(YL1+1) fth(Y+}’L1+1) VSR Y¥DR Y
foo foo 1 e_x/l_/SR 1 e_y/7DR dxd (22)
Yeh(YLi+1) Yven(V+YLi+1) ysg YDR 4

CASE 2: y,, € (0,1)

Ytn(FL1+1) WsrR+YDR+YDRYth)

PODuI;,PNC —— y;SR e YSRYDR _
YSRtYDRYth
_ Yen(FL1+1) Y sR+YDRTVSRY th) 2= = Yen(FL1+1) Fsr+¥DR)
YDR VSRVDR (1-Ytn)“YsSRYDR e (1-Ytn)VSRYDR (23)
YDR+YSRYth (YthVsr+YDR)(YsR*+YtnYDR)

Here the outage probability of the DF based FD-TWR with PNC, is given in equation (24).

_ Yen(FLi+1)(¥srR+¥DRY tn) — Yen(FLi+1)(¥srR+YDRYSRY th)
— VSR YsRYDR - YR VsRYDR Yen =1
YSRTYDRYth YDRtYSRYth

_ Yen(FL1+1)(¥srR+¥DRY th)
____VSsR YSRYDR —
) YSR+YDRYth
_ S 2o o Yen(YLI+1)YSR+VDR)

_ Yen(VL1+1)(¥sR+¥YDR+YSRYth) (1-¥th®)YSRYDR (=Ytn)VSRYDR
YR YSRYDR "(vth7srR+¥DR)FSR*Yth¥DR)
YDR*YSRYth

fOT Ytn € (0!1)

(24)
According to [(5), (3)] the outage probability of DF based FD-OWR is,
( 1)1 == 1 =
PPE =1- (1 - fg/”‘ VRRY €Sk dx) X <1 - fo}/”‘%eﬂwdy)
Yth(Ysr+YRD(YRR*1))
PPE=1-e¢ ¥YSRYRD (25)

The comparison of (24) and (25) reveals that the outage probability of the DF based FD-TWR with
PNC is higher than that in the DF based FD-OWR, because residual self interference, generated at the
destination nodes due to their co-channel transmission, deteriorates the SNRs of the received signal.

3.2 AF based FD -TWR

In the AF based FD-OWR, in the k-th time slot, the signal transmitted by the relay is the
amplification of the prior received signal and it can be expressed as,

trlk] = Bygrlk — 1] (26)

Where B is the amplification factor, which depends on the channel coefficients, and 7 is the processing delay.
Sub equation (1) in (26)

trlk] = B(hspxs[k — ] + hprxp[k — 7] + hgptrlk — 7] + nglk —1]) (27)
The instantaneous transmitted power is expressed as,
e{ltr[k]1?} = B2(lhsg|? + |hpr|? + [hgel®e{ltr[k — T]I*} + o) (28)

Considering the power constraint of Py at the relay and assuming that its transmitting power is e{|tg[k]|?} =
Pr = 1. Then,

p? = .

|hsgrI2+|hpRIZ+|hgRI%+0}

B = [lhsgl? + |hppl? + |hggl? + 02] 72 (29)
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where hgp is residual self-interference after interference cancellation. The received signal at node D
can be expressed as,
Sub equation (27) in (2)

Yplk] = hrp[B(hspxs(k — ) + hprxp(k — ) + hggtr(k — 1) + ng(k — 1))] + hpptplk] + np[k]
= Bhgp(hspxs(k — 7) + hprxp(k —T) + hggtp(k —T) + ng(k — 1)) + hpptp[k] + np
(30)

Since the node D know their transmitted symbols, the back-propagating self-interference can be
subtracted.

yplk] = Bhrp (hsgxs(k — ©) + hpgtr(k — 7) + ng(k — 7)) + hpptp[k] +np[k]
The instantaneous power received at these nodes are expressed as,

e{lyplk11?} = B?lhgp > (Ihsg|? + [hpel?elltr[k — 7112} + ) + |hpp|? + 05
Here the power constraint {|tg[k]|?} = Pz = 1

e{lyp[k]1?} = B?|hgp|*(Ihs|? + |hgg|?* + 6%) + |hpp |* + 05 (31)
Then the instantaneous SNR at the node D can be expressed as,

Yo == B IngolInsrl” i

B2|hrp|?(IhrRI*+0})+|hpD|?*+0]

|hrp|?|hsrI? (32)

lhppl?+a%
BZ

(lhRR|2+U}23)+
Similarly the instantaneous SNR at the node S can be expressed as,

Vs = B%|hgs|?|hpr|?
5 7 B2lhgsI?2(IhgrI2+03)+|hss|2+02
|hrs|?|hprl?
£ (33)

2 2
o Ihgsl2+a
|hRS|2(|hRR|2+UR)+7BZ 5

Then substitute equation (29) in (31) and (33). The instantaneous SNR of the AF based FD-TWR at
the node S and D can be expressed as,

|hgs|*|hpr|?
lhssl?+0%

Vs =

|hrs|?(Ihrr|2+03)+ 5 > 5 —
[[Ihsg*+lhpR|*+|hgr|*+o%] /212

Vs = YRSYDR (3 4)

" YrRs(YRRTD+(¥ss+1)(¥sR+YDRYRR+1)

Similarly at node D,

Yo = YRDYSR (35)

"~ YRD(YRRTD+(¥pp+1D(¥sR+YDRTYRRF1)

Equation (34) and (35) indicate that FD-TWR has more residual self-interference compared to FD-
OWR because all the nodes in FD-TWR operate in full-duplex mode, while only the relay in FD-OWR
operates in this mode. Thus, FD-TWR deteriorates the SNR of the received end-to-end signal.

The average rate for the AF based FD-TWR is defined as,

R = &{log,(1 + y5)} + e{log,(1 + vp)} (36)
Sub equation (36) in (34)
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_ x .y
=1 ([ x+yss+1 ——¢ 7rRse DR ) —
e{log,(1 +ys)} = — (f Iy R D+ Fss DG+ +TRrtD) Trs e YrRse Yprdxdy
Y e
0 (0o Vss+1 YRS -5 dxd .
fo fo x(yRR+1)+(y55+1)(x+y+yRR+1)yRSe e Yprdxdy ( )

From the above equation I ; and I, ,is,
Yy

_ (™ X+Yss+1 V

h _f fo xJ/+X(YRR+1)+(Yss+1)(x+)’+YRR+1) YRse e VDRdxdy
1 Tyee Vss+1
ha= f f YRs ¢ e yDR X(YRR+1)+(¥ss+1)(x+Y+VRR+1) dxdy
Then, 1; ; can be simplified in equation (38) in the bottom of the page.
- i

I x+ypr+1 Y

ha= fo fo A7+ D+2(c+7 L+ DT+ D -FLi+1)? VRse e VDRdxdy (38)

In order to obtain a tightly lower bound easily, the constant term —(y,; + 1)? can be discard in the
denominator.

X _Y

f .fmx+yu+1 j 71 e 7RS€ VDRdxdy

( X+yL+1 y+2(YLi+1) YRs

2 VLI+1)

 —— 2(FLi+1
ha=e "or E (220D) (39)
’ YDR
Then,

_ v

00 Yss+1
I, = Lo VRse “¥ordxd
12 fo fo X(VRRY1D+Fss+1)(x+Y+YRrr+1) YRS Y

Here, the residual self interference is assumed to be identical, then ys5 = Vrr = Vop = Y11

x y _
1 = =L +1
Ly=[" fwTe YRse YDR — YL — xdy
’ 0 YRS X(PLi+D+FL+ 1) (x+y+yL+1)
x  2x+ypHl 41
I =—f e Trse TprR E, (ML) gy
L2 1 YDR
_ (FLi+1) _ (FrLr+1) -
L] +1 LIS +1
L, = —YDR__ | o"2ygs E, (y%) —e YorR E; (Y_L) (40)
! 2YRS—VDR 2YRs YDR

Sub equation (39) and (40) in (37). The average rate of FD-TWR from destination to source

2(yL1+1) - - Yti
1 5 (2GutDY _ _ ¥Ypr 2y YLrtl)
{log, (1 +75)} > mz | ¢ R Ey ( YDR ) 2YRs—YDR (e TR By (2}7125)
YLit1 =
vor E, (L 41
¢ 1 ( YDR ) (41)
The average rate of FD-TWR from source to destination,
2(vL1+1) - = YL+t Yutt
1 7 2(yLi+1) YsR = YL+l y YL+l
— % — 2 y YLrTt-
eflogz(1+yp)} > mz | € S El( YSR ) 2YRD~VsR (e TEP Ey ( }’RD) e El( VSR )>
(42)
Then substitute equation (41) and (42) in (36).The average rate for the AF based FD-TWR is,
2(yLi+1) - 2(FLi+1 - - YL+l
pAF < L | JTypr 2(yLi+1) v 2L+ _ VbR 2y YL+l
Rsum = mz| R Ey ( YDR ) te Tor b ( VSR ) 2YsrR=YDR e*rsr by (ZVSR)
Yot - = YL+l - YLt -
VoR E Yutl) ) _ _ Vsr 2R E Yutl) _ yeg E yLitl 43
¢ L ( YDR ) 2YRD-YSR € . (ZVRD) ¢ ! ( VSR ) (43)
The average rate for the AF based FD-OWR s,
YRRT1
Yen(yrr+1)e YSR 51(%) VsRel/VDRE y;R)
RES = - 44
FD-OWR (In2)(vpr(YRR+1)~VsR) (n2)(vpr(YRR+1)~VsR) (44)

The AF based FD-TWR cannot achieve full time multiplexing gain, compared with FD-OWR,
because it also suffers from the residual self-interference at the two destination nodes.
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3.2.2 Outage probability

Let ¥4, = 2Rt — 1, where y,, and R, are the outage SNR and rate thresholds, respectively. Thus,
the outage probability of FD-TWR is defined as,

P&t = P{min(log, (1 + y5),10g, (1 + ¥p)) < Ren}

For the AF based FD-TWR, the integral domain for its outage probability consist of
Dy ={(xy)|0 <x<®,0<y<yu(u+1}

_ (7LI+1)(3Vth+(9ythz+4yth)1/2) < Yen(YLi+1)(x+¥Li+1)
Ds = {Ce ¥l 2 Sx <, x=2yen(YL1+1)
Then, the outage probability of AF based FD-TWR is given in (45).

Yth (7L1+1)(2x+7u+1)}
x=ytn(¥YL1+1)

<y<

venLitl) 1 _y ® 1 __x
Pé‘llft :f ——e VDR —e Vsrdxdy
0 Ybr o Vsr
Yen(PL+ 1) (2y+¥rr+1))
® 1y Y=Ytn(YLIi+1) 1 _x
+ ——e VDR —e Vsrdx dy
Yen(¥Lr+1) VDR 0 Vsr
o Yen(FLi+1)x+yii+1) .
x=Yen(¥VLI+1) - Y
1 _ - —e YSsR——e VDRdx dy
FLi+D)BYen+ (V3 +4yen)?) JYhFLt DOy LI+ g Ybr
7 x=2Yen(YLI+1)
(45)
From the equation (45) I, ; and I, , is represented as,
_ y x
Yen(VLi+1l) 1 —="— co0 1 —=—
L, = —e YprR | —e Ysrdxdy +
21 fo YDR fo YsrR Y
y  Yen(FLt1)@y+@Li+1) x
00 1 5 Y=Yth(YL1+1) 1 5
_ —e YDR —e Ysrdxd 4
thh(YLI'*‘l) YDR fo Ysr y ( 6)
Yen(FLi+1)@x+7p1+1) x y
— FLr+1 1 sl | —=—
L,=[" 1 FYerivLr —e VsR—-e 7prdxd 47
22 (FLI+1)BYep+(9vE+4v)2) Yer(FLI+DCAHVLIHD Pop YDR y (47)

> =2y (VLI 1)

Equation (46) can be written as,

— - 2 Yen(PLi+1)(Wsr+2¥DR) _ _ _ W4
L.=1—2 (Yth(YLI+1)(YSR+ZVDR))2 X e th LIVSLVS: DR < K. 2 (Yth(VLI+1)(VSR+ZyDR))2
21 YSRYDR ! YSRYDR
(48)

Equation (47) can be written as,
Yen(¥L1+1)(¥sr+2¥DR)

1 1
L, =2 (M)z e VSRYDR K, <2 (M)z) _

VSRYDR VYSRYDR

1 _ 2 _ _ _
L FLt)CrentOviraven?  _(_z Yen(@Yen+)Lit)” | ven(Vr+1)(¥sp+2¥pr)
2 2 e \TsR YDRZ YSRYDR dz —

Ysr "0 ) 1
2 (L @ru DD “)2)5 o eaTon) K, (2 (Vrh(znh+1)(7u+1)2)z> N

YSRYDR YSRYDR

1 - 2 - -
LItV en+OVER+47en)?) _< z_ Yen(2yen+1)(Fri+1) 1ym(yuﬂ)(zlfsze+VDR)>
2
e dz

1 YSR YDRZ YSRYDR

Ysr -0

(49)
From the equation (49) I,,, and I,,, is represented as,

1
Yen(VL1+1)(Psr+2¥DR) FLI+1) (Ve + OV 2 +4Y e1)2)
I,1<e YSRYDR x|1l—-e 2 (50)

1
Yen(L1+1)(27sr+YDR) (FLI+D) ¥ ep+ OV, +4yp)2)
z

I,,<e YSRYDR X|1l—e (51)

The outage probability of the AF based FD-TWR can be tightly upper bounded by,
Sub I, and I, , in equation (45)
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1 _ _ _ 1

- 2\3 Yen(¥Lr+1)(2¥sr+¥DR) _ 2\5

2yept1 +1)“\2 — 2Vin+1 +1)%\2

ng:t <1-2 (Vth( V_:h _)(YLI ) ) x e VSRVDR K (2 (Ych( Y_th _)(Vu ) ) +
VSRYDR YSRYDR
2 1 ) 1
(Lt D) entOven+aven)? Yen(¥Lr+1)(¥sr+2¥pRr) (YLr+1)(Yen+ Oy +4ven)?
1—e 2¥YsR —e YSRYDR 1—e 2YsR (52)

Where K,,(.) is the modified Bessel function of the second kind.The outage probability of AF based

FD-OWR is,
1 Yth(¥sp+VRD ¥ 1
pAFFD—OWR _ 1 _ o (Vm(hh+1)(}7RR+1))z % e : (YSR;Z:%:RRHD) x K (2 (Yzh(Vth+1)(7RR+1))2)

out VYSRYDR VSRYDR
(53)

The outage probability of the AF based FD-TWR is higher than that in FD-OWR. This is because
the residual self-interference generated at the destination nodes in FD-TWR deteriorates the SNR of the
received signals. This also reveal that time multiplexing can help to improve the average rate, but
simultaneously it also leads to a loss in the outage performance.

4,  SIMULATION RESULTS

In this section, the performance of the FD-TWR scheme is presented using MATLAB simulations.
The average rate and Outage probability of FD-TWR scheme are presented.

In Figure 2 the outage probability of the DF based FD-TWR and FD-OWR with PNC under the
outage rate threshold, R,, = 1 b/s/Hz is shown. In this FD-TWR achieves better performance than the FD-
OWR, because the DF based FD-TWR suffers from more severe residual self-interference than FD-OWR. It
is also shown that PNC can improve the outage performance of the DF based FD-TWR, because it enables
the relay to forward the signals with maximum power without performing power allocation, which improves
the quality of the relaying link. In this the loop interference can be varied with respect to 3 dB, 6 dB, and 10
dB.

L3 anaet FO THN st FO-OVWN

] . . X "
Shagal|

Figure 2. Outage Probability of the DF Based FD-TWR and FD-OWR

Figure 3 compares the outage probability of the AF based FD-TWR and FD-OWR. It is evident that
FD-TWR achieves better performance than the FD-OWR with PNC under the outage rate threshold of
R:;, =1bl/s/Hz.
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Figure 3 Outage Probability of the AF based FD-TWR and FD-OWR

= FD-TWR LI=10 a8
— FD-OWR U=10 dB
Y T

Figure 4 Average rate of the DF based FD-TWR and FD-OWR

Figure 5 Average rate of the DF based FD-TWR and FD-OWR

Indonesian J Elec Eng & Comp Sci, Vol. 9, No. 2, February 2018 : 526 — 538



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 537

Figure. 4 compares the average rate of the DF based FD-TWR and FD-OWR with physical layer
network coding. The results show that the DF based FD-TWR can achieve higher rate than FD-OWR.
Besides, PNC can improve the rate for the DF based FD-TWR in the low SNR region. In this the loop
interference can be varied with respect to L1=3 dB and LI1=10 dB. At 10 dB FD-TWR transmits 2.3 b/s and
FD-OWR transmits 1.6 b/s. Then at 3 dB FD-TWR transmits 3.8 b/s and FD-OWR transmits 3 b/s. The
average rate of the AF based FD-TWR and FD-OWR with physical layer network coding is compared in
Figure 5. The DF based FD-TWR can achieve higher rate than FD-OWR. The loop interference is varied
with respect to L1=3 dB and LI=10 dB and the performance is evaluated. At 10 dB FD-TWR transmits 1.6
b/s and FD-OWR transmit 0.7 b/s. Then at 3 dB FD-TWR transmits 2.4 b/s and FD-OWR transmits 1.6 b/s.

5. CONCLUSION

The outage probability and average rate of FD-TWR and FD-OWR using a physical layer network
coding was analytically derived. The performance evaluation was done for relaying protocols like DF and AF
schemes employing Physical network coding. The outage probability of the DF based FD-TWR and FD-
OWR with PNC under the outage rate threshold, Ry =1 b/s/Hz. In this FD-TWR achieves better
performance than the FD-OWR, because the DF based FD-TWR suffers from more severe residual self-
interference than FD-OWR. It is also shown that PNC can improve the outage performance of the DF based
FD-TWR, because it enables the relay to forward the signals with maximum power without performing
power allocation, which improves the quality of the relaying link. The outage probability of the AF based
FD-TWR and FD-OWR shows the FD-TWR achieves better performance than the FD-OWR with PNC under
the outage rate threshold. The results show that the outage probability of the AF based FD-TWR is higher
than that in FD-OWR. The AF based FD-TWR suffers from the residual self-interference not only at the
relay but also at the destination nodes, which deteriorates the SNR of the end-to-end link. The average rate of
the AF based FD-TWR and FD-OWR with physical layer network coding shows that the DF based FD-TWR
can achieve higher rate than FD-OWR.
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