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1. INTRODUCTION

Nowadays, wireless-powered communication networks (WPCN) is the best solution for overcoming
energy harvesting limitations in wireless-powered communication with the considerable demand for energy
in energy-constrained wireless networks. Because human-made radio frequency (RF) can carry both energy
and information, WPCN is considered the leading solution at our time [1]-[6]. In this time, many researched
focus on the efficiency of the WPCN and its solution. Nguyen et al. studied the outage probability between
some points based on the tradeoff fundamental, and [8] proposed and designed the practical receiver for
energy and information transmission and its advantages for the communication network. Furthermore,
Liu et al. [9] presented and demonstrated the practical energy harvesting communication network, and [10]
proposed and investigated the continuous energy and power transmission in the cognitive relaying
communication network. Moreover, the time switching and the power splitting protocols design for the
communication network and the comparison between them are proposed and investigated in [11]-[15].

In this paper, the one-way decode-and-forward (DF) full-duplex relaying network system with
presence of direct link is investigated. In the analysis section, we derived the exact, lower, and upper bound
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for outage probability (OP) with maximal ratio combining (MRC) at the receiver. Furthermore, the system
performance's analytical expressions are verified by using the Monte Carlo simulation. In addition, we
investigated the effect of the main parameters on the OP of the proposed system. Finally, we can sate that the
simulation curves overlap the analytical curves to convince the analysis section.

2. SYSTEM MODEL
In this section, Figure 1 proposed the system model. The energy harvesting (EH) and information
transferring (IT) phases are drawn in Figure 2 [16]-[20]. Assume that all of the channels are Rayleigh fading,

2 | hep |* and | A, [* are exponential random variables (RVs) whose cumulative

hence the channel gains |hSR

distribution function (CDF) are given as;

E, o (¥)=1-exp(~/xx),
(%) =1=exp(~Agpx), (1)

Vel

F‘hm‘2 (x) =1-exp(—Ax)
To take path-loss into account, we can model the parameters as follows:

Asr = (dsp)*, Agp = (drp)*, Asp = (dsp)* (2)
The CDF is expressed as;

F|f|2(x) =1 — exp(—Aggx). 3)

Then, the PDFs of |hgg|?, |hgp|? , |hsp|?and |f|? are expressed, respectively as;

f\hsk\z (x) = A exp(_ﬂsrzx)s
f\h,w\z () = Arp €Xp (=) @
f“hxn‘z (x) - ASD exp(_ASDx)’
fm2 (x) = Agg exp(—ApeX)
EHatR
PP
) IT: (1-p)P;
& S—>R—>D
S D
——  EH Phase — —  IT Phase T
Figure 1. System model Figure 2. The EH and IT phases
The received signal at the relay can be expressed as;

Yr =+ 1= phspxs + fxg +ng (5)

The average transmitted power at the relay can be given as;
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Py _anpPsthRlz (6)

where 0<7<1: energy conversion efficiency (which takes into account the energy loss by harvesting

circuits and also by decoding and processing circuits). The received signal at the destination in the first phase
can be given by;

Yp = hgpXgp +Np (7N

where 7, is the AWGN with variance No.

Here, in our model, we adopt the decode-and-forward (DF) protocol. Hence, the signal to
interference noise (SINR) at the relay node from (5) can be given by;

_ (1-p)Pslhsgl?
R Ir1zPg+Ng ®)

Substituting (6) into (8) and using the fact that No<<Ps, we have:

_ __(-ppslhsrl?  _ 1-p
Yr = 21712 ~ 2 (9)
npPslhsrl?|fI?+No  mplf]

From (7), the SINR at the destination can be obtained by;

hrpl?P Ps|hsg|?|hrp|?
yp = PAEIR = WBUSLRIDL = oo | | g (10)

P
where @ = —-
0
Next, the destination will also receive the information directly from the source. Therefore, the SINR
in this phase can be expressed by;

Yairect = (DthDlz (11)
Finally, using the MRC technique at the receiver, the overall SINR of the system can be claimed as;

. . 1-
VI@II;C = min(Yr,¥p) + Yairece = min (m.npfblhmlzlhmlz) + (DthDlz =X+Y (12)

. 1-
where X = min (npl;)lz,np@hSRIzlhRDlz) and Y = @|hgpl?

3. OUTAGE PROBABILITY (OP) ANALYSIS
3.1. Exact analysis
The OP of the system at the source destination can be defined as;

OP = Pr(yhhic <ve) = PriX +Y <yu) = [/ Fx(ren — )y 0)dy (13)

where 7, is the predetermined threshold of the system. To find the probability in (13), we have to calculate

the cumulative distribution function (CDF) of X and the probability density function (PDF) of Y. So, the
CDF of X can be found as;

Fy(x) =Pr(X <x)=Pr (min (r’j)l_—f/]z,nptI)thRlzlhRDlz) < x) (14)

By denoting T = |hSR|2 |hRD|Z and Z = |f|2 , in (14) can be reformulated by;
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Fx(x) = Pr (min (255, np® s hap ?) < x)
=1-pr(;2 ">x)Pr(npcb|h5R| o ” = x) (15)
_,_z

Iz

Iq

From (3),, can be calculated as;

Next, I, can be found by;

I, —Pr(npd)|hm| || >x =1- Pr(anDIth| oo | <x)

©

1= -([ Vi

2 | RD|2 =yJthRDz(J’)dy (17)

X
meIhRDI J [ 70 |

RDyJ

By applying equation (3.324,1) of [21], in (17) can be reformulated by;

R (2 /W_RDX) (18)
np® np®

where K, (®) is the modified Bessel function of the second kind and v order. Substituting (17) and (18) into
(15), we obtain:

Fy(x) =1—-2 {1 — exp (— AR;SX“’))} x /lsf;i{;l’" x K, (2 /71552?::) (19)

Next, the CDF of Y can be found by;

=1- Pr[|hSR| <

= Aap ]2 exp[

0

R0 =Py <) =Pe(®fho ] <) =Pr{Jof <2

(20)
Aspy
— 1 SD
exp[ o )
From (20), the PDF of Y can be obtained by;
oF, A A
£y =22 = gexp[—%yj e

Substituting (19) and (21) into (13), finally, the OP in exact form can be claimed as;

Vin

OP = [ F\ (7, =) f, (n)dy

= l—exp(—%j—%yjﬁ {l—eXp[_Mj}xexp(—%jA(J/)xK} (2A(»))dy

0 Py =)
where A(y) = \/@
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3.2. Lower and upper bound analysis
It is easy to observe that (22) is very difficult to calculate in a closed-form expression. Hence, in this
section, we will perform the OP of the system in lower and upper bound forms. From (12), we can compute as;
2min(X,Y)< X +Y <2max(X,Y) (23)

Therefore, the OP of the system in lower bound form can be given by;

OPyp = Pr[min(X,Y) <] =1 - pr (X > 1) pr (v > 122) (24)

Py Py

From (19), P, can be calculated as;

P,=1-Pr (X <) = {1 — exp (— “22;:”))} x “S‘;’;';f“h x K, ( —”5:1‘35“’1) 25)

Next, P, can be found by;

P, =1—Pr(Y<%j=exp(—%j (26)

Substituting (25) and (26) into (24), we claim:

or = 1= e (-) - e (- 25552 x [ [EE) e

Similar to the above, the upper bound OP of the system can be computed as;

OP, = Pr[max(X,Y) < %’1} - Pr(){ < %)Pr[y - %)

= 1—{1_exp(_ Zﬂ’RR (1_p)J}X 2ASR1RD71h XKI ZJ’SRJ’RD}/M (28)
NPV \ e np®
« {1 _ exp(— AspVun j}
20

4. NUMERICAL RESULTS AND DISCUSSION

The model system's system performance is investigated using Monte Carlo simulation, as shown
in [22]-[27]. The OP as a function of the energy coefficient n is drawn in Figure 3 with the main system
parameters as ymn=1, y= 3dB, and p=0.3. In this figure, we considered the exact, upper, and lower bound
analysis of the system OP. The results show that the system OP decrease with the increase of the energy
coefficient. In the same way, the system OP versus vy, is illustrated in Figure 4, and we set n=0.8, ®=7dB,
and p=0.8. The system OP has a significant rise while yg varies from 0 to 6 as shown in Figure 4 for all cases
with exact, lower, and upper bound. From Figures 3 and 4, the simulation and the analytical values agree
well. Moreover, the system OP versus @ and p are presented in Figures 5 and 6, respectively. We set yn=1,
n=1, and p-0.5 for Figure 4, ®=5 dB for Figure 5, respectively. From Figure 6, it can be stated that the
system OP falls while y rises from 0 dB to 20 dB. The system OP has a slight fall with p varies from 0 to 0.5
and then has a rise with the remaining values of p. The maximum value of the system OP can be obtained
with p=0.5, as shown in Figure 6. Once again, the simulation results agree with the mathematical, analytical
results, as in Figures 5 and 6.
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Figure 6. OP versus p

In this paper, the one-way DF full-duplex relaying network system with presence of direct link is
investigated. In the analysis section, we derived the exact, lower, and upper bound for outage probability
(OP) with maximal ratio combining (MRC) at the receiver. Furthermore, the system performance's analytical
expressions are verified by using the Monte Carlo simulation. In addition, we investigated the effect of the
main parameters on the OP of the proposed system. Finally, we can sate that the simulation curves overlap
the analytical curves to convince the analysis section. This research can provide a novel recommendation for

the communication network.
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