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1. INTRODUCTION

Radio frequency (RF) signals can carry both information and energy can be considered as the main
electrical sources in communication network, called wireless powered networks (WPNs) [1]-[10]. In [11],
authors studied the outage probability between some points based on the tradeoff fundamental, and [12]
proposed and designed the practical receiver for energy and information transmission and its advantages for
the communication network. Furthermore, the authors in [13] presented and demonstrated the practical energy
harvesting communication network, and [14] 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 [15]-[18].

This paper proposed and investigated the one-way amplify-and-forward (AF) full-duplex relaying
network under impact of direct link. For the system performance analysis, the exact and lower and upper bound
form of the system outage probability (OP) are investigated and derived. In this system model, authors assume
that the E uses the maximal ratio combining (MRC) technique. Finally, we can see that the analytical and the
simulation values overlap to verify the analytical section using the Monte Carlo simulation. Also, we
investigate the influence of the system primary parameters on the proposed system OP.
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2. SISTEM MODEL
In Figure 1, we illustrated the system model of the peoposed system and the energy harvesting (EH) and
information processing (IT) phases are illustrated in Figure 2 as in [19]-[25]. In this model, all of the channels are

Rayleigh fading. Then the CDF of the channel gains |hSR ? s | hep [P and | A, |* can be formulated as (1).

Flepiz(0) = 1 — exp(—Aspx),
F|hRD|2(x) =1—exp(—Agpx),

Flepz(x) =1 — exp(—Agpx) (1)
Here, we assume (2)

Asg = (dsp)¥, Arp = (drp)*, Asp = (dsp)* (2

then we have (3).

Fir2(x) = 1 — exp(—2AggXx) 3)
Finally, the PDFs of |hSR|2, |h1w|2 and | f |2 can be given as the follows

fingriz (¥) = Asp exp(—Aspx),

f|hRD|2(X) = App exp(—Agpx),

f|h5D|2(X) = Asp exp(—Aspx),

f|f|2(x) = Agg €xp(—Aggx) 4)
7
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Figure 1. System model Figure 2. The time switching protocol
2.1. Energy harvesting and Information transmission
The received signal at the relay can be expressed as

Yr = hspXs + fxg + ng %)

The average transmitted power at the relay can be computed as the following

E,
Pr = ir = 1og Brlhsel* = kP g (6)
no . . o .
where Kk = —— . The received signal at the destination can be given by
-«
Yp = hrpXg +1p (7
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where 7, is the AWGN with variance No. The amplification factor are formulated as the (8).

XR PR
—_— — —_— 8
B YR \} lhsrIZPs+|f12PR+Ng ®

From (7) and combining with (5), we can obtain:
Yo = hrpBYr + np = hrpBlhsgXs + fxg + gl + np

= hpphsgXsB + hppBfxg + hrpBng + np

signal interference noise

After doing some algebra, the end-to-end signal to interference noise (SINR) can be obtained as (9),

Pylhsg|?|hpp|?
E{|signal|?} 3 If12
E{|inteference|?} + E{|noise|?} ~ NoP,|hsg|?
PplfI?

SINR, =
+ Prlhgp|? + Ny

k®|hsg|*lhrp|?

= )

k2®|hsr|?|hrp 1?1 f12+Klf |2 +1

where ® = —- . Next, the destination will also receive the information directly from the source. Therefore, the
0

SINR in this phase can be obtained by (10).

Yairect = (DthDlz (10)

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

k®|hsr|?|hrp|?
k2@ |hsp|?|hrp 12| f12+K|f12+1

Yitke = SINRap + Vairect = +@lhsp|> =X +Y (11)
k®|hsgl?|hrp|*

and Y = @|hgp|?.
k2®|hsr|2|hrp 2| f12+K|fI2+1 |Aspl

where X =

3. SYSTEM PERFORMANCE ANALYSIS
3.1. Exact analysis
The System OP at the source destination can be defined as (12),

OP = Pr(yifhe <vu) = Pr(X +Y <vu) = [J" Fx(Gen — Mfr 0)dy (12)

where y,, is the predetermined threshold of the system. To find the probability in (12), 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 (13).

_ _ k®|hsg|?|hrp|?
Fy(x) = Pr(X <x) = Pr (x2¢|hSR|2|hRD|2|f|2+x|f|2+1 < x) (13)

By denoting T = ||’ |Aiy|" and Z = |/, the (13) can be reformulated by (14).

Kk®T >

F. =Prl——<
x () r<K2¢’TZ+KZ+1 x
= Pr[k®T < x(k?*®TZ + kZ + 1)]

= Pr[T(k® — k?®Zx) < x(kZ + 1)]
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Pr[T x(KZj;;]f —

1i Z>—
i KX

L x(kZ+1) ©
Je& Fr (m 1Z = Z) f2(2)dz + [1 f(2)dz (14)

From (10), the CDF of random variables (RVs) T can be computed by (15).

Fr(t) = Pr(T <t) = Pr(|hsg|*|hgp|* < t)
= f Fipgg2 <|h 2 |1hrp|® = y) fingoi2 Ay
0 RD

[e9) t
= 1= 2o J exp (~Arpy — 22) dy (15)
Applying equation (3.324,1) of [23] as shown in (15) can be reformulated by (16),

FT(t) = 1 - 2 X WIASRARDt X Kl(ZWIASRARDt) (16)

where K (®) is the modified Bessel function of the second kind and v order. Applying (16) for (14), F,(x)
can be obtained by (17).

L AsrARDX(Kz+1) AsrARDX(K2z+1)
Fy(x) = 1= 2Apg X [ exp(—Agpz) X /% x Ky |2 % dz (17)
Next, the CDF of Y can be found as (18).
2 2 y
Fy() = Pr(Y <y) = Pr(®lhspl® <) = Pr(lhsp? < 7))
yl
= 1—exp( S;’y) (18)
From (18), the PDF of Y can be obtained by (19).
aF yl 2
fo(y) = TE2 = 250 op (2522 (19)
Substituting (17) and (19) into (12), finally, the OP in exact form can be claimed as (20),
Ytn
0P = [ Ex(ra = A )y
0
N
2 2ARRXA en-
=1—exp (_ sz;}'th) _ RR; SD J‘OYth fo th=) exp (_ARRZ _ sny) X Y(y,z) X
K,[2Y(y, z)] dydz (20)
_ |AsrARD(Yth—Y)(kz+1)
where Y(y, z) = \/ Kkd—Kk2Dz(yen-y)
3.2. Lower and upper bound analysis
From (11), we can compute as (21).
2min(X,Y) <X +Y < 2max(X,Y) (21)
Therefore, the OP of the system in lower bound form can be given by (22).
0Py = Prmin(X,V) <X = 1 - Pr(x 2 1) pr (v > 122) (22)

Py Py
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From (17), P can be calculated as (23).

P1=1—Pr(X<y2ﬂ)=2/1RRx

2
KYth AsrRARDYen(kz+1) AsrARDYth(kz+1)
— X [RERPTA T ow LonRZRDYthANT2 " 7
fo exp(—Aggr2) / P———r— K2 P———— dz (23)

Next, P> can be found as (24).

P11 <18 = e (-2 =

Substituting (23) and (24) into (22), we have:

A
OP,p = 1— 2App X €xp (— Sé’;”‘)

2
KYth _ ASRARDYth(kZ+1) ASRARDYth(kz+1)
X fo exp(—Agrz) X ’—2K¢—K2¢Zyth x K, (2 ’—ZK‘D—KZ‘DZYth ) dz (25)
Similar to the above, the upper bound OP of the system can be computed as (26).

OPys = Pr[max(X,¥) < 2| = Pr (x < Z%) pr (v < 722

2

=<1- ZARR X f’cyth exp(—lRRZ) X\/
0

AsrArpYen(kz + 1) y p AsrArpYen(kz + 1)
2k® — K2 Dzy,y, ! 2k® — kK2 Dzy,y,

x{1 - exp (- 2o222)} (26)

4. NUMERICAL RESULTS AND DISCUSSION

The system OP versus a is shown in Figure 3 with n=1, yth =1, and ® =7 dB. The results show that
the OP of the model system has a massive decrease with the rising of o from 0 to 0.45 and the has a considerable
increase when o rises to 1 in three cases with exact, lower and upper bound analysis. The maximal value of the
system OP can be obtained with a=0.45. Furthermore, the OP is considered as the function of v, as shown in
Figure 4. Here we set n1=0.8, 0=0.25, and ® =5 dB. Here, yu increases from 0 to 6, as shown in Figure 4. As
shown in Figure 4, the system OP increases significantly when P rises in three cases with exact, lower, and

upper bound analysis. From Figures 4 and 5, the analytical and the simulation curves overlap each others as
shown in the analytical section.

OP versus a with y = 1,7, =1and & = 7dB OF versus ~,, with 7 = 0.8,a = 0.25 and & = 5dB
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Figure 3. OP versus a Figure 4. OP versus yi
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Furthermore, the system OP versus n and @ are investigated in Figures 5 and 6, respectively. In
Figure 5, the main system parameters are set as 0=0.75, ym =1 and ® =5 dB, and in Figure 6, we set 0=0.5, yn
=1, and n=1 respectively. From Figures 5 and 6, it can be observed that the system OP has a slight increase
with rising 1 from 0 to 1 and has a massive decrease when ® varies from -5 to 15 dB, respectively. Also, the
simulation and analytical values agree to justify the analytical section.

OP versus 5 with T = 1,00 = 0.75 and & = 5dB OP versus & with -r‘_h-1 =05 and 5=1
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Figure 5. OP versus n Figure 6. OP versus ®©

5.  CONCLUSION

This paper proposed and investigated the one-way AF full-duplex relaying network under impact of
direct link. For the system performance analysis, the exact and lower and upper bound form of the system
outage probability (OP) are investigated and derived. In this system model, authors assume that the E uses the
MRC (maximal ratio combining) technique. Finally, we can see that the analytical and the simulation values
overlap to verify the analytical section using the Monte Carlo Simulation. Also, we investigate the influence
of the system primary parameters on the proposed system OP.
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