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1. INTRODUCTION

Nowadays, the fifth generation (5G) network technology is the best solution for the near future
communication network. However, increase the energy efficiency of wireless communication networks is the
critical problem, on which are strongly depended the economic and ecological aspects of 5G networks.
For this target, two solutions are proposed and demonstrated. Firstly, the overall energy consumption of
future 5G network shall not exceed 10 percent of the current usage. Secondly, much longer battery life for
mobile devices is expected [1-7]. Significant technological steps would have to be taken shortly for this goal
to become a reality. Several candidate solutions have been proposed lately to meet the goals above.
Technologies based on radio frequency (RF) energy harvesting (EH) and transfer have recently been gaining
momentum. With these approaches, future wireless devices would have the capability of harvesting energy
from signals emitted either by ambient or dedicated sources [1-7]. In the last few years, radio frequency (RF)
energy harvesting (EH) as one of the promising techniques, has received much attention, since it can provide
unlimited power to the sensor nodes which scavenge energy from the environment (i.e., solar, wind, etc.).
Among these, RF energy radiated by ambient transmitters is almost ubiquitous, which can be harvested more
effectively from wireless RF signals. Since RF signal can carry energy and information simultaneously,
energy harvesting (EH) and simultaneous wireless information and power transfer (SWIPT) are becoming a
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more and more promising research direction [1-7]. In the last few years, the system performance of the

energy harvesting relay network has been considered in many studies. [8] investigated the full-duplex energy

harvesting relay network with simultaneous energy harvesting and information transmission. Moreover,

the development of cooperative protocols for energy harvesting relay network is deeply studied in [9-10].

Furthermore, [11-12] proposed a “harvest-then-transmit” protocol for a multi-user relay network.

In this work, the outage probability analysis of dual-energy harvesting relay network over Rayleigh
fading channel using Selection Combining (SC) and Maximal Ratio Combining (MRC) technique is
presented and investigated. For details on this analysis, the energy, and information are transferred from the
source to the relay nodes, and all channels are considered as the Rayleigh fading channels. The main
contributions of the paper are summarized as follows:

a) The system model of dual-energy harvesting relay network over Rayleigh fading channel and the
comparison between Selection Combining (SC) and Maximal Ratio Combining (MRC) technique cases
are proposed and investigated.

b) The closed-form expression of the outage probability for the SC case and the integral-form expression
of the outage probability for the MRC case is derived.

c) The influence of the main parameters on the system performance is demonstrated entirely by the Monte
Carlo simulation.

The structure of this paper is proposed as follows. Sections 2 presents the system model of the
relaying network. Sections 3 derives the system performance of the model system. Section 4 provides
numerical results and some discussions. Finally, Section 5 concludes the paper.

2. SYSTEM MODEL

In this section, Figure 1 plots the system model of the dual energy harvesting (EH) relaying network
over a Rayleigh fading channel with one Source (S), one Destination (D) and two helping Relay (R; and Ry).
Moreover, Figure 2 illustrates the EH and Information Transmission (IT) phases of the model system with
the block time T. In the first interval time (aT), the R; and R; harvest energy from the source signal, where o
is the time switching factor a € (0, 1). After that, in the (1-a)T/2 interval time, The S transfers information to
the R; and R;. In the remaining interval time (1-a)T/2, the R; and R, node transfer information to the D.
All the fading channels from S to R and R to D are proposed as the Rayleigh fading channels. More details of
the analytical mathematical model of the outage probability and throughput of the system model is presented
and analyzed in the following sections [13-25].

S~ /: EHatR: SR R >D
o~ SR R.>D
EH atR.

Information transmission Energy Harvesting
am - (EH) aT (1-0)T/2 (1-a)T/2

Figurel. System model Figure 2. The power splitting protocol

2.1. Energy Harvesting Phase
The received signal at R; can be expressed as

yr1 = hsr1 X+ nr1 (1)

Where x, is the transmit signal at the source and E{|XS|2} =P,, E{e}: expectation operator, P; is

transmitting power of the source, n, : the additive white Gaussian noise (AWGN) at the relay R; with zero-
mean and variance No.
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The harvested energy at R; can be given by

2

Er = aT?]F)S hsr
h 1 (2)
From (2), the average transmit power at R; can be obtained as
T 2
Pr == /uPs hsr
' (l-a)T /2 ' ®)

2 . . . . .
Where we denote ,uzlﬂ , 0<n <1 is the energy conversion efficiency and O<a <1 is the time

switching factor.
Similarity, the received signal at R, can be expressed as

yr2 = hsr2 X + nr2

(4)
Where n, is the AWGN at the relay R, with zero-mean and variance No.
The average transmit power at R, can be claimed as
. 2
Pr == IUPS hsr
2 (l-a)T/2 2 ©)

2.2. Information transmission phase
The received signal at D from the transmitted signal of R; and R, can be expressed as the
followings, respectively.

Yo, = hrldxrl +n,

Y, =hogX, +Ny

(6)

Where X, , X, are the transmit signal at the relay R, and R,, respectively. E{

Xr1

2} =P, and n, is the AWGN
at the destination with zero-mean and variance Nj.
After received the signal from S, the signal at the relay R; will be amplified by amplifying factor as

P

n h

Y, Ph

X

By

2
+N,

sh

U]

Substituting (1) and (7) into (6), the received signal at the destination from R; can be obtained as

yd1 = hrldﬂlyr1 +nd = hrldﬁl |:hsrlxs +nr1:|+nd

= Sl il oD il

signal noise (8)
The end to end signal to noise (SNR) ratio of S-R;-D link can be claimed as
. 2 2 2
E{|S|gna|| } hsr1 hrld Psﬁl2 (9)
' E{|noise|2} h.a BN, +N,

Using the fact that Ng<<P,q, then, substituting (3) and (7) into (9), the (9) can be rewritten as
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2 2

h A

st h
2
hrld

7
n=

rd

Y7, +1

(10)

Where we denote A = NP—S
0

Similarity, the SNR of S-R,-D link can be obtained as

h Flh [A

7
V2 ®

sry

h

r,d

2
+1

U

r,d

1)

3. THE SYSTEM PERFORMANCE
3.1. Selection Combining (SC)

In this section, we consider the diversity technique SC at the receiver. In this technique, the
destination will choose the best SNR between S-R;-D and S-R,-D link

Hence, the end to end SNR can be given by

Yere =MaX(7,7,) (12)

Substituting (10) and (11) into (12), finally, the end to end SNR at D can be rewritten as

2

2 2
h, | | A uhn A

2
hrzd

2
+1

7

s

h

Shy

h

sC
75, =max - ,
+1 y7,

H rd r,d

(13)
Outage probability OP) analysis

2

h,[a ulh

2

ulh

2
sry

h| A
2 <7
hrzd +1

2 2 2 2
H hsr1 hrld A H hsrz hrzd A
=Pr| ———— < [XPr| —————<,
ulhgl +1 ulhgl +1

=B xP,

sty

h.g

nd

+1 Y7

OP =Pr(r% <7s)= Pr{max[
u

(14)

Where y,, =2* —1 is the threshold and R is the target rate.
We denote as

2
h.| A
72“’ <%a |=Pr{|h P >
+1 A HAh
S R T (st (e
o I (i

2 'sr,
W | A :uA‘hr]d‘
i Vi . T
=|F (—+—|Xjf (Y)dy
.(l)‘ LN LAY Y

sty

h

h,4

nd

(15)

2

Where we denote X =|h, i Y =|h

Then the (15) can be obtained as
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i Yoo . T
R=1-4, exp{—/lsrl (;+—erxp —A.4Y )dY
, dl Ay (~AaY)

A 2 A
=1- 4, exp(_%%h]jeXp[_L@“j x exp(—/iﬁdY)dY

o1 M hg, ’ h.g 2, respectively.
Apply equation (3.324,1) of the table of integral [26], from(16) can be reformulated as

A A A ’l A
Pl——l—ZeXp[— errth s/ /i xKl[Z — A rld}/th]
a7

Where K, (o) is the modified Bessel function of the second kind and v order.
Similarity, Py, P, can be claimed as

A ’/1 A A A
Pz -1 ZGXD( s, 7th ]X sty 7 Mryd Vin % K{Z sr, 7'r,d Vin J

Finally, substituting (17), (18) into (14), the OP by using SC technique can be obtained as
the following

A A A A
OPSC — 1_2exp[_ sr17th \JX sn rldyth % Kl 2 s rldyth
A LA LA

& Ao A o A
x{l—zeXp(_ SrszthJX srz‘uziyth XKl{Z srzluzﬁ/m J}

3.2. Maximal Ratio Combining (MRC)
In this technique, the signal at the destination from S-R;-D and S-R,-D link will be incorporated.
Hence, the end to end SNR at the destination can be expressed as

Where A, , 4., are the mean of the random variable

(19)

2 2

*|h

2
MRC H hsr1 hrld A H hsr2 r,d A
}/eZe = 7/1 + 7/2 = 2 + 2
ulhg| +1 ulh | +1 20)
Outage probability analysis
OPyee =Pr (78S <74 )=Pr(+7, <)
7 Y TY
= [ f,(ndy [ f,(0dx
0 0
Yih
= [[F. (e = ¥)-F. @] f,(v)dy
0 (21)

Where we denote X =7,y =7,,and F,(5,) =Pr(x <y, )=Pr(» <7.)-
So, from (17), easily to observe that F,(0) =0.
Hence, (21) can be rewritten as the following
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Vn

OPyrc = [ F (7 —¥) ,(y)dy
0 (22)

In order to calculate the OP in (22), we have to find f (y). Based on the definition of probability
density function (PDF) and cumulative distribution function (CDF), f (y) can be obtained as

oF, (y)
fL(y)=———
oy (23)
Using (18), we have
A , ,
Fy(y):Pr(yz <y)=1_2exp[_ Zij srzluzdy Kl[ sr;;dyJ
(24)
. d ., v
Using the formula &(X KV(X)) =—x'K,,(x), from (23) can be reformulated as
22 A A, A A, A
fy(y) _ sr, xexp(— ST, ij sr, 7T, d y % K1 [2 sr, 7r,d y]
A AN A \ A
22, A A ,/1 A
+ srzArzd xexp(— szij KO [2 srzlu;dy]
g (25)
Combine (17) and substituting (25) into (22), the OP of the MRC technique can be claimed as
[1_2exp(_isq [}/th - Y]J>< ﬂ'sriﬂ"qd [}/th - y] « Kl[ ﬂ'srlﬂ’i [7th - Y] ]‘|><
A HA HA
Y lsr y sr rdy j'sr Zrdy
OPMR — 2« ex| 2 R ! 2 R dy
‘ I ( A J pA [ Vo ]
Zﬂ“;rjj'rz exp[ sZijKo [2 ﬂ“srz eryJ
(26)
Throughput can be calculated as
RA-a)T /2 Rl-a)
TscorMrCc = (1_OPSC0rMRC )Xf = (1_OPSCorMRC )X 5 (27)
4. NUMERICAL RESULTS AND DISCUSSION
In the simulation stage, we set that A, =0.5, 4, =1 4, =15 4, =2. The influence of the

energy efficiency coefficient 1 on the OP and throughput of the model system are plotted in Figures 3 and 4,
respectively. As shown in these Figures, we can say that the OP falls, but the throughput rises with the rising
n from 0 to 1. In this simulation step, we set R=1, 2 bps/Hz, A=5 dB and a=1. It can be seen that the
performance of the proposed system with SC technique is better than with the MRC technique and the
simulation results are the same as the analytical results. In a similar way, the OP and throughput versus the
time splitting factor a are shown in Figures 5 and 6 with 1=0.8, A=1, 5 dB and a=0.5. As shown in Figure 5,
the OP has a considerable decrease. The throughput rises when a varies from 0 to 0.5 and then fall crucially

Indonesian J Elec Eng & Comp Sci, Vol. 16, No. 2, November 2019 : 803 - 811



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 809

with o from 0.5 to 1 as plotted in Figure 6. The optimal value of the system throughput can be obtained at 0.5
of a as shown in Figure 6. Once again, the simulation and analytical results are the same.

Moreover, the influence of A on the Op and system throughput are illustrated in Figures 7 and 8
with 0=0.5, 0.85, n1=0.8 and A varies from -5 dB to 25 dB. Here, we can see that the OP significant decreases
and throughput rises with rising A. Also, the OP and system throughput versus R is drawn in Figures 9 and
10. It can be observed that the OP increases and throughput decrease significantly when the R varies from 0.5
to 2.5 bit/s/Hz. After that, the OP and throughput have slight changes when R increases from 2.5 to 5
bit/s/Hz. In all the above Figs, the simulation and analytical results agree with each other.
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5. CONCLUSION

In this paper, the system model of dual-energy harvesting relay network over Rayleigh fading

channel and the comparison between SC and MRC techniques cases are proposed and investigated.
The closed-form expression of the outage probability for the SC case and the integral-form expressions of the
outage probability for MRC case is derived. Moreover, the influence of the main parameters on the system
performance is demonstrated entirely by the Monte Carlo simulation. From the results, we can see that all
simulation and analytical results match well with each other. This paper provides a novel recommendation
for the communication relaying network shortly.
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