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1. INTRODUCTION

In the last decades, the proliferation of cellular networks and wireless sensor networks, have
demanded the higher quality of power supply from the source node to wireless devices. In the conventional
method, wireless devices are generally powered by batteries, which have to be replaced/recharged on time
manually. In the communication network, the process of battery replacement can be linked to some
disadvantages such as inconvenient, infeasible for some applications [1-4]. In the last decade, one of the best
ways to transfer energy in the communication network is using RF signals. In the last time, the system
performance of the energy harvesting relay network has been considered in many studies. Such as, [5]
investigated the full-duplex energy harvesting relay network with the simultaneous energy harvesting and
information transmission. Moreover, the development of cooperative protocols for energy harvesting relay
network is deeply studied in [6-7]. Furthermore, [8-9] proposed a “harvest-then-transmit” protocol for a
multi-user relay network. In all papers above, the energy source of the whole network is only the source or
the access point. In the trends to improving the energy harvesting and information transmission processes in
the wireless relay network, some researchers proposed the idea of deploying dedicated power beacon node
(PB). In the wireless relay network with using the PB node, the destination (D) can harvest wireless energy
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not only from the source (S) node but also from the deployed PB node [10-11]. For this new model, the
question about system performance is still open and is necessary to investigate. However, there are not many
works concentrate on the Rician fading channel yet, and the outage performance analysis of such channels is
fundamental to practice. The remaining gap can fill by this work.

In this work, we propose and demonstrate the system performance of the EH DF HF relaying
network in the case of maximizing and non-maximizing ergodic capacity. For details on this analysis, the
energy, and information are transferred from the source to the relay nodes by the power splitting protocol,
and all channels are considered as the Rician fading channels. The main contributions of the paper are
summarized as follows:

1) The system model of the half-duplex relaying network over the Rician fading channels is proposed with
the PS protocol.

2) The mathematical expressions of the ergodic capacity in cases maximize, and non-maximize of the
system model are derived.

3) 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 Il presents the system model of the
relaying network. Sections 111 derive the analytical expression of ergodic capacity in cases maximize and
non-maximize of the model system. Section IV provides the numerical results and some discussions. Finally,
Section V concludes the paper.

2. SYSTEM MODEL

In this paper, the system model is the energy harvesting half-duplex (HF) decode-and-forward (DF)
power splitting (PS) protocol relaying network, as shown in Figure 1. In this model, the information is
transferred from the source (S) to the destination (D), through energy constrained intermediate relay (R). The
energy harvesting and information processing of the system model with PS protocol are proposed in Figure 2.
In this scheme, T is the block time in which the source fully transmit the information data to the destination.
In the first interval time (T/2), the relay harvests energy (pT) and receives information ((1-p)T) from the
source signal, where p is the power splitting factor p € (0, 1). In the remaining half-time T/2, the relay node
transfers information to the destination node. All the fading channels from S to R and R to D are proposed as
the Rician fading channels. More details of the analytical mathematical model of the ergodic capacity of the
system model is presented and analyzed in the following sections [12-16], [18].
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Figure 1. System model Figure 2. The power splitting protocol

3. THE SYSTEM PERFORMANCE

In this section, we analyzed and demonstrated the system performance analysis of the model system
in the power splitting protocol [12-14]. In the first transmission phase based on the above system model, the
received signal at the relay can be given by (1):

1
yr :W (1_p)hxs +nr (l)
1

where h is the source to relay channel gain, d; is the source to relay distance, and m is the path loss exponent.
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Here, x, is the transmitted signal at the source, n, is the additive white Gaussian noise (AWGN)
with variance No and O0< p<1 is power splitting ratio at the relay. Moreover, E{|xs|2}:Ps, E{.}:

expectation operator, and Ps is average transmit power at the source.

__E,_npPI((T/2) _neR]nf @
" d"(T/2) d"(T /2) dr

In (2), 0<n <1 isan energy conversion efficiency coefficient.

In this system model, we proposed that the model is working in the decode-and-forward mode. Then
the signal to noise ratio (SNR) at the information processing phase of the relay can be calculated by:

_@-p)Rf )

SNR,,
' dlm NO

From the equation (3), the capacity of S-R link can be calculated as:
d"N,

1-p)P, ||’
C., =%Iogz(1+ SNRSJ):%IngllJFM} “

In the same way, the received signal at the destination in the second phase can be expressed as:

gx, + 1,

1
Yo = o O
\/g ©)

Xr
Where g is the source to relay channel gain, d2 is the relay to destination distance, and {l | }

By combining with the equation (2), the SNR of the destination can be expressed as:

Rlal’ _noR Il |gf

SNR s = 4nN. = dmdrN
2 0 1 2 0 (6)

The capacity of R-D link can be calculated as:

1
Cr,d =E|ng [l %]
’ (7)

In this analysis, we consider h, g gain factor as Rician fading channel, and h,g have a random
distribution. From that, the probability density function (PDF) of a random variable (RV) # where i=1,2 is

formulated as in [14].
Where 1 :|h|z P2 :|g|2

(bK)' e
f, (x)= az
(Im? ®)
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(K+)e ™ = K+1

Where we denote a =

2 2
| . | B} E{lo]
In (8), 4, is the mean value of RV ¢, which i =1,2 respectively and 4, = " A, = I
1 2
Moreover, K is the Rician K-factor defined as the ratio of the power of the line-of-sight (LOS) component to
the scattered components and 1, () is the zero-th order modified Bessel function of the first kind.

Here, the cumulative density function(CDF) of RV ¢, where i=1,2 can be computed as in [14]. We
assume that 4, = 4, , then we have:

F.(c)= _[f (X)dx = 1——22“ ngbe

bz ||I’l|

®)

3.1. Maximize capacity Case
For decode-and-forward relaying the overall Ergodic capacity and SNR from source to destination
can be written as follows:

1-p)P, ||’
Cpe =min(C,,,C, ;) =min 1Iog2 1+M ,llog2 14+ 1PR00,
2 "N, |2 d"dIN, ©

(10)

2 2 2
SNR = min(SNR, | SNR. ) = min| =R 7oP Il g
' ' dlmNO dlmd;]NO

In equations (9) and (10), we can obtain the following value of p maximizes the C,. and the same
for SNR™ as the following:

(11)

Proof: See the Appendix A.

3.2. Non-maximize capacity case
In the case non-maximize capacity, we can calculate the ergodic capacity as:

1 J- SNRS (7)

C..=— 12
T In2 1+y (12)

1y, ()
1 SNR, 4 \V

= 13
rd In23 1+y (13

From these equations, we have:

(1_:0)Ps|h|2 J
d"N,

P(% ydy" ]:p[ ydy" ]
-0 ) “LA=-p)r,
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From the equation (8), we have:

}/d m o L K'p" }/d m N byl
F, [_1 J _ ZZ {—} e G (15)
|

- 0)7, s 1In! | (- )7,
2 2
neP|h"|g drdm
Faw, (/) =Pr(SNR., <7)=Pr %<7 :Pr[¢l<7/1—2j (16)
dl dz N, npy @,
“ dmdr
Faw, ()= F (7 2 m]f (¢,)do, (17)
0 1Py P,
Similarity,
o o | Kl+kbn+k—lw }/dmdm n 7byd{"d§‘
F (y)=1-a’ L2 | g % gk (g (18)
;anZ,.n.(k.) J oY, ? ?
w o | Kl+kbn+k—l dmdm L 7b7dﬂ1md£"
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Apply [3.471,9] of table of integral [17], we have:

k+n+1
w o | Kl+kbn+k—l )/dmdm 2 }/d d
For (7)=1-2a? ( 172 ] xK, ...|2b (20)
o ;gz InikH* { o2, o npYs

Replace (15) into (12), (20) into (13), finally we have:

© w | n-1 m n _ bydy
C., :ij 1 z Kb |: A :| e &Pl dy (21)
' 20 1+7) 1=0 n=0 I'n! (1_/7)70
k+n+1

2a2 o 1 w o | I+kbn+k -1 d d 2 dmdm
Cr,d J. Zzz | (k1 (7/ ] X Kk—n+1 2b 71—2 e (22)

In24 (L+y) TS5 IInikY* 707, 1PYo
Coe =min(C,,,C, ) (23)

4. NUMERICAL RESULTS AND DISCUSSION

In this section, the Monte Carlo simulation is used for validating the analytical expression in the
above section. The system performance in term of ergodic capacity is analyzed and demonstrated in
connection with n, di=d,, Ps/No and K. We consider a network with one source, one relay, and one
destination, where source-relay and relay-destination distances are both normalized to unit value.

The effect of Ps/No for the power splitting protocol on the ergodic capacity of the proposed relay
network system is presented in Figure3. Figure 3 plots the ergodic capacity of the system model for
maximize case and for a non-maximize case with the power splitting factor of 0.2 and 0.5. In Figure 3, we set
the system parameters as di=0.65, d>=0.85, n=0.8 and K=2. From the results, the analytical and the
simulation results match for all possible values Ps/No. Figure 4 shows that the ergodic capacity has a
considerable increase while Ps/No increases from 0 to 30. Moreover, the ergodic capacity in maximize case in
better than others cases.

Furthermore, the ergodic capacity of the proposed system versus d;=d; is illustrated in the Figure 4
with Ps/No=20 and K=2. From the results, we show that the ergodic capacity decreases significantly with
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increasing the distances di=d, from 0.5 to 1.5. It can be prove by the opinion that the strength of the RF
signal decreases in the direction of increasing transmission distance between S, R and D. All the analytical
and simulation results are agree well with each other. In the same way, the influence of K on the ergodic
capacity of the system model in both maximize and non-maximize cases is proposed in Figure 5. In Figure 5,
we set Ps/No=10, p=0.3 and n=0.8. From the results, the ergodic capacity in all cases has slight increase in the
increasing trend of the K from 0 to 4. Finally, Figure 6 illustrates the effect of 1| versus ergodic capacity with
the main parameters of Ps/No=20, K=2, and n=0.8. The ergodic capacity increases remarkably while n
increases from 0 to 1. The results show that all simulation and analytical results are matched well with each
other. Moreover, the ergodic capacity in case maximize is better than the remaining cases.
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5. CONCLUSION

In this paper, we investigate the system performance of the EH half-duplex DF relaying network
over the Rician fading channel in power splitting protocol. For performance analysis system, we derive the
analytical expressions of ergodic capacity for both maximize and non-maximize cases. The Monte Carlo
simulation is used for validating the analytical method. The results show that the analytical mathematical and
simulated results match for all possible parameter values for both schemes and the maximize case provides
the better results in comparison with the non-maximize case of the ergodic capacity. The results could
provide the prospective recommendation for the communication network in the near future.
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APPENDIX A.
We can see that C,. is maximized when all of its argument becomes equal. Hence, the value of o, can be

obtained by equating Cs, to C, 4. Replace (12) into (11) we have:

NP, _ n7.PPs (A1)

[Zﬁz +1jd1md£nNo 77502d1 +dl dZ
2

SNR"" =

S

Where we denote y, = —-
0

Then the Ergodic capacity can be calculated as:

1 21-F DF(7)
Cor =] for (100, (L+ )y == [—22""=dy (A2)
0

1+y

O'—;S

(A3)

7

7 PP:
Foeor (7) =Pr(SNR™ < ») = ( o2 o yj
! 1709

ne,d" +d;"dy)
d" +d/"d; d;" +d"d;
=P{(pl 7(77% ):| F |:7/(77¢2 )| 2:|f¢2((02)d(02
70%P>

Where y is a threshold of the system.
Furthermore, from the equations (3), (4) we have:

a2 &L K'D" d" +drd™ T
FSNRDF (7)21_."_22 7 (n9,d; ,dy)
0 b o 1In! Y0P,

=0 (Ad)
b7(n¢2d1m+d1mdm)} (BK)' | 4
exp| — (o *do,
{ 7o 2 l')2 ’ ’
© oo w | l+kpn+k-1 n m "
o e
0 1=0 k=0n=0 2
(A5)

-0
eXp|: b?’(ﬂ("zd +d m ;n) *bWqu)
7,9,

n

n
In this analysis, by applying the equation (x+y)" = Z(t Jx”' y' to (20), the outage probability can be

t=0

demonstrated as follow:

©

© o | n Kl+kbn+k1 }/d gr t byd" bydf'd; .
2 . . -
Faer (N =1-[a"3 3> < Tini(kD)? [ j(t]( 2 je Te e e (9
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F. wor =l-a%e 2 g 7 g7t A7
SNR (7/) sz:nZ:[ = Iltl(n t)'(kl) ( j [ ?7 J _[l]‘q)Z (Pz ( )

Apply the equation [3.471,9] of table of integral [], we have:
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k—t+1
by ==
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Where K, (o) is the modifed Bessel function of the second kind and v*" order.
Finally, we have:

k+t+1
2a2 o o | n Kl+kbn+k—1 dm
C,. = SEEANE
o iz s A T 01k
2n+k—t+1
b7d1 (AlO)
d" 2 d"d;
(ylj k[+1 2b 7 &
T\ % 7
| dy
o 1+y
End of Proof.
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