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Abstract—Wireless devices become useless in an absence of
energy and become unable to contribute to the utility of the
network as a group. Using a convenient and inadequate energy
source for empowering the wireless devices is an attractive idea.
However, Wireless Powered Communication (WPC) combined
with information transmission depends on many issues. In this
paper, we consider a single hop communication system in which
one source receives energy from one power transfer station
and uses the energy to transmit information to destination.
The performance of considered WPC system is analyzed in
terms of outage probability (F,.:) and average symbol error
probability (ASEP). The accuracy of the analyses verified by
Monte-Carlo simulations validate that energy harvesting time
coefficient, modulation order, shape parameter of Nakagami
channels, distance from source to destination and are important
ones to control P,,; and ASEP of WPC.

Index Terms—Wireless Powered Communication, outage prob-
ability, ASEP, M-PSK , Nakagami-m.

I. INTRODUCTION

Nowadays, a big issue facing in wireless network is a
battery lifetime. Actually, the resource-constrained nature of
wireless devices, especially the battery lifetime is limited
their operating cycles. In case of emergency without manually
charging battery, premature battery exhaustion can be occurred
while the wireless devices are transferring the information
to other wireless devices. Due to being concerned about
this scenario, the concept of a green radio communication
(GRC) network is offered and quickly becomes an attractive
research topic in both industry and academia. Nowadays, the
techniques are applied for the green communication network
named Simultaneous Wireless Information and Power Transfer
(SWIPT), Energy Harvesting (EH), and Wireless Powered
Communication (WPC). SWIPT could be efficiently built to
transmit information and energy simultaneously using the
same waveform [1], [2]. Derrick Wing Kwan Ng et. al. [3]
introduced a multi-objective optimization problem formula-
tion for the power allocation algorithm design for SWIPT.
In addition, EH is a technique to collect energy from the
surrounding environment for prolonging the lifetime of a
wireless network [4]-[8]. In [9], a cooperative system in
which EH nodes volunteer used as AF relays whenever they
have sufficient energy for transmission over frequency-flat,
block-fading Rayleigh channels is considered. The closed form
expressions for the symbol error rate (SER) of the system
and the asymptotic energy savings at the source from the use
of EH relays are derived. The analysis show that the energy

usage at an EH relay depends not only on the relay’s energy
harvesting process, but also on its transmit power setting and
the other relays in the system. Another green communica-
tion technique is WPC [10] where the wireless devices are
powered by dedicated wireless power transmitters to provide
continuous and stable microwave energy over the air. Based on
WPC technique, a wireless powered communication network
(WPCN) is offered to supply wireless communication devices
with a controllable power in the different physical conditions.
WPCN is believed that it achieves more high-efficiency than
a traditional battery-powered communication. In addition to,
WPCN provides greater flexibility at lower cost.

Wireless channel fading and interference are major chal-
lenges needed to pay attention in any wireless communication.
Many models are offered to describe channel fading such
as Rayleigh, Rician, Nakagami, etc. In practice, Nakagami
fading model is more general than Rayleigh, Rician fading
model in a wireless channel fading. In [11], the authors have
derived closed-form expressions for the average symbol error
probability (ASEP) for the dual-hop relaying system that all
devices are equipped with multiple antennas with dissimilar
Nakagami fading channel. In [12], uncorrelated-Nakagami is
considered, where ASEP is derived for the single hop system
that all devices are equipped with single antenna. Actually,
there were no published studies for analyzing the performance
of WPCN over Nakagami fading channel.

In this paper, we focus on a single hop WPCN over
Nakagami fading channel which one source node receives
energy from one power transfer node and uses the energy to
transmit information to one destination node that all of them
are equipped with single antenna in term of two criterions:
P,,+ and ASEP. In addition, we also analyze the performance
of the considered system in various system parameters, such
as energy harvesting time, energy harvesting efficiency, and
relay location, etc.

The paper is organized as follows: Section II presents the
system and channel model. Performance of the considered
system is analyzed in Section III. In Section IV, we show
the numerical results. We conclude our work in Section V.

II. SYSTEM AND CHANNEL MODEL

We consider a WPC system illustrated in Fig 1. The network
consists of one power transfer station, one source and one
destination denoted by E, S and D, respectively. S uses time-
swiching protocol to collects the energy from E and uses this



energy to transmit the its information to the . Throughout
this paper, the following set of assumptions are considered:
1) The processing power required by the transceiver at the
S is negligible as compared to the power used for signal
transmission. 2) The channel is constant over the block time
T and independent and identically distributed in each time
blocks. 3) The channel of E — S link and S — D link (the
link from power transfer station to source and from source
to destination, respectively) are Nakagami fading channels
with these shape parameters are m and n, respectively. 4)
All devices are equipped with one transmit and one receive
antennas.
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Figure 1. System model of WPC

First, the source harvests the energy Fg from the power
transfer station in duration o7 and uses this energy for signal
transmission in duration (1 — )7 with transmit power Pg.
Es and Pg have following forms [13]

Py |hgl? aT
g = Molhel el ()
E
Eg nPo |hp|’
Py — — 2
ST A-a)T  (1-a)d’ @

where P, is the transfer power of E; 0 < n < 1 is the en-
ergy conversion efficiency which depends on the rectification
process and the energy harvesting circuitry; S harvests energy
from the signal of E in every block times 7" with the energy
harvesting time coefficient 0 < o < 1; hE|2 is the channel
power gain of the E — S link ; dg is the distance from power
transmit station to source; 6 is the path loss exponent;

In duration (1 — )T, the source transmits its signal x(t)
to the destination, the received signal y (¢) at D is given by
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where dg is the distance from source to destination and np
is white complex Gaussian noise, np ~ CA (0, 1).

The instantaneous received SNR at the destination is given
by
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The probability density function (PDF) of RV ~; is is given
by
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where 41 = E [|hg|?]; E[] is expectation operator.
The cumulative density function (CDF) of RV ~; is given
by
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Similarly, the PDF and CDF of RV ~, are given by
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where 7, = E [|hs|?].

I1I. PERFORMANCE ANALYSIS
A. Outage Probability (OP)

Outage probability is an important performance metric that
is generally used to characterize a wireless communication
system. It is defined as the probability that the instantaneous
SNR at the destination, yp, falls below a predetermined
threshold ~7y,, given by

Pout = Fyp, (vrn) = Pr(av1y2 < yrn)
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where F,, (yrn) is CDF of the instantaneous SNR at the
destination.

Theorem 1. The system OP is follow as
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Proof: A 2proof of this theorem is provided in the Ap-
pendix A. [ ]



B. Average Symbol Error Probability (ASEP)

ASEP is an another important system performance measure
that is useful for system designers to evaluate a wireless
communication system. The ASEP of communication link
over fading channels is given by
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where P, (7) = pQ (\/i7y) with Q(z) = \/% 1 —t2/2 4

is the Gaussian Q-function; p and p are constants specific to
modulation type. For example, with BPSK modulation p = 1
and p = 2, with QPSK modulation p = 2 and p = 1, etc.

Theorem 2. The system ASEP is follow as
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Proof: A proof of this theorem is provided in the Ap-
pendix B. ]
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IV. NUMERICAL RESULTS AND DISCUSSION

In this section, we discuss some results based on the
theoretical analysis and Monte-Carlo simulations of the outage
probability and the Average Symbol Error Probability of
considered system.

A. Outage Probability (P,y:)

We investigate the effects of vy, the shape parameters and
« on the outage probability by using the analytical equation
(10) and simulation results. In Fig. 2, we examine the impact
of vy on scheme. With the fixed 7y, the harvest energy of
S will follow with (1). We assume the channel power gain is
the constant at each block time, thus when we increase Py, S
will harvest more energy. Therefore, the signal to noise ratio
at ID increases so that P,,; decreases. On the other hand, with
the fixed Py, when we increase vyrp, Pyt Will increase.

Fig. 3 shows the effect of shape parameter on P,,;. Because
the role of m and n are the same in vp, we have only analyse
the impact of m. Consider with high value of Py, when we
increase m , P, will decreases slightly. On the orther hand,
with low value of Py, when we increase m, P,,; will increase
moderately.

In order to obtain more harvesting energy at S, we can
increase the energy harvesting time coefficient («) or the
energy conversion efficiency (n), etc. Fig. 4 shows the impact
of a on P,,;. With the high value of «, the S will spent
more time for haverting energy. Therefore, S receives more
energy, the yp at D increases and the P,,; of considered
system rises. However, it is also the cause for decreasing the
capacity of data transmission because S uses less time for

transmitting information. On the orther hand, with the low
value of a, S will spent more time for data transmission than
harverting energy so the P,,; decreases but the capacity of
data transmission increases.
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Figure 2. Effect of ypp on Poyt withm =n=2,n=1,a =0.5,dg =
d]v] =1land 6 =3

B. Average Symbol Error Probability (ASEP)

We analysis ASEP of investigated system using M-PSK
modulation. Fig 5 shows the ASEP results with variety of
values of M. The ASEP will be less when we use higher
modulation order. With M is greater than 2, we approximate
the average symbol error propability for a given value of vp by
using Gaussian Q-function, thus the simulation and analysic
results have a little differents.
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Figure 3. Effect of m on Poyt with vpp, = 10dB,n = 2,7 = 1,a =
0.5,ds :d]\/[ =1land 8 =3

Similarly, we investigate the effect of m on the ASEP. In
Fig 6, consider with the high value of Py, the ASEP at D
when we use a high value of m is better than when we use
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Figure 5. Effect of modulation type on ASEP withm =n=2,n=1,a =
0.5,ds =dpyr =1and 6 =3

a low value of m. This assessment is resonable because the
propability density of yp when using higher shape parameter
is more focus than the contrary case.

Fig 7 shows the effect of o on ASEP of investigate system.
When S spents more time for harvesting energy from P, S
will transmit its information with higher power sothat ASEP
of system in this case is better than when S spent more time
for data tramission.

V. CONCLUSION

In this paper, a single hop wireless powered communication
system over Nakagami fading channel is analysed with assume
that the source uses time-switch protocol for energy harvesting
and information transmission. The exact closed form expres-
sion of P,,; and approximation expression of ASEP have
been derived. From these analysis results we can evaluate
the performance of considered system in the influence of

~Yrn, modulation order, o, and shape parameter of Nakagami
channel. These analytical derivations have been validated by
Monte-Carlo simulations.
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APPENDIX A
PROOF OF THEOREM 1
we have used the following relation into (9) to obtain (10)
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where f3, « are positive real values and /C,, (.) is the modified
Bessel function of the second kind and v*" order.
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According to [14], we can rewrite (11) as follows
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From (14), we use two following equations (3.361.1) and
(6.643.3) in [15] to yields (12)
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where t = \/u7y and W (.) is the Whittaker function.
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