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ABSTRACT

Power domain based multiple access scheme is introduced in this paper, namely Non-
orthogonal multiple-access (NOMA). We deploy a wireless network using NOMA
together with a wireless power transfer (WPT) scheme for dedicated user over
Nakagami-m fading channel. When combined, these promising techniques (NOMA
and WPT) improve the system performance in term of ergodic performance at reason-
able coefficient of harvested power. However, fixed power allocation factors for each
NOMA user can be adjusted at the base station and it further provide performance
improvement. We design a new signal frame to deploy a NOMA scheme in WPT
which adopts a linear energy harvesting model. The ergodic capacity in such a NOMA
network and power allocation factors can be updated frequently in order to achieve a
fair distribution among NOMA users. The exact expressions of ergodic capacity for
each user is derived. The simulation results show that an agreement between analytic
performance and Monte-Carlo simulation can be achieved.
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1. INTRODUCTION
Recently, multiple access has raised much interest. A multiple access can be performed on a power

domain with different power allocations for individual users. It can be considered a novel scheme since the
non-orthogonal multiple access (NOMA) is considered a promising technique to improve the spectral efficiency
(SE) of the upcoming fifth generation (5G) network [1, 2]. NOMA and wireless power transfers are put together
in order to satisfy the requirement for massive connections such as the Internet of Things (IoT) to support
massive users [3]. When analysing the advantages of NOMA, an interesting idea is to realize that the multiple
access in the power domain allows multiple users to be served at the same time at different levels of the
assigned power resource. To achieve a better system performance compared with the conventional orthogonal
multiple access (OMA) scheme, we apply power-domain multiplexing at the transmitter for the mixed signal.
Subsequently, a successive interference cancellation (SIC) is required to separate the signal at the receivers
[4]–[6].
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In a distributed wireless network, such as for instance in Internet of Things (IoT) containing mobile
devices, power supply should remain continuous yet the amount of energy is small [7, 8]. In such cases, a
limited energy supply can be charged from the received signal through RF signal. For certain IoT applications,
it is hard to replace the battery and/or there is no power line, it meets limited performance improvement.
Fortunately, an energy harvesting technique has been proposed to help the limited power-aware devices harvest
energy from the surrounding environment. To address any shortage problems of power supplied into numerous
devices, various energy harvesting schemes have been introduced. Recently, radio frequency energy harvesting
(RF-EH) have been recommended to be employed in a wireless network, based on the green communication
concept. Such efficient solution of RF-EH is used to prolong the lifetime of energy-constraint devices in
wireless communication systems [9]. Radio frequency (RF) energy harvesting [10], provides an improved
performance in poor condition of power supply. The EH-based system models can provide flexible, sustainable
and stable energy supply and have been widely tested in many scenarios of relaying networks [11]-[13].

In a different line of research, the idea of energy harvesting is introduced by deploying the NOMA
system to overcome the shortage of the energy constraint devices in [15]-[18]. In these systems, the near users
play the role of EH-based relays helping the far users while the main metric is considered, i.e. the outage per-
formance is analyzed with varying parameters in several scenarios. In [18], a NOMA scheme was incorporated
in the wireless powered networks. In this study, the authors presented an optimal resource allocation strategy.
In addition, three opportunistic user selection schemes were examined[19], introducing a novel cooperative EH
based NOMA protocol. In other works [19, 20], the authors considered the outage performance of many users
in the NOMA system with the ability of EH based transmission, and a reasonable performance of proposed
scheme is highlighted. However, the work in [20] is based on the ideal linear EH model.

However, secure resource allocation schemes are investigated in [21]-[23] with the results proving the
advantages of NOMA systems. In a EH based NOMA system, the EH requirement needs to be considered.
Moreover, certain challenges remain to be addressed in this system, especially where a practical non-linear EH
model has been adopted. The main issue is how to assign the most favorable power allocation factors to each
of NOMA users. Optimal outage or throughput performance in such NOMAs can be analysed, yet intractable
forms of expressions relate to these metrics.

Unlike in [14]-[23], in this work, we focus on the new NOMA scheme, employing a wireless power
transfer to exhibit the feedback of power allocation factors in NOMA to the base station (BS) in a wireless
system. Until now, it had been mostly assumed that fixed power allocation factors applied to each NOMA
user. However, the assignment plays a crucial role in achieving an improved performance. The feedback for
these factors in NOMA is required in real applications and this issue has not been solved satisfactorily yet. It
is worth mentioning that the limited power in massive users who require to be served at same time poses a
serious problem. These discussions motivated us to look for a novel scheme. In the proposed scheme, the EH
NOMA scheme allows to prioritize users, and subsequently find ergodic capacity to employ many applications
in wireless communications.

The main contributions of this paper can be shown as:
− In this paper, we aim to satisfy the fairness in a resource allocation in NOMA, we provide information

related to power allocation factor in uplink and then the performance of downlink in NOMA is studied.
− Energy harvesting is deployed in NOMA to help mobile users reuse the harvested power to provide signal

transmission in uplink. Time splitting factors and power splitting factors are considered to achieve an
improvement as NOMA and wireless power transfer are implemented.

− We characterize the system performance by exploiting the ergodic capacity. The exact expressions for
the achievable ergodic rate of individual users are introduced. Further, we compare the performance of
NOMA and OMA.

− The numerical results are shown to check the correctness of our proposed metric and to demonstrate the
fairness enhancement of the proposed EH NOMA scheme.

The rest of this paper can be summarized as follows: Section II introduces the system model in case
the energy harvesting protocol has been deployed in NOMA to perform the transmission in a wireless sensor
system. In this section, the key computations such as expressions of SNR are investigated. In Section III, based
on obtained SNR, we derive the analytic expressions of ergodic rate in delay-tolerant transmission. Section IV
demonstrates the simulation results. Finally, Section V completes with the conclusion remarks for the paper
and reviews the important results.
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2. SYSTEM MODEL AND SINR COMPUTATIONS
2.1. Energy harvesting transmission model in NOMA

This system model deploys a time-splitting relaying mode to perform the wireless charge for the mo-
bile users who suffer limited power input. In the first phase, to employ downlink for the NOMA transmission,
the base station (BS) sends a superimposed NOMA signal (xU1

aU1
+ xU2

aU2
) to U1 and U2 with fixed trans-

mit power coefficients ai, where i ∈ {U1, U2}. Power allocation factors are required to frequently updated in
uplink and these dynamic factors satisfy a2

U1
+ a2

U2
= 1. We call dlei is related to distance di and le is pathless

exponent. To represent for the wireless channel between the BS and each user, we denote hSi as the Rayleigh
channel model. PS stands for transmit power at the BS and in this case such power is divided into two parts:
the first part PSβe for a wireless power transfer while the second part for information processing PS (1− βe).
βe is the percentage of the harvested power, i.e. 0 < βe < 1. The mobile nodes are able to collect wireless
power while requiring only a finite amount of energy for their information transmission to provide feedback of
power allocation factors to the BS in uplink. This advantage of energy harvesting can be exploited for the small
devices requiring only a small amount of energy. To facilitate the NOMA with the energy harvesting capability,
the whole transmission block T needs to be divided into two time slots.

For this study, we have designed the following frame of signal transmission. The first part of the
frame serves to update the power allocation factors based on which the allocation to individual NOMA users
is performed. To the best of authors’ knowledge, a novel frame for NOMA had first been designed. It is worth
noting that the key second part of the frame for the downlink transmission from the BS to two NOMA users
using dynamic power allocation factors had been already known in the first part of the considered frame of the
signal. System model of NOMA with wireless power transfer as shown in Figure 1.

Base Station

(BS)

U1

 Wireless Powered 

Zone

hSU1

U2

hSU2

Figure 1. System model of NOMA with wireless power transfer

Considering such downlink, the signal received by the users is expressed as

Y NMDL→Ui =
√
PDL (xU1aU1 + xU2aU2)

|hSi|√
dlei

+ ni (1)

where PDL is power to perform the downlink transmission for ith user. ni ∼ CN
(
0, σ2

i

)
denotes AWGN

at the ith user with variance σ2
i and PDL = PS (1− βe). Requiring SIC at user U1, the signal to noise ratio

(SNR) at U1 in such a novel scheme to detect xU1
is given by

γNMU1,xU1
=
|hSU1

|2ρU1

dleU1

(2)

where ρi =
PDLa

2
i

σ2
i

.
In NOMA, various users have various priorities in terms of the signal detection. Similarly, the signal

to interference plus noise (SINR) at U2 can be expressed as:
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γNMU2,xU2
=

|hSU2
|2ρU2

ρU1 |hSU2 |
2

+ dleU2

(3)

3. PERFORMANCE ANALYSIS
3.1. Channel statistic distribution

The probability density function (PDF) and cumulative distribution function (CDF) of their gains
follow gamma distributions formulated as respectively

f|hi|2 (x) =
xmi−1e

− x
Ωi

Γ (mi) Ωmii
(4)

F|hi|2 (x) = 1−
Γ
(
mi,

x
Ωi

)
Γ (mi)

= 1− e−
x
Ωi

mi−1∑
i=0

1

i!

(
x

Ωi

)i (5)

where Ωi = λi
mi

, λi is the fading severity factor and mi is the mean.
To evaluate the system performance once energy harvesting and feedback information for power al-

location factors have been combined, we consider a metric, namely the ergodic rate. In particular, downlink
is the main transmission which needs be investigated in term of the ergodic rate of the system in both NOMA
and OMA schemes. This consideration is evaluated over a system model using an independent Rayleigh fading
channel. In principle, the ergodic rate of each user is computed once the received SNR at corresponding ith
node has been established. It should be noted that during allocated time αd, the capacity of such communication
can be evaluated.

3.2. Ergodic rate performance in NOMA scenario
In the NOMA mode, two users provide a total ergodic rate. The average ergodic rate in this mode can

be expressed as [24]

RNM = αd
∑
i

RNMi (6)

where RNMi denotes the ergodic rate of two signals achieved by ith NOMA users.
In principle, the instantaneous rate can be written as RNMi = log2

(
1 + γNMUi,xi

)
. It should be noted

that RNMU1
can be computed as

RNMU1
= log2

(
1 + γNMU1,xU1

)
=

1

ln 2

∞∫
0

1− FγNMU1,xU1

(x)

1 + x
dx

(7)

Next, the PDF of γNMU1,xU1
can be express as

FγNMU1,xU1

(x) = Pr

(
|hSU1

|2 <
xdleU1

ρU1

)

= 1− e−
x

ΩU1
ρU1

mU1
−1∑

i1=0

(
dleU1

ΩU1
ρU1

)i1
xi1

i1!

(8)
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Next, we replace (10) into (9) and using the results from [25, 3.353.5], the following equation comes up

RNMU1
=

1

ln 2

mU1
−1∑

i1=0

(−1)
i1−1

i1!

(
dleU1

ΩU1ρU1

)i1

×

e d
le
U1

ΩU1
ρU1 Ei

(
−

dleU1

ΩU1
ρU1

)
+

i1∑
k1=1

(k1 − 1)!(−1)
1−k1

(
dleU1

ΩU1
ρU1

)−k1
 (9)

where Ei (x) denotes as the exponential integral, it can be found in [25, 8.2.11.1]. In this model, xU2 is
allocated higher power than xU1

in the superimposed NOMA signal. Therefore, the rate RNMU2
can be given by

RNMU2
= log2

(
1 + γU2,xU2

)
=

1

ln 2

∞∫
0

1− FZ1 (x1)

1 + x1
dx− 1

ln 2

∞∫
0

1− FZ2 (x2)

1 + x2
dx

(10)

where Z1 =
ρU2 |hSU2 |2
a2d

le
U2

, Z2 =
ρU1 |hSU2 |2

dleU2

. Then, it can be shown that

FZ1 (x1) = 1− e−
x1a2d

le
U2

ΩU2
ρU2

mU2
−1∑

i2=0

x1i2

i2!

(
a2d

le
U2

ΩU2
ρU2

)i2
(11)

FZ2
(x2) = 1− e−

x2d
le
U2

ΩU2
ρU1

mU2
−1∑

i2=0

xi22
i2!

(
dleU2

ΩU1
ρU1

)i2
(12)

Similarly, we can obtain the closed-form of RNMU2
as

RNMU2
=

1

ln 2

mU2
−1∑

i2=0

(−1)
i2−1

i2!

(
dleU2

ΩU2ρU1

)i2

×

(a2)
i2e

d
le
U2
a2

ΩU2
ρU2 Ei

(
−
dleU2

a2

ΩU2
ρU2

)
+ (a2)

i2
i2∑

k2=1

(k2 − 1)!(−1)
1−k2

(
dleU2

a2

ΩU2
ρU2

)−k2

− e

d
le
U2

ΩU2
ρU1 Ei

(
−

dleU2

ΩU2
ρU1

)
−

i2∑
k2=1

(k2 − 1)!(−1)
1−k2

(
dleU2

ΩU2
ρU1

)−k2


(13)

Finally, putting (9) and (13) into (6). We can obtain the closed-form expression of sum ergodic rare
for considered system RNM as

RNM = αd
ln 2

mU1
−1∑

i1=0

(−1)i1−1

i1!

(
dleU1

ΩU1
ρU1

)i1 e d
le
U1

ΩU1
ρU1 Ei

(
−

dleU1

ΩU1
ρU1

)

+
i1∑

k1=1

(k1 − 1)!(−1)
1−k1

(
dleU1

ΩU1
ρU1

)−k1

+
mU2

−1∑
i2=0

(−1)i2−1

i2!

(
dleU2

ΩU2
ρU1

)i2 (a2)
i2e

d
le
U2
a2

ΩU2
ρU2 Ei

(
−

dleU2
a2

ΩU2
ρU2

)

+(a2)
i2

i2∑
k2=1

(k2 − 1)!(−1)
1−k2

(
dleU2

a2

ΩU2
ρU2

)−k2

− e

d
le
U2

ΩU2
ρU1 Ei

(
−

dleU2

ΩU2
ρU1

)
−

i2∑
k2=1

(k2 − 1)!(−1)
1−k2

(
dleU2

ΩU2
ρU1

)−k2

(14)
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4. NUMERICAL AND SIMULATION RESULTS
This section provides the numerical results demonstrating the ergodic rate performance of the pro-

posed NOMA. More importantly, the results have proven the corroboration of the analytic results. In these
simulations, a fair agreement can be raised between the simulated and analytic lines in all of the results. As
in many other sources, the distances between the pair of nodes are normalized. For these power allocation
factors received in the first time slot of the NOMA case, le = 2, a2

U1
= 0.2, a2

U2
= 0.8, αd = 0.5, βe = 0.1,

= ΩU1 = ΩU2 = 1 and mU1 = mU2 = 2 has been set, except for specific cases. In addition, the distance is set
as dU1 = 5, dU2 = 10.

Figure 2 depicts ergodic rate of considered system versus SNR. Increasing SNR, ergodic rate can be
improved significantly, especially in the high SNR regime. As βe = 0.2, that means more power is employed
to signal processing, therefore higher ergodic rate can be obtained.

It can observed in Figure 3 that varying parameter m of Nakagami-m fading results in slight varying
in ergodic performance. It is confirmed that although energy constraint at two users, sum ergodic capacity is
still guaranteed.
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Figure 2. Ergodic capacity performance versus SNR
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Figure 3. Ergodic capacity performance versus SNR
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5. CONCLUSION
In this study, the energy harvesting policy provides more opportunities to prolong the lifetime of the

operation of users in considered NOMA scheme. As regards the individual user’s ergodic capacity in NOMA,
the exact expression of the ergodic rate has been described, and relevant results verified in numerical simu-
lations. The sum ergodic capacity performance were evaluated in numerical results. The impact of required
SNR, power splitting factor in energy harvesting protocol were jointly examined in many situations to illustrate
the advantages of NOMA performance while satisfying the fairness in NOMA users. Finally, wireless power
transfer still provide reasonable performance and this technique is recommended to be applied both WPT and
NOMA for 5G wireless deployment.
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