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ABSTRACT Non-orthogonal multiple access (NOMA) is currently one of the promising techniques for
the 6th generation (6G) wireless mobile networks, which can be combined with different technologies,
such as cooperative communications and radio frequency (RF) wireless power transfer. RF can transmit
energy over a wireless medium and has been seen as an essential application of systems. On the other hand,
due to mismatched components and poor circuit fabrications, the transceiver suffers from RF front-end
effects in actual situations, such as in-phase and quadrature-phase imbalance (IQI) which degrade the
performance of the system. In this paper, we investigate the harvest-then-cooperate assisted NOMA for
a wireless-powered cooperative communication network (HTC-NOMA-WPCCN) with practical constraints
such as IQI and imperfect successive interference cancellation (ISIC). We thereafter extend the analysis to the
multi-helper-user scheme to improve the performance of our considered system. The linear and non-linear
EH are considered in our proposed system. We analyze the outage probability (OP), ergodic capacity (EC)
and throughput. We discuss the effect of the IQI, ISIC, image rejection ratio and power allocation on the
proposed HTC-NOMA-WPCCN. Our theoretical analysis is validated by Monte Carlo simulations. The
simulation results demonstrate that the IQI and ISIC can significantly degrade the OP, EC and throughput
performances of HTC-NOMA-WPCCN. The linear EH achieves better performance gain than the non-linear
EH. Furthermore, this latter is influenced more by IQI and SIC imperfections, which closely approach a
practical transmission. On the other hand, we compare the proposed system with UL NOMA without EH,
and the results clearly showed the superiority of the proposed system. Finally, the system performance is
influenced by changes in image rejection ratio, power allocation and WPCCN parameters which effects the
IQI and SIC on the RF impairments.

INDEX TERMS IQI, ISIC, NOMA and WPCCN.

I. INTRODUCTION
Non-orthogonal multiple access (NOMA) has been identified
as a promising technology for 6th generation (6G) wireless
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mobile networks [1]. In order to improve spectral efficiency,
quality of service (QoS) and the coverage area, the inter-
play between cooperative communication and NOMA has
attracted tremendous attention from researchers [2], [3], [4].
With the rapid growth of the Internet of Things (IoT) and
the increasing number of mobile devices, energy harvesting
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(EH) has attracted much interest as a sustainable means
of extending the lifespan of wireless networks that are
energy-limited [5].

In [6], the coverage probability, ergodic rate, and energy
efficiency have been analyzed for downlink (DL) coopera-
tive NOMA-assisted simultaneous wireless information and
power transfer (CNOMA SWIPT). The optimal power allo-
cation factor and optimal time switching (TS) with the effect
of imperfect successive interference cancellation (ISIC) for
DL CNOMA EH are derived to minimize the outage prob-
ability (OP) and maximize the system throughput [7]. The
authors of [8] maximize the sum rate of PS and TS for DL
CNOMA EH. The adaptive power allocation with full duplex
CNOMA under TS protocol has been performed to improve
OP and throughput performance [9]. With the perfect SIC
and ISIC, the authors of [10], [11], and [12] evaluate ergodic
capacity (EC), throughput and OP performance of the DL
CNOMA SWIPT for IoT. Furthermore, the authors of [13]
and [14] investigated the achievable rate, sum throughput
and energy efficiency for DL and uplink (UL) jointly with
power splitting (PS)-based SWIPT multiple-input multiple-
output (MIMO)-NOMA systems. In [15], UL NOMA with
EH jammers has been analyzed in terms of OP and secrecy
OP. On the other hand, a novel wireless network type known
as a wireless-powered communication network (WPCN) has
received increasing interest as a viable research subject.
In this wireless network type, wireless stations are only
powered by wireless energy transfer and use the collected
energy to transfer information [16]. In [17], the capability
of the resource allocation and time scheduling algorithms for
a NOMA-based device-to-device (D2D) and WPCN system
has been investigated. A sum-throughput maximization prob-
lem for a NOMA WPCN with cluster-specific beamforming
was developed by the authors of [18]. In [19], a multi-cell
WPCN based on NOMA has been analyzed, along with a
proposed algorithm to increase the sum throughput of the
network. In [20] and [21], a newly emerged NOMA and
WPCNs with the aid of intelligent reflecting surface (IRS)
technology has been carried out for sum-rate maximization.

As we observe above, most of the existing studies consider
a linear EH model, in which the energy actually harvested
by the EH circuit rises linearly with the energy received
from the RF signal. However, the reality is that the practi-
cal EH circuits have non-linear properties. An incremental
CNOMA with non-linear EH has been analyzed in terms
of OP and throughput [22]. In [23], the OP of full-duplex
(FD) CNOMA with non-linear EH has been performed. The
authors of [24] and [25] investigate the OP, throughput and
sum rate of cognitive radio CNOMA -assisted multi-antenna
with non-linear EH. In [26], FD-CNOMA with non-linear EH
has been analyzed in terms of OP and throughput. In [27],
CNOMA with linear and non-linear EH has been evaluated
in terms of OP. The DL CNOMA has been adopted for linear
and non-linear EH with power beacon in terms of OP and
throughput [28].
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All aforementioned works consider the ideal RF front-end
operating conditions. However, in reality, the transceiver
RF front-end is prone to in-phase/quadrature-phase imbal-
ance (IQI) since non-ideal mixers and phase shifters are
used [29], [30], [31]. In [32] and [33], the OP and the error
probability are evaluated with the effects of IQI and ISIC.
The authors of [29] and [34] analyzed the OP and ergodic
rate of the DL FD/half-duplex (HD) CNOMA with ISIC.
In [35], the OP and intercept probability (IP) are obtained,
to explore the reliable and secure performance of a cognitive
ambient backscatter for NOMA with an internet-of-vehicle
maritime transportation systems network when the IQI is
considered for practical proposes. The OP and IP are derived
for non-linear EH DL NOMA multi-relay with IQI and
imperfect channel state information (ICSI) [36]. The OP of
CNOMA-aided EH has been examined with the effect of
residual hardware impairments (RHWI) and ICSI [37].

As we have mentioned above, the OP of the DL SWIPT
CNOMA has been analyzed in [6], [7], [8], [9], [10], [11],
and [12] with and without ISIC under ideal RF front-end
condition when the EH is linear. In [22], [23], [24], [25], [26],
and [28], the non-linear EH for DL SWIPT CNOMA has been
performed. Likewise, the UL NOMA with SWIPT in terms
of the OP, throughput and energy efficiency are examined
in [13], [14], and [15], where the RF front-end condition is
ideal and the EH is linear. Also, the OP and ergodic rate with
the IQI imperfections for DL SWIPT CNOMA has been eval-
uated in [29], [32], [33], and [34] for linear EH and non-linear
in [36]. Moreover, the throughput and sum rate of WPCN
based on NOMA has been performed in [17], [18], [19], [20],
and [21]. The impact of practical proposals such as IQI with
WPCN or EH has not received extensive attention in the
literature. Therefore, it is important to consider practical pro-
posals in the literature to evaluate the performance of systems.
To the best of the authors’ knowledge, the UL CNOMA
assisted WPCN with non-linear EH has not been studied in
the literature. Moreover, most papers neglected the negative
impact of the RF front-end deficiencies on UL CNOMA with
or without SWIPT. Therefore, this topic is critical to the actual
implementation of practical systems, which is considered
the first investigation in the open literature with non-linear
EH. Motivated by this, we propose harvest-then-cooperate
assisted NOMA for a wireless-powered cooperative commu-
nication network (HTC-NOMA-WPCCN), where the wire-
less power transfer (WPT) in the DL and wireless information
transmission (WIT) in UL. The linear and non-lincar EH
are considered in our investigation. To make the investigation
more realistic and practical, we take into account the IQI and
SIC imperfections. Thus, the main contributions of this paper
are given as follows

o We propose the HTC-NOMA-WPCCN system with

linear/non-linear EH and in order to improve the perfor-
mance of the proposed system, we consider a group of
multiple near users, which help to increase the quality of
the received signal at the access point.
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o For a more realistic scenario, the ideal and non-ideal IQI
with ISIC have been considered in our system. We derive
closed-form analytical expressions for OP and through-
put with linear and non-linear EH. We obtained accurate
analytical expressions of EC for our proposed system
with linear and non-linear EH under the effects of IQI
and ISIC.

+ We employ the commonly utilized image-rejection ratio
(IRR) metric to evaluate the impacts of IQI. Hence,
we discuss the effect of the IQI and SIC imperfections
with different WPCCN parameters and power allocation
on the proposed scheme. We validate our numerical
derivations by simulation results.

o Asabenchmark, we compare the proposed scheme with
the UL NOMA without EH. The simulation results val-
idate the presented analyses and show the superiority of
the proposed scheme over the benchmark. Moreover, the
IQI has negative effects on OP, EC and the throughput
of systems. In a non-linear model, IQI and ISIC have a
significant impact on system performance.

The rest of the paper is presented as follows. The consid-
ered HTC-NOMA-WPCCN system model is introduced in
Section II. Section IIT analyzes the OP, EC and throughput of
our considered schemes. The numerical results are presented
in Section IV to validate the analysis. Finally, Section V
concludes the paper.

Il. SYSTEM MODEL

The proposed system consists of one access point (AP),
one far user (Ur) and L near users Uy; users, where J =
1,2,3,...,L as shown in Fig. 1. We assume that the Uyy
works as assistant users in DF protocol to improve the
received signal of Ur at AP. It is assumed that each node
works in HD mode and the communication links experience
Rayleigh fading. It is assumed that the channel coefficients
between each other are independent. We consider that all
users have no other embedded energy supply, and they collect
energy' from the AP in the DL, which can be stored in a
rechargeable battery and afterward utilized to transmit the
signal to the AP in the UL. Is assumed that CSI is available
at all nodes.

We assume that the RF impairment is described as IQI
in both TX and RX, which is the phase and/or amplitude
imbalance between the in-phase (I) and quadrature-phase
(Q) branches. Hence, the baseband form of the IQI-impaired
signal is written by [34]

Vior = Wijrx + vy, )]

where 1/, and v/, are the IQI coefficients at the TX/RX
respectively, » is the baseband transmit signal and (.)*
denotes conjugation. It is noticed that in the absence of IQI,
wr = ur = 1l and vy = v, = 0. The IQI coefficients u;/,

I'The WPCN is assumed to be used in our proposed system. A WPCN is
only powered by wireless energy transfer and uses the harvested energy to
transfer information i.e., the nodes need to harvest energy during the first
time and then use it to forward information during the second time [16].
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FIGURE 1. HTC-NOMA-WPCCN scheme.
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FIGURE 2. Block diagram of harvest and information transmission for the
proposed system.

and v/, are expressed by [34] as u; = %(1 + ¢, exp(i ¢r)),
vo= 31— €& exp(—i ¢) i = (1 + & exp(—i ¢,)
and v, = %(1 — € exp(i ¢,)), where ¢/, and ¢,/ are
the amplitude and the phase imbalances levels of TX/RX,
i = +/—1 is the unit of the imaginary. The IRR calculates
the frequency band used for images’ attenuation. The IRR is
generally between 20 and 40 dB in the literature for practical
analog RF front-end circuits [38], [39], [40]. Thus, the IRR
is expressed by

| Mt/r|2

= o @

As shown in Fig. 2, in the first 7 time slot, the users
harvest energy from AP. Both linear and non-linear EH mod-
els are adopted in this article. In the linear EH model, the
harvested energy during the power transfer phase in each user
is given as

Ef" = ntPilhar P T, 3)
Exj' = ntPylhans|* T “)
Nevertheless, taking into account the non-linear feature of

a practical EH circuit, the corresponding expressions during
the power transfer phase in each user can be given by

pve _ | ntPhapP T Pilhapl® < Py, )
i ntPyT, Pilhar|? > Py,
v | nTPidhans P T, Pilhang|? < Pa,
Eyy = 5 (6)
ntPuT, Pilhang|” > P,

where P; and Py, are the total transmit power and the satu-
ration threshold respectively, hsr and hapyy are the channels
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between AP-Ur and AP-Upjy, n is the energy harvesting
efficiency, in which 0 < n < 1, 7 is the energy transfer factor
and T is the transmission block period.

The remaining fraction (1 - 7) of the block is divided
into two-time slots with an equal length of (1 — )7 /2 for
cooperative information transmission in the UL (please see
Fig. 2).

Accordingly, in the linear EH model, the transmit power of
users in the second (UL) phase is given as

i Ef" 2ntlhar |
Lin F 2
= = = Py |h , 7
F (1 ‘L')T/z (1 ‘L’) td/1| AF| ( )
Lin _ Egy 20T Py |hang|?

= 2
N7 -0 -1 Py lhang|”. (8)

However, in the non-linear EH model, the transmit power
of users in the second (UL) phase is given as

NL
ne_ _ Er [ Popnlharl?, Prlhapl? < Pa,
Fma—orp | Pav, Pilhar|* > Py,

NL
Eny _ {Pz’ﬁllhANJIz, Pilhans|? < Pa,
P, Pilhangs|? > Pu,

(1

C))

NL —
M= —oyp

where ¥ = (lzz_rr), hap ~ CN(0, 02, = d\) and hany ~
CN(0, ojNJ = dj,,;) are the channels between AP-Uf and
AP-Uypy and ¢ is the path loss factor.

During the first time slot (1 — 7)7"/2 of the UL WPCCN
NOMA, the Up transmits its signal x; to AP and Upy. The
received signals at AP and Uy are given respectively as

Va0 = 114y PO(ke maxi b + ve paxi *hiy) + )

+vr (Y P?(Mz,FAxthA + v, pax1 Fhiy) + n)*, (11)
yins o' =
Wr FNJ 3/ P?:(H«I,FNJxthNJ + v Eng X1 hyy) + 1)

+ vr g (y/ P?(Mt,FNJxthNJ + v eNg X1 hyy) + ),
(12)

where hpy ~ CN(0, 07, = diy) and hpyy ~ CN(0, oy, =
dpy;) are the channels between Up-AP and Ur-Upyy 2nis
the Additive white Gaussian noise (AWGN), x; is the signal
of Ur, I¢,FNJ/r,FNI> ILt,FA/r,FA> Vi,FNJ /r.FNJ> a0d Vi pa/r FA
are the IQI coefficients at the TX/RX and equal to i,/ and
Ve in (1). P? denotes the transmit power of Ug, which is
depending on the linear or non-linear EH models as in (7)
and (9), where O = Lin, NL.

The AP and Up; decode x; using maximum likelihood
detection. In the linear model, the signal-to-interference plus
noise ratios (SINRs) during the first (1 — 7)7"/2 time at AP
and Uy are given as

Poyrilhar 1 1heal* A

FA
YiLin = , (13)
LEn = oy |har 2| hea |2 Bra 4 02Cra

2Since the transmission of power and information occurs in two different
phases (i.e., in DL and UL), it is supposed that ig g # hps and hang # hnja-
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NI Pyt lhar P hens 1*Apng
MLin = Pyt lhar ?|hens 1> Beng + 02Crng
However, in the non-linear model, the SINRs during the
first (1 — 7)7T' /2 time at AP and Uy; are given as

(14)

A QfA, Pilhar|* < P,
yl’NL = FA 2 (15)
@2 ,Pt|hAF| >Pth7
VFNJ _ Qfva Pt|hAF|2§Plhv (16)
WY o8N Pohar 2 > Pa,

2 2 2 2
where Ap = (W mMim + VimVim) Bmo =
2 2 2 2 _ 2 2
W Vi + VemMip) Caa = (Wip + Vg
_ 2 2 2 2 _
Arng = Wy pngMeeng t ViensVipws)» Bevi =
2 2 2 _ 2
Wy pngVerng + VeengHepny) and Ceng = (W5 pyy +
2o L — Pyt har Pl *Apa gFNI -
r.FNJ 7 21 5 Pyt lhar ?|hga|*Bra+02Cry 5 1
Priri|har |“|hENg |“AFNg FA __ P |hea|“Am

and

Piyrilhar Plhens 12Beng+02Crng 2~ Pyt lhpal?Bra+02Cra

GFNI Pt lheng *Apng
2 — Pupilhen [2Brny+02Crny ) )
During the second (1 — t)T/2 time, all Uy; combines

their own signal x, with the coming signal from Ur in a
superimposed coding signal® and transmits the total signal
simultaneously using the harvested power to AP. Thus, the AP
received the same signal from L Upy (i.e., L path). Hence, the
received signal by AP in the channel corresponding to Uyy is
given by
o1

r NIAG/ PO (1o naaXhnga + vengaX *hiypn) + 1)

+ Ve NGy Py (e Nga X * hivga A Naa X B H 00,

(17)

where X = ,/oix; + Jooxp. a1 and oo are the power

allocation coefficients of x; and x3, Ay ~ CN(O, GAZUA =

dy;) is the channel between L Uyy and AP. uy nja/r,nia and

vy, NJA/r,N;A are the IQI coefficients at the TX/RX and equal to

te/r and vy in (1). P?,J denotes the transmit power of Uyy,

which is depending on the linear or non-linear EH models as
in (8) and (10), where 0 = Lin, NL.

At AP, x; is detected firstly using MLD and x; is detected
using the SIC. Thus, during this time, the SINRs of the linear
model to detect x; and X, in the channel corresponding to
Upy at AP can be expressed as in (18) and (19), shown at the
bottom of the next page.

Likewise, the SINRs of the non-linear model to detect
x1 and x» in the channel corresponding to Uyy at AP can
be expressed as in (20) and (21), shown at the bottom of
the next page. where Ayjq = (M%,NJAM?,NJA + Vrz,NJAsz,NJA)»
By = (M%,NJAth,NJA + VrZ,NJAMtz,NJA)’ Cnia = (M%,NJA +
vrz’ ~a) and o is the effect of the SIC process.

The AP receives multiple signals from L Upy; and Up.
Thus, the AP received the signals from multi-path. Hence, the

I
YNJA,

3Based on NOMA schemes, the L Upy combines x| and x, and it is
assumed that x1 has high power allocation than x, based on the channel gain

Ellhm|?] < Ellhygal?], oy > ap, in which a) + ap=1 [41].
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selection combining (SC) technique is assumed to be used at
AP to select the best-received signal * based on all received
signals from L Up; and Up. Hence, the SINRs of x; and
x> when the SC is implemented in the linear or non-linear
models are given as

N6 NJA
=  max s 22
V1,8 P ()’1 V1.0 )s (22)
SC _ NJA
max 23
20 =, 0% 1 (25): 23)

where 0 = Lin, NL.

IIl. PERFORMANCE ANALYSIS

In this section, we derive the OP, throughput and EC expres-
sions of HTC-NOMA-WPCCN with linear and non-linear
EH models under IQI and SIC imperfections.

A. OUTAGE PROBABILITY

1) LINEAR EH

The AP received the signal x; from different sources i.e., Ur
and Uyy. The SC is implemented at AP, where only the signal
with the highest SINR among those received is utilized for
detection. The OP of the SC for x; at AP can be written as

P§1CLm(0m‘) =P (ylsiin < 91)
NJA
=P (J:ll,rzl%)f (71 Lin> V1, Lm) < 91) . (24)
Thus, (24) can be written as
PfFLm(Out) =

L
[T P(arPitel® <cr ) P(1has Plinoa? <&y ) - 25)
J

41t is assumed that the selection in the SC technique at the receiver is based
on the higher channel quality of the received signals similar to the antenna
selection strategy [42]. Generally, we can obtain a selection signal according
to the higher-received SINR at AP [42].

By employing the probability density function (PDF)
and the cumulative distribution function (CDF) of the
dedicated Rayleigh fading channel as in [43], (25) can
be calculated as (26), shown at the bottom of the next
page.

By using [44, Eq. (3.324.1)], the integral of (26) can be
written as

SC = 4¢p
Py Lm(OW)ZH =AM =5
J OAF9 A
4 1
(1 - A(—2 §NJ2 )) (27)
OANJONJA

2 2

WherirCNJ Py (Anjacy SIZVANQJLQI —Bnja1)° gF:(AFAiBi:g?;Pﬂm >
91:21,11 — 1, rp is the target rate of x1, 0; is the transmission
threshold of x; and A(x) = /xK|(4/x) is defined for nota-
tion simplification with K;(-) denoting the modified Bessel
function of the second kind with first order [44]. It is noted
that through (27), the effects of IQI and ISIC influence OP
performance.

Also, the OP of x» occurs when AP can not success-
fully decode the xj signal and x, signal. Based on these
events, the OP of x; can be expressed as in [3], [4],
and [34] as (28), shown at the bottom of the next
page.

Each term of (28) is calculated as in (29) and (30)
(shown at the bottom of the next page), respectlvely, where

2

_ a2Cniabs = _
ZNJ T Piyi(Anjacn—RajAnjatr—Bnja6r)’ 0 = 2T L, is

the target rate of x and 6, is the transmission threshold
of xp.

By substituting (29) and (30) into (28), we find the OP
of xo at AP as given in (31), shown at the bottom of the
next page. Through (29) and (30), it appears that the IQI and

yNjA _ Proy i |Angal? | hang I*Anua (18)
LLin ™ p oy 7y [hvga 2 hang 12Ansa + Podr \hga 121 hang 2B + 02Chia”
yMA Pray i |hwga |* lhans |*Ansa (19)
2Lin = o Pyay Wy a2 1hang 1PAnga + P a2 lhang 12Bhia + 02Cga”
NIA Proiyri | hga 12 lhang 1A P < P
- s Lot = s
leJA _ ! Proy i |hnga 1 1hang 12Anaa + Iz’zwlthJAlzlhAlezBNJA +02Cnja (20)
NE oA — Py hngal“Anga Pilha? > P
t thy
Py |nga > Ana + Pinrilhngal?Baga + 02Cnga’
NJA Proyyri | hga | |hang |*Ansa Poihans|? < Po,
- y Lt = L tn,
yNA } oP a1 Vi lhnga?|hans 1PAnga + Poprilhvgal? |hang |*Baga + 02 Chga @1
NL A — P i |hvyal“Ansa Pihasl? > P

oPma1 Y1 a2 Anga + Pt |hvsa|*Baga + 02Chya’
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ISIC affect the OP performance of x; and x; respectively,
and this leads to influences the OP performance of x»
in (31).

2) NON-LINEAR EH

The outage performance of NOMA can be utilized in the
non-linear EH model. In this instance, when implementing
wireless power transfer architecture, our focus is on the
threshold power of harvested value. Thus, to transmit the
signal in the NOMA scheme, we take into account two
instances of harvested power or transmit power deployed.
As a result, the analytical formulas can be obtained using
a method similar to that of the preceding sub-subsection,

P (|hans Plhnal> < &y Prlhang|* < Py) and Iy =
P (Ihnsal* < &y 10 Pelhang* > Pu).
We compute each term of (33) respectively below.

I can be written as

Py,
L =P (|hAF|2|hFA|2 < ¢F, |har|* < P—’) : (34)

t

Thus, (34) can be obtained as [23] and [27]

Py
L[ y T \
1= P\~ 5 ) XP\ " 2.~ 2 Y
O4F J0 OAF OmY  Oaf
Py
=1 —exp|— Pon_) _ L/ g exp [ ¢ _ Y
GjFP 4 %%F 0 GI%Ay Uf%F

which dealt with a linear EH model. Thus, in the non-linear (35)
case, the outage behavior for x; at AP can be expressed .
as Also, we obtain /I, as
L=P(|hm? harl? > 2
PSC,, (our) = P(YE%L - 91) 2 =P\ |hmal” < ¢F1, lhar|” > P,
2 2 Py,
—p( max oM <6). G2 =P (Il < ) P (1har? > 22) . G6)
J=123,....L Py
Thus, (32) can be re-written as [23] and [27] By employing the PDF and CDF of the dedicated Rayleigh
. fading channel as in [4], [23], and [27], (36) is obtained as
PCyouy =] i +b)x ts+L).  (33) beexp -2t ) exp( =25t = ) a9
J O'XFP; O'I%A UXFP,
where Iy = P (|h,/.uw|2|hm|2 < I, P,lhAF|2 < Pu), By using the same way, we obtain /3 and I4 respectively
L = P (Jhm)? < {F,1,Pt|hAF|2 > Py), Iz = as given in (38) and (39) (shown at the bottom of the next
SC r > OO 2 41\111
le Lll’l(out H ( / ('hAFl )fhpAz(y) dy) X 1 _/() |hA J| < 7 .f\thA|2(y) dy
J
§ > oy 1o 3 y
7 UFA 0 OArY Opm Onja /0 OANgY UNJA
SC NJA NJA NJA
Py pig(out) = P (ler’rzlgwa ipm) < 91) + [1 - P (J:1r’r21’a3),(wL 1. Lin) < 91)} P (J:1r’r21’a3),(wL V. Lin) < 92) . (28)
NJA 2 2 1 = Oo 2 Cji,]
P (J=1{121)a3{(m’L(Vl,Lin) < 91) = P (IhANJI lhnsal” < CNJ) 1:[ / P\ |hans1” > o finga2 ) dy

i
(-

o0
exp| —
0

L ;—1
4
gZNJ 2: ) dy) — I | (1 — A ( 5 NJ2 ))’ (29)
TANIY INJA J TANIONJA

L o0
¢
P (Hn;a;( V2Lin) < 92) = P (1has Pl * < %) = [ (1 = /O p(|hAN,|2 > %)flhw(y) dy)

A

UNJA
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02 Chya, 101 ¢ _
P Ay —a2Ana81—Byafy) oF1

page), where ;1%,] | =
a2Cmb,
(Apa—Bra0) P
Thus, to find the OP for x; at AP of the non-linear model,

we substitute the (35), (37), (38) and (39) into (33) as given
in (40) (shown at the bottom of the next page).

Likewise, the OP of x; in the non-linear model can be
expressed as (41), shown at the bottom of the next page.

The term M; of (41) is calculated in (42) shown at the
bottom of the next page.

The term M, of (41) is calculated as

L
M, =P NAY <6, ) = Is+ 1), (43
2 (]zlrgfgwa(J/z,NL)< > l:[ (Is +1Is) , (43)

where Is = P (|hanyI*lhnial* < ¢y, Prlhang|* < Piy) and
Is = P (Ihnyal* < 3y s Pelhans |* > Puy).

We obtain /5 and Ig respectively as in (44) and (45)
(shown at the bottom of the next page), where ;13“ =

o2Cnubr
Pinri(ANjacr —Ra1ANja0r—Bnja6a)

By substituting the (44) and (45) into (43), we obtain (46)
(as shown at the bottom the next page).

Thus, to find the OP for x; at AP of the non-linear model,
we substitute the (42) and (46) into (41) as given in (47)
(shown at the bottom of the page 9).

The integral of equations (40) and (47) cannot be obtained
in closed forms based on the authors’ knowledge. However,
they can be easily determined by numerical tools.

written as
1—1

logy (1+11%5,,) - (48)

By averaging Rj 1;, over SINRSs in (48), we obtain the EC
of x1 as
1—1 (% .
CiLin= T/ log, (1 +Vl,LinSC)fy 1L (AP i€,
(49)
where f, LL,-nSC(z) is the PDF of yﬁgin. Recalling,

Jology (1+2) f2(2) dz = 5 [~ l_lizz(Z) dz where Fz(z)

is the CDF of Z [44]. Thus, the EC of x; is given by

Ry Lin =

l—1 [*®1-Fz~2)
ClLin= dz, 50
1,Lin 21n2/) 1+ ¥4 ( )
where
L
4z4 4c8
J OAFOFA OANIONIA
(51
where ¢ o Cupz and ¢¢ =
Sng P (Anjaay —a2ANjaz—BnjazZ) P =
o’Cmz

(AFA.—BFAZ.)PHDI : ) )
Likewise, the achievable rate of x, at AP can be written as

1—1

tog, (1+755,,) (52)

By averaging R» 1;,, we obtain the EC of x» as

Ry pin =

1—7 [
Co.Lin = 5 / log, (1 + st,gm)fyzsgm(z) dVZS,gin’

B. ERGODIC CAPACITY (53)
1) LINEAR EH where f, sc (z) is the PDF of yzsgm.
Since the AP receives signals from multiple sources (U, HenCZ:ZLtTle EC of x» at AP ca{n be expressed as
Uny), the SC is implemented to select the highest SINR from ’ 2 P
all received signals as given in (22) and (23) to employ it for Cotin = 1—1 /°° 1 —Fk(2) dz (54)
detection. Thus, the achievable (Shannon) rate of x; can be = 52 0 1+z ’
L 1 L 1 L 2
4¢ 4¢ 4
P ouny =[] (1 - A(%)) + [1 — H(l —A (%))} 11 (1 —A (% , 31)
7 OANJONIA 7 OANTONIA 7 OANTONJIA
P 1 I%h y ¢ 1 y
h 1
=P (|hANJ|2|hNJA|2 < txg lhang I < P—t) = 2—/ (GXP (—2—) — exp (— o 2—)) dy
! OaNy /0 OANT ONIaY  OANJ
Ll 1
P 1 Py
=1—exp (—z—th) - exp (— iNJ — ZL) dy. (38)
oang Pt OANs /0 ONJAY  OANJ

1y =P (Il < &Yy 1o Pilhasa P > Pun) =

1
é‘NJ,l

Py
P (|hNJA|2 < 4“1\1/],1) , P (|hANJ|2 > )

P

Py,

P
=exp| —— th —expl ——— — — . 39)
oins Pt ona - OangPr
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where 2) NON-LINEAR EH
L 4 b In the non-linear model, the achievable rate of x; can be
Fg(z) = H (1 _ A( - NJ2 )) , (55) written as
J OANJONJA
where £f, = & o Cuaz

Y1(Anjacr —Ra 1 Anjaz—Bnjaz) *

~ Py
1—7 o (I+31), 1 =<

Rin = P (56)
log, (1+32), 1 > R
To the best of the authors’ knowledge, (50) and (54) cannot !
be determined mathematically in closed forms. However, they
can be easily determined by numerical tools.

where 31 = maxy=123,...L (VJ{A, WIVJA)

) ,J2 = maxj—123,..L
@A, p)4) and 1 = maxy=1 23, (1har|?, [hans|?).

2 ¢ P e &y
F,1 th t F
PJSqC,NL(O'”)ZH (1_6Xp(__2_2—P)_T/ eXp(_T_T) dy)
J O Oaptt OAF /0 OmY  OAfF
1 Py 1
X (1 - exp(— A P )— ! /Pt exp (— v Y ) dy) (40)
2 2 2 2 2 :
Onja TangPr OANJ /O ONJAY  OANJ
SC NJA NJA NJA
Py yi(out) =P (J_lrg%)’(wL VinL) < 91) +[1-P (J—ll:rZI%),(...,L V1N < 91) P (J:lr,lzl,zg,(.“i Vane) < 92) . 4D
M, M, M;
L
_ NJA .
M, =P (J:]I,IZI%),(.,.,L()/I‘NL) < 91) = 1:[ (I3 + 14)
L 1 Pin
=11 (1 _exp(_§N1,1 Py )_ 1 /Ptr exp(— Gy ) dy)
= 2 2 2 2 2 :
J Ona - OangPr Oans 70 OanNsY  ONJA
(42)
Ll 2
Py, 1 P y g Yy
Is=P (|hANJ|2|hNJA|2 < &y lhang | < —t) = expl ——=— ) —exp| - - —=—) ) &
Py Oany 0 OANJ OnjAY  OANJ
Py, 1 %h {1\2/] y
=l—-exp| —— - exp| —— - —— | d (44)
ing P Oany Y0 OanyY  ONJA

le =P (IhNJAI2 < Cyps Pelhans I > ch) =P (IhNJAI2 < 513],1) , P (IhANJ|2

Py,
> E—
P,
2
_exp(_ Py )—exp(—ENJ’l P )
- 2 2 :
Ny P

(45)
2
Ona OangPr
L
p max NAY g, ) — Ll
(J:l,2,3,...,L(y2’NL) 2 l:[ (Is + I5)
L 5 .
1 (ool ) o [ () ) e
. g 2 2 2 2 .
J Onga CangPi ing J0 o2y T
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In order to derive EC, we should average (56) by taking into
account whether the condition g1 > %’:’ is able to succeed or
not. Firstly, (56) can be re-written as

Ppy\1—1
RinL =P ((Ol —t)

1 1+ 3
=7, > og, (1 +331)

+ P Pl‘h 1 -7
-
1 P, 3
By averaging (57), we obtain

Pth 1—1 o0 ~ ~
Cine=P|p1 = 7 ) 3 log, (14 31) f5,(2) d3y
t

logy (1+32).  (57)

Pth 1—1 © ~ ~
+P\p1> o log, (1 +332) f5,(2) d32,
(58)

where f5, (z) and f5,(z) is the PDF of I and 3, respectively.
Hence, the (58) can be expressed as

Pl‘h I—T/Ool_le(z)dZ
_Pt 2In2 1+Z

I;

Cine = (5’91

Py l—r/ool—FWz(Z)
+l1=pP <= dz,
(“)‘—P,) 22 Jy  1+z
——— —
I
(59
where
Fw, (2) =
L
4cf 40N
J OAFO i OANJONIA
(60)
L e é‘”
o= 1 (1 on(E))(o-en( )
; Op ONJA
(61)
2c
where é‘Iilfj,l P,hllll(ANjAa(tIl —élvzjﬁfvjAz—BNJAZ) and Cﬁvl -

o2Cmz
(AmA—BEa2)Pmr1 *
We compute 7 of (59) as

o) (- 5)

x{1—expl — Pin . (62)
U,ZNJP !

Likewise, the achievable rate of x, can be written as

~ Py
1 — T 10g2 (1 + ‘S3) ) §2 < P_
Ronve = — N Ph (63)
log, (1+34), g2 > 7
t

NJA NJA
where 33 =max;=1,23,...L (05), Sa=max;=1,2.3,...L J,"")

and > = maxy=1 23,1 (|hans|?).
Hence, (63) can be re-written as

Pth 1 -
R =
2.NL = (602 =P, )
Pl‘h 1 — 7T
P —_—
+p (02 ) 15
By averaging (64), we obtain

Pth 1—1 o0 A~
Cone =P (2= 5 ) — log, (1 + 33) dis
t

Pl‘h 1—1 o0 ~ 2
+ Pl > — / log, (1 + 4) d4,

P, 2
(65)

T
log, (1 +33)

log, (1 +34). (64)

where fx,(z) and fx, (z) is the PDF of I3 and 34 respectively.
Hence, the (65) can be expressed as

C Pl/’l 1—T/001_FW3(Z)dZ
R N RN
—_—
Iy

Py,
1—-P < —
f1-r(e =)

—_—
I3

dz,

l—r/oo 1 — Fw,(2)
2In2 I+z

(66)

J OANTONIA

_r SN
Fi,@ =[] 1-exp| -5 ) ) (68)
J ONJA

b _ O'ZCN]AZ
where é‘NJ,l T Puyri(Anjaoa —Ra 1 Anjaz—BNjaz)

where

= ENg 1 P
PngL(out) = H (1 — exp (— 2’ -
J

ona - OangPr

Py
)bl )
2 2 2
Oang 70 OnjaY  Oans

L ¢l 1 L c)
7 Ona OangPr Oany V0 OniAY  OANJ

L 2
NI 1 P
X H e e I
J N Tang P
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FIGURE 3. Outage probability comparison for HTC-NOMA-WPCCN and UL
NOMA with linear and non-linear EH.

‘We compute Ig as

P L
Ig:P(g,)2<—t) (1—exp( ))
l:[ GANJPZ

(69)

To find the EC for x; at AP of the non-linear model,
we substitute the (60), (61) and (62) into (59). Also, we obtain
the EC for x, at AP of the non-linear model, we substitute
the (67), (68) and (69) into (66). To the best of the authors’
knowledge, the integral of (59) and (66) cannot be determined
mathematically in closed forms. However, they can be easily
determined by numerical tools.

C. THROUGHPUT

In this subsection, we analyze the throughput (with lin-
ear and non-linear EH) which is defined as the number of
signals transmitted per period of time successfully. Thus,
the throughput (for linear and non-linear EH) is formulated
as [45]

1-—

®og = (1—P305(om)) r, 2=1,2.  (70)

where PSC 5(0ut) is the OP of x; and xp at AP for linear or
non- hnear EH and are obtained in (27), (31), (40) and (47).
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FIGURE 4. Outage probability w.r.t. - for HTC-NOMA-WPCCN with linear
and non-linear EH.

IV. NUMERICAL RESULTS
In this section, we compute Monte Carlo simulations to prove
the theoretical analysis. The lines in all figures indicate the
simulation results, while the markers indicate the theoreti-
cal derivations. For a fair comparison, it is supposed that
o2=1 [46], SNR= Pi /s> and SNRy, = Pu/s2. The parameters
used in all simulations are given [47], o = 0.01, n = 0.95,
= 0.1, o] = 0.8, oy = 0.2,t = 4, dFA = dAF = 3m,
dnja = dany = Im, dpyy = 2m, SNR;,=5 dB and IRR =
IRR; )y = 111eP fi vy 2.

As a benchmark scheme, we consider that the UL NOMA
scheme has two users far Ur and near Uy from the AP.
It is assumed that the users transmit their signal with their
own power to the AP simultaneously, where the Uy has
higher energy than Ur. For fairness, as described in [11], [48],
and [49], transmitted energy by users in the UL NOMA is
equal to the total power P; while the transmitted energy by
the users in HTC-WPCCN-NOMA is equal to P;/t. The
SIC is implemented at AP, where the Uy signal is detected
directly using MLD due to its higher power, then using the
SIC, Uf signal is detected. To improve the performance of the
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FIGURE 5. Outage probability w.r.t. «, for HTC-NOMA-WPCCN with linear
and non-linear EH.

Ur, the HTC-NOMA-WPCCN is proposed as presented in
Section II. The comparison between UL NOMA and our pro-
posed scheme (with linear and non-linear EH model) under
ideal and non-ideal IQI with ISIC when r; =0.2, r, = 0.3, and
IRR=20 dB is presented in Fig. 3. In this figure, we observe
that the OP of Ug of our scheme with linear and non-linear
EH outperforms the UL NOMA while the OP of Uy with
ideal/non-ideal IQI was better only with J=1 and when J>1,
the Upy with ideal/non-ideal IQI and linear/non-linear EH
outperforms the Uy of UL NOMA. In the non-linear EH,
the Uy with ideal/non-ideal IQI in the high SNR regions was
better than Uyy. It can be seen that the OP in the non-linear
EH reaches a performance floor when SNR;;=5 dB. The
presence of IQI and ISIC in the non-linear EH increases
the error floor at the high SNR regions and degrades the
performance. It is clear that the non-linear EH with IQI affects
the SIC performance and the detection signals at AP. We
observe also the OP of both signals Ur and Upy; improved
as the number of J increased with ideal/non-ideal 1QI, linear/
non-linear EH and with perfect/imperfect SIC. Moreover,
it can be easily seen that the OP of both users with ideal IQI
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FIGURE 6. Outage probability w.r.t. IRR for HTC-NOMA-WPCCN with linear
and non-linear EH.

with all J is superior to the non-ideal condition. Also, the
ISIC with linear/non-linear EH degrades the OP performance
of the Uyy signal with ideal/non-ideal IQI conditions. In the
case of an ISIC, the residual detection of the x; affects the
detection of the x, signal, and this leads to a decrease in
the OP performance of the x, with all Uy;.

In Fig. 4, we evaluate the effect of ¢ on the OP performance
of both users’ signals with Uy; under ideal/non-ideal 1QI
and linear/non-linear EH with ISIC when r;=0.009, r»=0.01,
SNR= 10 dB and IRR= 20 dB. We observe that in the linear
and non-linear EH, the OP of both users’ signals decreased
as 7 increased with all J values under ideal/non-ideal 1QI
conditions. Again, the OP of both users’ signals with J values
under ideal 1QI is superior to the non-ideal condition in all t
values. It can be seen also the non-linear EH degrades the
performance of both signals, which more closely approaches
a practical transmission.

As known in NOMA schemes, power distribution is impor-
tant in detecting signals at receivers for evaluating systems
performance. To evaluate the impact of o> on our system,
Fig. 5, presents the OP of both users’ signals with linear and
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FIGURE 7. EC comparison for HTC-NOMA-WPCCN and UL NOMA with
linear and non-linear EH.

non-linear EH w.r.t ap with Uy; under ideal and non-ideal
1QI with ISIC when r1=0.05, r»=0.01, SNR= 20 dB and /RR=
20 dB. In the linear/non-linear EH, we observe that incre-
menting oy increases the performance of Ur and decreases
the performance of Uy; for the ideal/non-ideal 1QI condi-
tions. The non-linear EH degrades the OP performance of
both users in all o, values. Again, the OP of both users’ sig-
nals with J values under ideal IQI with the linear/non-linear
EH outperforms the non-ideal condition in all «; values.
It is clearly also with increasing J, the gaps between the
ideal and non-ideal curves increase. Increasing o, with ideal/
non-ideal IQI conditions and linear/non-linear EH affects
the SIC process and the detected signals at AP, however,
the non-ideal IQI and non-linear EH have more influence
on the SIC process because it creates more errors in the
system, which emphasizes the significant influence of power
allocation on the RF impairment.

In Fig. 6, we evaluate the impact of IRR on the OP of
both users’ signals for linear and non-linear EH with J val-
ues under ideal and non-ideal IQI with ISIC when r;=0.05,
r2=0.01, and SNR= 20 dB. It is clear that as the IRR grows,
the OP performance of the users for linear and non-linear
EH with all J values increases and becomes almost exact
to that of the ideal scenario (ideal IQI) in the high IRR.
It means that a low IRR is a more severe condition of IQI.
Also, the non-linear EH degrades the performance of both
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FIGURE 8. EC w.r.t. 7 for HTC-NOMA-WPCCN with linear and
non-linear EH.

users. It more closely corresponds to practical transmission.
Again, increasing J improves the OP of users with ideal/
non-ideal conditions at the AP. It is seen that the IQI has a
variety of effects on the OP performance of the users in our
considered system, according to the gaps between the curves
representing perfect IQ matching and the IQI. These results
present and emphasize the detrimental impacts of IQI and
underscore the importance of bringing RF impairments into
consideration.

Fig. 7 presents the EC performance of HTC-NOMA-
WPCCN and UL NOMA with ideal/non-ideal IQI, linear/
non-linear EH and perfect/imperfect SIC when SNR= 20 dB
and /RR= 20 dB. It can be seen that the EC of Ur of our pro-
posed scheme outperforms the Ur UL NOMA with ideal-non
ideal IQI and linear/non-linear EH while the Uy for UL
NOMA has better performance than Uy, despite increasing
J. It is due to a higher power in the UL NOMA. Since the
Ur is targeted for improvement in all CNOMA schemes in
the literature, the Uy of UL NOMA has better EC perfor-
mance than Upy. It can be seen also the EC performance
decreases significantly in the non-linear EH case compared
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FIGURE 9. EC w.r.t. o5 for HTC-NOMA-WPCCN with linear and
non-linear EH.

to linear EH, and the performance decreases more in the
presence of IQI and ISIC. We observe also the EC perfor-
mance of both users with linear/non-linear EH increases as J
increases in all imperfections cases (ideal/non-ideal 1QI and
perfect/imperfect SIC). Also, it is seen that the ISIC decreases
the EC performance of Uy; with ideal/non-ideal IQI condi-
tions. The ISIC has a more significant impact in the presence
of non-linear EH and non-ideal IQI. Furthermore, the EC
performance of the ideal IQI outperforms the non-ideal case
and the non-ideal decreases the EC performance of Uy more
than Up. It is due to the different power allocations of each
user’s signal and SIC process.

In Fig. 8, we present the EC performance of our con-
sidered system with linear and non-linear EH w.r.t T with
ideal/non-ideal and SIC imperfections when SNR=10 dB and
IRR=20 dB. We observe that the optimal 7 is proportional to
the number of Uy; denoted as J with ideal/non-ideal condi-
tions. It can be seen again the ideal IQI is superior to non-ideal
conditions. The non-linear EH degrades the performance at
high SNR regions compared to linear EH, which reflects
the practical transmission. The change of t values has more
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FIGURE 10. EC w.r.t. IRR for HTC-NOMA-WPCCN with linear and
non-linear EH.

effects on the EC performance of the non-ideal IQI, which
explains the influence of T on the RF impairment of our
system.

In order to examine the impact of oy on the EC perfor-
mance of our system, Fig. 9, presents the EC performance
of our considered system with linear and non-linear EH w.r.t
ay with ideal/non-ideal IQI and SIC imperfections when
SNR=20 dB and /RR=20 dB. In both linear and non-linear
EH, it is observed that increasing o increases the EC perfor-
mance of Uy and decreases the EC performance of Ur with
all J values for ideal/non-ideal IQI. Also, the EC performance
of the users with all J values decreases in the presence
of non-ideal IQI imperfections compared to the ideal IQI.
Moreover, the non-linear EH degrades the EC performance
compared to linear EH in all op and the performance is
more degraded in the presence of non-ideal IQI. It can be
stated that the change in «; in the presence of non-ideal IQI
conditions and non-linear EH affects the SIC and the detected
signals at AP, highlighting the substantial effect of o on RF
impairment.
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FIGURE 11. Throughput w.r.t. SNR comparison for HTC-NOMA-WPCCN and
UL NOMA with linear and non-linear EH.

To examine the impact of IRR on the EC performance of
our system, Fig. 10, presents the EC performance of our con-
sidered system with linear and non-linear EH w.r.t IRR with
ideal/non-ideal IQI and SIC imperfections when SNR=20 dB.
In both linear and non-linear EH, it is evident that when IRR
increases, the EC performance of the users with all J values
rises and closely matches the ideal case (ideal IQI) in the high
IRR. Again, the non-linear EH decrease the EC performance
compared to linear EH and the performance get worse in the
presence of non-ideal IQI. Besides, increasing J increases the
OP of users in the ideal/non-ideal IQI conditions. According
to the gaps between the curves depicting perfect IQI matching
and the non-ideal IQI, it can be shown that the non-ideal IQI
has a range of effects on the EC performance of the users in
the considered system which demonstrate the negative effects
of IQI on RF impairments.

In Fig. 11, we present the throughput performance of
our considered system with linear and non-linear EH com-
pared to UL NOMA with ideal/non-ideal IQI and ISIC when
r1=0.2, r»=0.3 and IRR=20 dB. It is observed that U in the
HTC-NOMA-WPCCN with linear and non-linear EH out-
performs its counterpart in the UL NOMA scheme with the
ideal/non-ideal IQI while Uy in the UL NOMA is superior
to Uyy in HTC-NOMA-WPCCN with the ideal/non-ideal IQI
and linear/non-linear EH. It is due to the different distribution
of power allocation levels for users between the UL NOMA
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FIGURE 12. Throughput w.r.t. = for HTC-NOMA-WPCCN with linear and
non-linear EH.

and HTC-NOMA-WPCCN. Also, the non-linear EH limits
throughput performance and is affected more by the presence
of non-ideal IQI, which more closely matches the practical
operation of the transmission. It can be seen also the IQI
has more effect on the Up than Uy; in the UL NOMA.
Also, we can observe a big impact of the IQI on all Uyy in
HTC-NOMA-WPCCN with linear/non-linear EH compared
to Ur. It is due to the SIC process to detect Ur signal in
the systems. In this figure, we observe also the throughput
performance with linear/non-linear EH increases with the
increase of the J values in the ideal/non-ideal IQI and ISIC.
The throughput performance of the ideal IQI outperforms the
non-ideal condition. Furthermore, the ISIC with ideal/non-
ideal IQI conditions decreases the throughput performance
with linear/non-linear EH despite the increase in J values.
Fig. 13 presents the throughput performance with
idea/non-ideal IQI and linear and non-linear EH under ISIC
w.r.t T when r1=0.01, r,=0.009, IRR=20 dB and SNR=10 dB.
In both linear and non-linear EH, we observe that the increase
T increases the throughput performance of both users with
ideal/non-ideal IQI in all J values. Besides, the increasing
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J improves the throughput performance with ideal/non-ideal
IQI conditions. Again, the non-linear EH degrades the per-
formance and is more impacted in the presence of non-ideal
IQI conditions. It is observed that the choice of optimal t
is fully correlated with the number of J values to improve
throughput performance, and this latter is affected by the IQI
imperfections.

In order to examine the impact of oy on the through-
put performance of our system, in Fig. 14, we present the
throughput performance of our considered system with lin-
ear and non-linear EH w.r.t oy with ideal/non-ideal IQI and
SIC imperfections when r=0.2, r,=0.1, SNR=20 dB and
IRR=20 dB. In both linear and non-linear EH, we observe
that the change of oy affects the throughput performance
of users with all J values for ideal/non-ideal IQI. Again,
the non-linear EH degrades the performance of the system,
which is more influenced by non-ideal IQI conditions. Also,
the throughput performance of the users increases with all J
values in the presence of ideal/non-ideal IQI conditions. It can
be concluded that the SIC and the detected signals at AP are
impacted by the change in o and non-linear EH when the
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FIGURE 14. Throughput w.r.t. IRR for HTC-NOMA-WPCCN with linear and
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non-ideal IQI condition is available, emphasizing the signif-
icant impact of oy and non-linear EH on RF impairment.

To evaluate the effect of IRR on our system, Fig. 15, present
the throughput performance with idea/non-ideal IQI and
linear/non-linear EH under ISIC when r1=0.3, r»=0.2 and
SNR=20dB. In both linear/non-linear EH, we observe that
the increase in the throughput performance is proportional
to an increase in J values. Also, throughput performance
degrades in the non-linear EH and the impact increases with
non-ideal IQI. Besides, the growth of the IRR increases the
throughput performance of both users with all J values for
linear/non-linear EH and is nearly matching the ideal IQI in
the high IRR. It is clear that IQI has a negative impact on the
RF impairments in our system.

To evaluate the effect of SNRy, on our system, Fig. 15,
presents the OP, EC and throughput performance w.r.t. SNRy;,
with ideal/non-ideal IQI under ISIC when r1=0.3, r»,=0.2 and
SNR=20dB. We observe that in the OP, EC and throughput,
the system performance improves as SNRy, increases and
creates an error floor at the high SNRy,. Although the curves
indicate enhanced performance when SNRy, is high, this is
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impractical. The presence of IQI degrades the system perfor-
mance of OP, EC and throughput. Again, increases in J values
enhance the system performance of users.

V. CONCLUSION

This paper examines the performance of the proposed
HTC-NOMA-WPCCN with linear/non-linear EH in the pres-
ence of IQI and SIC imperfections. The investigation has been
extended by considering the multi-helper-user scheme to
improve the system’s performance. The OP, EC and through-
put expressions of users were analyzed for linear and non-
linear EH over the Rayleigh fading channel. The proposed
system is compared to the UL NOMA and single helper user,
and its performance is evaluated through different parameters
such as parameters of WPCCN, IQI, ISIC, IRR and power
allocation. Our analytical derivations are verified by com-
puter simulations. The results illustrated that our proposed
system outperforms UL NOMA and the single helper user
schemes. The multi-helper-user with and without IQI and SIC
imperfections increases the system performance. The change
in the IRR, WPCN and power allocation parameters affects
the SIC and IQI which reduce the system’s performance.
The non-linear EH limits system performance in high SNR
regions and is significantly impacted by IQI and SIC imper-
fections. Finally, IQI has a negative impact on RF impairment
despite increasing the number of helper users which confirms
the need for IQI mitigation to exploit the capabilities of
the systems. This paper presents the effects of the practical
implementations of non-linear EH with practical drawbacks,
such as ISIC and IQI, which will be useful in future research.
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