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With the increasing demand for efficient wireless communication services, re-
searchers are actively seeking innovative solutions to optimize spectrum utiliza-
tion. Two promising technologies, cognitive radio and non-orthogonal multiple
access (CR-NOMA), have emerged as key enablers for next-generation wireless
communication. By harnessing the available radio frequency spectrum, devices
can cooperatively connect and communicate more efficiently, while also gath-
ering energy to support green communication. This study investigates the up-
link simultaneous wireless power and information transfer (SWIPT) using a CR-
NOMA system over Rayleigh fading channel, focusing on energy harvesting at
the secondary transmitter (ST) as a cooperation node. Here, primary/secondary
receivers (PR/SR) communicate with the ST, during first phase, which then uti-
lizes the harvested power to transmit the primary data to the primary transmit-
ter. This paper enhances the proposed system cell-edge user performance and

Simultaneous wireless
information and power transfer

derives analytical frameworks for outage probability, throughput, and ergodic
capacity of PR, SR, respectively. Additionally, our results determine the optimal
power allocation scheme to enhance the performance of PR/SR signals.
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1. INTRODUCTION

The next generation of wireless communication systems demands higher spectral efficiency (SE),
enhanced capacity, and improved interference management to accommodate the growing number of connected
devices. To meet these requirements, cognitive radio (CR) and non-orthogonal multiple access (NOMA) have
emerged as key technologies [[1], [2]. NOMA enables multiple users to share the same frequency resource
through power-domain multiplexing, where successive interference cancellation (SIC) is applied at the receiver
to mitigate inter-user interference. In downlink transmission, the far user (FU) receives higher power allocation,
while in uplink NOMA, users with stronger channels are decoded first using SIC. Cognitive radio networks
(CRNs) complement NOMA by allowing secondary users (SUs) to access licensed spectrum opportunistically
without violating the quality of service (QoS) requirements of primary users (PUs).

Recent research has advanced several directions that directly relate to the present study. Several re-
cent studies investigate the joint use of intelligent reflecting surfaces (IRS), simultaneous wireless information
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and power transfer (SWIPT), and full-duplex (FD) NOMA for ultra-massive machine-type communications
(umMTC), demonstrating that IRS-assisted beamforming and SWIPT can mitigate FD self-interference while
substantially improving energy- and spectral-efficiency in dense deployments [3]—[3]]. This work motivates our
discussion of IRS and FD extensions, and highlights the practical trade-offs between spectral gains and residual
self-interference in energy-harvesting relays.

Integrating CR and NOMA offers enhanced spectral and energy efficiency for beyond-5G and 6G
networks [[6]-[8]]. Prior studies have explored cooperative relaying in CR-NOMA to improve connectivity and
latency performance [9]—[13]]. However, most works either focus on downlink transmission, assume perfect
SIC, or neglect the impact of energy constraints at cooperative nodes [[14]—[16]. As cooperative relays con-
sume additional power for data forwarding, maintaining their energy sustainability becomes challenging. To
overcome this constraint, SWIPT is being proposed, where nodes may harvest energy from radio frequency
(RF) signals while receiving data [17]-[24]. The synergy of CR, NOMA, and SWIPT offers a comprehen-
sive solution to realize both SE and self-sustainability. Motivated by these issues, this work studies a uplink
CR-based SWIPT-NOMA system with an EH relay functioning over Rayleigh fading channels. The suggested
framework examines the effect of perfect and imperfect SIC scenarios and produces novel closed-form expres-
sions for outage probability (OP), system throughput and ergodic capacity (EC). An optimal power allocation
(OPA) strategy is proposed to optimize the PR rate under QoS restrictions of all users. Monte Carlo simula-
tions were carried out to validate the numerical outcomes and the benefits of OPA compared with fixed power
allocation (FPA) in terms of OP and EC performance are illustrated.

The suggested method model has promising potential for internet of things (IoT), green communica-
tion, and 5G/6G cognitive networks in which there are prevalent energy-constrained relay nodes. The study’s
key contributions are summarized as follows:

— Development of a new uplink CR-SWIPT-NOMA framework with an EH relay under Ray-leigh fading
channels.

— Derivation of closed-form analytical expressions for OP, throughput, and EC under both pSIC and iSIC
modes.

— Proposal of a low-complexity OPA scheme that significantly improves OP and EC compared to conventional
FPA and OMA systems.

Future extensions of this work may include multi-user and multi-relay configurations, machine learn-
ing (ML)-based resource allocation for intelligent adaptation and FD transmission to overcome half-duplex
losses [23]—[27]. Integrating IRS and physical-layer security optimization [28]], [29] can further enhance per-
formance in practical IoT and cognitive radio deployments. Recent studies have explored beamforming, power
allocation, user pairing, and cooperative relaying to improve NOMA network performance. Their findings
indicate that efficient resource optimization enhances capacity, reliability, and spectral efficiency [30]—[34].

Outline of the paper: the manuscript is structured as follows: section 2 describes the proposed system
model for the CR-based uplink SWIPT-NOMA system. Section 3 presents the analytical framework, deriving
closed-form expressions for OP, throughput, and EC. Sections 4 and 5 provides simulation model and simu-
lated results and discussions, comparing analytical and Monte Carlo results. Section 6 concludes the work,
summarizing the findings and suggesting future research directions.

2. PROPOSED SYSTEM AND TRANSMISSION MODELS

The proposed CR-based uplink SWIPT-NOMA system is depicted in Figure[I] where the primary re-
ceiver (PR) and the secondary receiver (SR) communicate with the primary transmitter (PT) and the secondary
transmitter (ST) as well. The system equips all nodes with single antennas and operates in HD mode. We
assume that all channel fading coefficients, h1, hs, h3, hg, and hs experience Rayleigh fading distribution, plus
additive white Gaussian noise (AWGN) with 0 mean and o variance. The whole transmission consists of the
following phases as follows:
Phase-I: in this phase, ST will harvest energy from the PR, the harvested energy is given as (1) [22]:

Esg = nP,|ho|*rT, (1)

where 7) is the energy conversion efficiency, P, is the transmit power at PR node, and 71" refers to the time
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taken for EH. The harvested power is given as (2) [22]:

QESR _ 277Pp7’|h2|2

_ 2
A=nT - (=n = Dl 2)

Psr =

where 1) = (122:) . The received signals during the first phase at ST and PT are given as (3) and (4):
Y5t = V/arPpsiha + \/az Pusahs + n, 3)
y}l% = /a1 Pys1hy + \/azPysshg +ny, 4)

where P; s the transmit power at SR node, n,, and n, are the AWGN noise vector at PT and ST, respectively.
The received signal-to-interference-plus-noise ratio (SINR) of the ST and PT are given as (5) and (6):

2 2
o) G2plhal o wy_apll” -
- arp |l +1’ rr Bagp |ha]® + 1
sy __asplhs® ) _aplh|t "
o arp |hol* +1' 5 Basp |hs)* + 1
where (0 < 8 < 1), p (=25 = 25), |h1|*, |ha|?, |hs|?, and |hy|® are the imperfect SIC parameter, transmit

signal-to-noise ratio (SNR) at PR/SR, respectively, and the channel fading gains between PR to PT, PR to ST,
SR to ST, and SR to PT, respectively.
Phase-II: in this phase, SR node utilizes the total EH to transmit the primary data to PT as (7) and (8):

y2) = \/Psgrsihs +n, 7

s12) _ Psglhs)?
PT = 2

= pylhs|?|haf*. ®)

where, 7}?}2) is the received SINR at the PT during the second phase. To process the received information,

the PT adopts the selection combining (SC) technique, where the signal corresponding to the higher received
SNR among the two transmission phases is selected for decoding. Accordingly, the effective SNR associated
with symbol s; at the PT can be expressed as the maximum of the SNRs obtained during the two phases, i.e.,

VPR = max(v;}(l), VFT(Q)), as (9)—(11):

1 :
Ryt = S logy (1+77) ©)
1 :
R = S logy (1493 (10)
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Figure 1. Proposed system model
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2.1. Optimization problem

Enhancing the corresponding PA parameter, a;, will improve FU performance simultaneously main-
taining the total power limitation and the target rate needed by users. This optimization maximizes the sum-rate
of the suggested EH enabled CR-NOMA network. Considering the QoS for every user, the minimal target rates
for PR and SR users in a downlink CR-NOMA system are R;j1 and Ryj2, respectively.

(1)

Objective : n}l?x Rgr (12a)
st: RGLL. > Rum (12b)
0.5<a; <1 (12¢)

According to [32], for a PR transmission to remain effectively detected, the PR rate must be greater than or
equal to its target rate.

Rk(gli)’ﬁsl > Rim

where R,y is the target rate of sq, optimal value of PR can be computed as (13) [32]:

L (1+ﬂp\h3\2)
aop >

> (13)
p (12l + By lhsl?)

asPt =1 — af?*
where v, = 2R _ 1,

The OPA coefficients are obtained using the procedure outlined in Algorithm 1. The algorithm com-
putes the feasible power allocation factor for the primary signal based on the target rate and channel conditions,
while the remaining power is allocated to the secondary signal to maximize the PR rate.

Algorithm 1. Optimal power allocation

Objective: To maximize PR rate under the given constraints.

Input: Ry, B, p. |hof?, |hs]?

Output: a‘l)pt , a2

: Compute ~p = 2Rth1 1

: Calculate a(l’pt .

: if a‘fpt < 0.5 then a‘l’pt = Uniform Random Variable between 0.5 and 1.
: if acl’pt>1 then acl’ptzl.
: Set ag:l—aim

t
, a2)

o U b W N

: return (a}?

2.2. Detailed justifications

The Rayleigh fading model is employed as a standard benchmark to represent rich-scattering, non-
line-of-sight (NLOS) wireless environments, which are typical in urban and indoor communication scenarios.
This assumption enables analytical tractability and provides a fair comparison with existing works in CR-
NOMA and SWIPT literature, such as [9]], [1O], [20], [21]. In addition, the Rayleigh model merely takes into
consideration the unpredictability of propagation across multiple paths despite the need of a dominating line-
of-sight (LOS) part, and hence it is applicable for assessing the robustness of the proposed system under broad
fading circumstances. The single antenna arrangement at each node (PT, PR, ST, and SR) is a realistic and
energy-constrained IoT relay scenario, how strong devices are usually cost- and size-limited. This simplicity
is in line with practical deployment scenarios such as low-power cognitive sensors and edge relays, where
hardware restrictions do not allow for many antennas. Furthermore, it guarantees the applicability of the results
to huge IoT and rural network applications, where single-antenna devices are prevalent due to cost and energy
limits. The HD operation is assumed at the relay to avoid self-interference and circuit complexity inherent
in FD relaying. While HD operation incurs a loss in SE, it provides a power-efficient and hardware-feasible
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solution for energy-harvesting relays that rely on limited harvested energy. This assumption is consistent with
prior SWIPT-NOMA and cooperative CR systems that target low-power and low-cost designs. Nevertheless,
potential extensions of this work can consider multi-antenna (MA) and FD configurations, which have been
shown to further enhance spectrum utilization and throughput in cooperative NOMA and SWIPT systems [23]],
[26]. For instance, Xie ef al. [25] demonstrated that MA based SWIPT-NOMA relays can improve energy
and SE through adaptive user selection and dynamic power allocation, while Nguyen et al. [26] evaluated the
performance of FD SWIPT cooperative NOMA-based IoT relay networks, showing that SE gains are achievable
despite residual self-interference challenges.

3. ANALYSIS OF OUTAGE, THROUGHPUT, AND ERGODIC CAPACITY
Now we derive the analytical closed-form equations for both PR and SR, accordingly, for OP, EC, and
throughput as follows:

3.1. Outage probability
The OP of the PR for decoding s; at the PT/ST can be determined as (14)—(20):

1 2
Pity = Pr{vg < v < 2} + Pr{2g > o max {130,752} <, } (14)

Pl =Pr {'yng(l) < vp} Pr {vf;,lT(l) < 'Vp} +Pr {wng(l) > 'yp} Pr {max {'yIS;T(l),'ylS}Tm} < ’yp} (15)

A Ag 1—Aq Az
) (aﬁp |ha|? + 1) Tp o aTASEr
1P 1+ ( al)\2 P)
) (azﬂﬂ |ha|?® + 1) p TR
AQZPI‘ |h1‘ < a :l—ﬁ (17)
2 4
1P 1+ ( alAI P)
Az =Pr {7;1}1) < ’yp} Pr {7;17(12) < 'yp} . (18)
A2 A4
o0
1 =
Ay =Pr<|h 2<77p}:/(17exp{7 L })*6 X2 dz. (19)
{‘ g a1w1p|h2|2 ) a191px A2
The closed-form solutions for the integral in (24) are derived using [35} (3.324.1)]:
Ag=1- \/ Rl K (\/ Rl ) =1— K (Vi) (20)
a191pAaA2 a19P1pAaA2

where u1 = Wﬁ% K (.) is the modified Bessel function of the first order.
The OP of so can be written as (21) and (22):

P2 —Pr {732}1) < %} Q1)
|
A5

(arplhaf® +1) 7

azp

o0 Vs

1 _(agpril)ys _ e a273p

= — 1—e  a20%s e dr=1-— ——F———
)\2 1 + ai1X2ys

0 az A3

As =Pr{ |hsl? <
(22)
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3.2. System throughput
Thus the system throughput for the proposed scheme can be expressed as (23) [34]:

’rﬁys = (RiR + RiR) (1 - R@ys) (23)
where Psy s is the system OP and it can be expressed as (24) [36], [37]:

Psyszpjﬁt"‘P;;t_Pslpsz 24)

out” out

A 2 . s o
let X = %, the random variable X follows exponential distribution, then the cumulative distribution func-
1 2

tion (CDF) of X can be given by,

ag)\3 R
Fy(z)=1———9223 )"
x (@) <a2>\3 + ﬁbl)\ﬂ‘) e e

3.3. Ergodic capacity
When the effects of various fading channels are averaged out, the maximum achievable rate is termed EC.
We derive and examine closed-form expressions for the exact EC of PR and SR.

3.3.1. Ergodic capacity of secondary receiver
The EC of SR can be given as (25) and (26):

- 1
B [R?) = RS = 5E [log, (1493)] (25)
. 1 [ ot =
Rg = g5 | TR s da (26)
0

Now the closed-form solution for the above expression can be obtained using [35} (3.352.4)].

= ePur gy | — —eBur"Ei [ — 27
# 2In2 (a2A3 — BaiAz) [ BaiA2p agA3p @7)

3.3.2. Ergodic capacity of primary receiver
The EC of PR can be given as (28):

av]}

Ry = E(RY) @
where,
R = max(R2 D) R ) (29)
oo 0o
R0 = Liogy (14934") = 3 [rogat+ 0y = b [ 155 W, (30
0 0

The CDF of Y can be estimated using As,
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¢~ TR
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The integral in (37) can be solved using [35} (3.352.4)].
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o0 o0
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0 0

To assess the performance of the proposed system under various operating conditions, numerical simula-
tions are conducted using the parameters listed in Table 1. The selected values are used for both analytical and Monte
Carlo evaluations.

Table 1. Simulation parameters

Parameter Symbol Value
No. of Monte Carlo runs N 108
Transmit SNR p 0-30 dBm
Power allocation coefficient al 0.6
Power allocation coefficient a2 0.4
Time switching ratio T 0.5
Energy conversion efficiency 7 0.8
Target rates Ryp1 and Rypo 1 bps/Hz
Noise variance o 3.9811 x 10~1°

4. SIMULATION MODEL

In this section, a MATLAB based simulation framework is developed based on the analytical framework
presented in the previous section. The simulation flow process for computing the OP of the proposed system is
generated using Algorithm 2 as follows:

Algorithm 2. Outage probability analysis of CR-NOMA system

Require: N = Number of Monte-Carlo simulations, di,d2 = Distances of far and near users
from BS, aj1,az = Power allocation coefficients (a1 + a2 = 1), n = Pathloss exponent, P, =
Ps = Transmit powers, h = Rayleigh fading channels, n = AWGN noise, and, Rip1,Ripa are
Target rate thresholds.

Ensure: Outage probability of SR and PR

1: Initialize outage counters p; =0, p2 =0

2: for u=1 to N do

3: Generate Rayleigh fading channels for all links

4 Compute instantaneous SNRs:

5 s1(1) _ _aiplh]?

TPT = Bagplha417 29
s1(2 Psglhs|?
v = Esalsls — pylhs|?|hof?.
s2(1) _ _applhs|?
6 TsT T aiplha?P+1”
7 Relays decode using DF protocol and forward to users
8: Compute cooperative SNRs Tri—n, Vr2—n,; Yri—fr Vr2—f
9 Far user applies SC: 'y;}R:maX('y;,lqg),’y;lT@)).
10: Compute achievable rates:
. s1 _ 1 s1
11: Rp! = 3logy (1+75%)
1 so (1
12 R = Llog, (1+73")
13: If R‘;l < Rip1, update outage counter: pj1<p1+1
14: If RS? < Ry, update outage counter: po ¢ p2+1

15: end for

16: Compute outage probabilities:
s1

17:  PUD =p/N

18: P32 —py/N

out

S. RESULTS AND DISCUSSION
In this part, the statistical and simulated outcomes will be provided to validate a suggested CR based uplink
SWIPT-NOMA network.

5.1. Quantitative and sensitivity analysis
A quantitative performance assessment is included to provide explicit numerical insights and parameter
sensitivity. Simulation outcomes presented in Figures 2 and 3 show that the proposed OPA scheme achieves ap-
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proximately 7-9% lower OP and 15-20% higher EC compared to FPA at high transmit SNR (30 dB). The system
throughput improves by nearly 12%, confirming the efficiency of OPA under both pSIC and iSIC modes. Sensitivity
analysis indicates that the system performance is most influenced by the energy conversion efficiency (7) and the
time-switching ratio (7). A 10% reduction in n leads to approximately 6% capacity degradation, while varying 7
between 0.4 and 0.6 shifts the outage curve by about 2-3 dB. In contrast, the residual interference factor () mainly
affects the iSIC regime, where a 0.1 increase in (3 raises the OP by nearly 5%. These quantitative observations confirm
that the proposed CR-based uplink SWIPT-NOMA framework maintains strong robustness to parameter variations
while offering superior secrecy-efficiency and energy-throughput trade-offs.

The output curves associated with the pSIC and i-SIC modes, measured as a function of p,, are shown in
Figure 2(a). The Rayleigh fading channel with fixed data rates R;;; and R,o, both set at 1 bps/Hz, has been taken
into consideration in this scenario. The computational outcomes over the Rayleigh fading channel are in excellent
alignment with the corresponding the findings of analysis as described in (14) and (24). While pSIC scenario exhibits
an upward trend in outage performance as transmit SNR readings grow, i-SIC mode displays the exact reverse: outage
performance decreases as residual interference component increases. In addition, it is clear that as the transmit SNR
increases, the OP performance for users PR and SR improves in both the FPA and OPA algorithms. Lastly, when
tested over a Rayleigh fading channel, the OP performance using the OPA scheme was found to be superior to that of
the current traditional fixed PA system. The results of the system’s outage performances are shown in Figure 2(b), in
comparison to the transmit power. System outages are worsened for the planned TSR protocol-based uplink SWIPT-
CR-NOMA system due to residual interference induced by i-SIC at SR. System breakdowns occur more frequently
in the CR-NOMA networks as a result of a decrease in SINR over the SR-ST link and a rise in v, which leads to a
bigger average power level at SR. When compared to our suggested TSR-based EH-enabled CR-NOMA system with
a fixed PA algorithm, the one with an optimal PA strategy performed better.

10
=
z E
= ]
= 2
]
2
2 a
g g
& El
& =1
g S
S £
=
ES
©— OP of SR (FPA) S 0!
= = = +OP of SR (OPA) ~o
= OP of PR (FPA-pSIC) 3
= = = - OP of PR (OPA-pSIC)
—#— OP of PR (FPA-i-SIC) —r— System outage Probability (pSIC)
I it - OP of PR (OPA-i-SIC) —O— System outage Probability (ipSIC)
107 L L L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Transmit power (dBm) Transmit Power (dBm)
(a) (b)

Figure 2. Curves of OP and system OP in terms of transmit power; (a) transmit power vs OP under FFA/OPA
schemes and (b) transmit power vs system OP with iSIC/ipSIC modes

Figure 3(a) examines the SNR range between 10 dBm and 30 dBm to highlight the effects of the SC
diversity schemes. As illustrated in Figure 3(a), the system observes an improved performance in terms of system
throughput for the proposed system with optimal PA scheme than fixed PA scheme. The EC is plotted against the
transmit SNR over a Rayleigh fading channel (see Figure 3(b)), when both optimal and fixed PA are considered in
pSIC and ipSIC situations. The EC of both PR and SR users grows exponentially with the increase in transmit power.
The graphs for the OMA and fixed PA-based downlink NOMA systems are shown so that they can be compared.

5.2. Computational complexity analysis

The FPA scheme employs predefined power coefficients (a1, a2 ), requiring only direct substitution into the
closed-form analytical expressions, resulting in a constant complexity of O(1) per realization. In contrast, the OPA
scheme determines a‘ipt from the analytical expression in (13) using instantaneous channel gains, involving a few
arithmetic operations without iterative search, yielding a linear complexity of O(N) for N realizations. Thus, OPA
introduces negligible additional computational cost while achieving significant performance improvement. Unlike
iterative or ML-based optimization schemes [23], [25], the proposed OPA method remains lightweight and suitable
for real-time IoT and EH relay applications.
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Figure 3. Curves of system throughput and EC; (a) transmit power vs system throughput under FPA/OPA
schemes and (b) transmit power vs EC under FPA/OPA schemes with pSIC/ipSIC modes

5.3. Comparative discussion and performance insights

A comprehensive comparison with conventional OMA and recent cooperative CR-NOMA designs is pre-
sented to broaden the performance evaluation and interpret the obtained results. As observed from Figures 2 and
3, the proposed OPA-based CR-SWIPT-NOMA framework consistently outperforms existing benchmark systems in
terms of OP, system throughput, and EC. Compared to OMA and fixed-power CR-NOMA schemes reported in [9]],
[10], [201], [21], the proposed model achieves up to 8% lower OP and nearly 10% higher throughput at high SNR
levels. These gains stem from the integration of energy harvesting and adaptive power allocation, which together op-
timize spectral and energy efficiencies. From a critical perspective, the OPA scheme dynamically adapts transmission
power to instantaneous channel conditions, preventing over-allocation to weak channels and improving link reliabil-
ity. Under pSIC, the performance improves rapidly with increasing SNR since interference is nearly suppressed,
while in iSIC conditions, residual interference slightly limits the achievable gains. The TSR also plays a key role by
balancing the trade-off between harvested energy and decoding capability, leading to an optimal transmit SNR region
for maximum throughput. Unlike conventional CR-NOMA relaying frameworks that assume static power control or
ideal interference cancellation, the proposed design effectively captures practical conditions of imperfect SIC and
dynamic energy harvesting, offering a more realistic and robust uplink solution suitable for energy-constrained IoT
and cognitive wireless networks.

5.3.1. Implications of findings

For CR-NOMA system design: the results suggest that integrating SWIPT with OPA can significantly ex-
tend the operational lifetime of cooperative relays in cognitive networks without degrading primary user QoS. For
SIC imperfection handling: the performance gap between pSIC and i-SIC highlights the importance of interfer-
ence suppression in practical systems, guiding designers to prioritize robust SIC algorithms. For energy efficiency
goals: the optimal p findings can inform hardware-level energy harvesting designs in IoT and green communication
deployments.

6. CONCLUSION

This study analyzed a CR based uplink SWIPT-NOMA system, where the secondary relay node assists
primary communication using harvested energy under both perfect and imperfect SIC conditions. Closed-form ex-
pressions for OP, system throughput, and EC were derived over Rayleigh fading channels, and the analytical findings
were validated through Monte Carlo simulations. The results confirmed that the proposed OPA scheme significantly
enhances spectral and energy efficiencies, achieving lower OP and higher capacity compared to FPA and OMA
benchmarks. Beyond theoretical validation, the proposed framework offers strong practical relevance for future
wireless networks. By integrating SWIPT with adaptive power allocation, the system supports self-sustainable and
low-power operation suitable for IoT devices, 5G/6G small-cell networks, and green communication infrastructures.
Its simplicity, low computational cost, and adaptability make it feasible for sensor networks, vehicular-to-everything
(V2X) systems, and emergency communication setups where both energy efficiency and reliability are critical. Fur-
thermore, the findings provide useful design guidelines for energy-constrained cooperative relays, suggesting that
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practical implementations can leverage low-loss EH circuits and adaptive power control to balance throughput and
sustainability.

Future work can extend this model to MA and FD configurations, where additional spatial diversity and
continuous transmission can further boost system efficiency. Integrating ML-based user selection and power alloca-
tion mechanisms also presents a promising avenue for achieving intelligent, self-optimizing SWIPT-NOMA systems
in 6G environments.
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