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Abstract - This paper provides a comprehensive survey on the integration of Simultaneous Wireless
Information and Power Transfer (SWIPT) into Cognitive Radio-Inspired Non-Orthogonal Multiple Access
(CR-NOMA) systems. It examines the potential of SWIPT to enhance energy efficiency and spectrum
utilization, analyzes key challenges, and discusses state-of-the-art solutions. Future research directions are
also highlighted, focusing on energy harvesting, interference management, and real-world deployment.
Existing research is reviewed to highlight advancements, challenges, and potential applications.

Novel mathematical models are proposed to optimize energy efficiency and spectrum usage.
Simulation results validate the effectiveness of these approaches, while practical implementation
considerations are discussed, paving the way for next-generation wireless networks. It analyzes existing
research, identify potential gaps, and propose original contributions to advance the state-of-the-art in
SWIPT-enabled CR-NOMA systems.

Index Terms: SWIPT, CR, NOMA, Energy harvesting (EH), power splitting factor, Power allocation (PA),
Spectrum sharing.

I. INTRODUCTION

This research paper presents a comprehensive analysis of Simultaneous Wireless Information and
Power Transfer (SWIPT) in cognitive radio systems, with a particular focus on its integration with Non-
Orthogonal Multiple Access (NOMA) methods [1],[2]. SWIPT represents a significant advancement in
wireless communication technology, as it enables the simultaneous delivery of power and information,
which is essential for the burgeoning Internet of Things [3] and other energy-constrained applications. The
study underscores the potential of SWIPT to enhance the efficiency and functionality of cognitive radio
networks, where the dynamic allocation of spectrum can optimize both data transmission and energy
harvesting.

Key findings reveal that incorporating NOMA techniques with SWIPT [1] not only improves
spectral efficiency but also ensures robust performance in terms of user fairness and energy sustainability.
The paper demonstrates that the combination of SWIPT and NOMA can effectively manage multiple users
in a wireless environment, allowing for increased data rates without requiring additional power resources.
Furthermore, the analysis indicates that the proposed system can adaptively allocate power and information
streams based on user demands and channel conditions, leading to improved overall network performance.

In recent years, the convergence of wireless communication and energy harvesting technologies [4]
has given rise to innovative frameworks that enhance the performance and sustainability of networks. One
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such framework is Simultaneous Wireless Information and Power Transfer (SWIPT), which allows devices
to extract energy from the wireless signals they receive while simultaneously receiving data. This dual
functionality is particularly advantageous in applications where devices are energy-constrained, such as in
the Internet of Things (IoT) and remote sensor networks. Cognitive radio networks further complement this
concept by allowing dynamic spectrum management and efficient resource allocation, addressing the
growing demand for wireless communication in an increasingly congested spectrum environment.

The evolution of Non-Orthogonal Multiple Access (NOMA) techniques [5] represents a significant
stride towards optimizing spectrum utilization. Unlike traditional orthogonal access methods, NOMA
enables multiple users to share the same frequency band simultaneously by employing power domain
multiplexing. This approach not only increases the capacity of wireless networks but also enhances user
experience by promoting fairness among users with varying channel conditions. The amalgamation of
SWIPT and NOMA creates a compelling opportunity to tackle the challenges posed by high user density
and limited energy resources.

The motivation for combining these technologies stems from the need for more efficient and
sustainable wireless communication systems. By integrating SWIPT with NOMA, we can achieve higher
spectral efficiency while supporting energy-harvesting capabilities. This survey aims to explore the
underlying principles, advancements, and potential applications of SWIPT-NOMA systems [5] within
cognitive radio networks. The objectives include providing a comprehensive overview of the current state
of research, identifying key challenges, and highlighting future directions that can lead to enhanced
performance and greater energy efficiency in next-generation wireless systems. The advent of the Internet
of Things (IoT) and the increasing proliferation of wireless devices have placed immense pressure on
existing wireless networks [6]. To address these challenges, SWIPT, CR, and NOMA have emerged as
promising technologies. SWIPT enables simultaneous transmission of information and energy, CR allows
secondary users to access licensed spectrum opportunistically, and NOMA improves spectral efficiency by
allowing multiple users to share the same time and frequency resources.

1. SWIPT Technology

SWIPT is a revolutionary technology that enables simultaneous wireless information and power
transfer. It leverages the inherent energy carried by radio frequency (RF) signals to power energy-
constrained devices. By employing power splitting (PS) or time switching (TS) techniques, SWIPT enables
devices to harvest energy and decode information from the same RF signal. Simultaneous Wireless
Information and Power Transfer (SWIPT) techniques [6] play a crucial role in enhancing the performance
of cognitive radio systems by enabling devices to harvest energy while concurrently receiving data. Energy
harvesting methods are diverse, and their effectiveness greatly influences the overall efficiency of SWIPT
implementations. Among the prominent techniques are Time Switching (TS), Power Splitting (PS) [7], and
Harvest-Then-Transmit (HTT) methods.

Energy Harvesting Model
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Fig.1: The schematic diagram of the wireless energy harvesting [2]

Assuming that all terminals collect energy from the RF signal using time-switching techniques and
perform SWIPT techniques, the terminals split the received signal from the H-AP into two parts: in the first
time slot for information transfer and in the second time slot for energy harvesting.

Time Switching (TS): In this approach, the available time is divided into two distinct phases—one
dedicated to energy harvesting and the other for information transmission. While TS is straightforward to
implement, it can lead to inefficiencies due to the non-overlapping nature of energy and data transmission.

Power Splitting (PS): The PS method allows simultaneous energy harvesting and data reception. The base
station transmits a combined signal, which is split at the receiver using a power splitter. The effectiveness
of PS can be mathematically represented by the power allocation ratio.

Harvest-Then-Transmit (HTT): This method entails a two-phase operation where devices first harvest
energy before utilizing it for data transmission. While HTT can improve energy efficiency, it may lead to
delays in communication, making it less suitable for real-time applications.

2. Cognitive Radio Technology

Cognitive Radio (CR) technology is based on the principles of dynamic spectrum management,
enabling efficient use of the radio frequency spectrum. The primary goals of CR systems are to enhance
spectrum utilization, minimize interference, and improve communication performance. This is achieved
through three core processes: spectrum sensing, spectrum management, and spectrum sharing.

A. Spectrum Sensing

Spectrum sensing is the first step in the CR process, involving the identification of unused spectrum
bands or "white spaces" that can be opportunistically accessed by secondary users (SUs). By continuously
monitoring the spectrum, CR devices can detect the presence of primary users (PUs) and assess the
availability of channels. Advanced sensing techniques, such as energy detection, matched filtering, and
cyclostationary feature detection, are employed to enhance the accuracy of spectrum sensing. The
effectiveness of these methods can be quantified using the probability of detection (Pd) and the probability
of false alarm (Pf), which are critical for assessing the reliability of the CR system.

B. Spectrum Management

Volume 15, Issue 05, Jun 2025 ISSN 2457-0362 Page 403



International Journal For Advanced Research
In Science & Technology

IJA_RST ISSN: 24570362

Once spectrum opportunities are identified, the next principle is spectrum management. This
involves the efficient allocation of available spectrum resources to SUs while ensuring compliance with
regulatory constraints that protect PUs. Spectrum management strategies may include dynamic frequency
selection, power control, and adaptive modulation techniques. The goal is to maximize the throughput for
SUs while minimizing interference to PUs. A common metric used in spectrum management is the capacity
(C), which can be expressed by the Shannon-Hartley theorem:

P
= BI 1+—-
C 0g,( +N0B

C. Spectrum Sharing

Spectrum sharing is the final principle of cognitive radio, allowing multiple users to coexist on the
same frequency band without significant interference. Techniques such as time-division multiple access
(TDMA), frequency-division multiple access (FDMA), and code-division multiple access (CDMA) can be
utilized to facilitate sharing. The main challenge in spectrum sharing is to develop protocols that
dynamically adjust to the varying spectrum conditions, ensuring fairness among users while optimizing
overall system performance.

In summary, the principles of cognitive radio spectrum sensing, management, and sharing are
fundamental to enhancing wireless communication performance, enabling more efficient use of the limited
radio frequency spectrum.

3. Non-Orthogonal Multiple Access

Non-Orthogonal Multiple Access (NOMA) represents a significant advancement in wireless
communication technology, particularly in scenarios requiring efficient spectrum utilization. Unlike
traditional Orthogonal Multiple Access (OMA) methods, which allocate distinct time or frequency
resources to users, NOMA allows multiple users to share the same spectrum resources [8] simultaneously.
This is achieved through power-domain multiplexing, where users are differentiated based on their power
levels. The user with better channel conditions receives a stronger signal, while the user with poorer
conditions is allocated a weaker signal, thus enabling the system to serve multiple users without the need
for exclusive access. The integration of NOMA with Simultaneous Wireless Information and Power
Transfer (SWIPT) presents unique advantages. In a typical NOMA setup, users are grouped into clusters
based on their channel conditions. The base station transmits signals to these users using different power
levels, facilitating simultaneous data transmission and energy harvesting. The mathematical representation
of the achievable rate for user (Rk) in a NOMA system can be expressed as:

Pyhy,

R, =log,(1 +
* Ba( 2j#k Pihj + No

where (Px) is the power allocated to user (k), (hk) is the channel gain of user (k), and (No) is the noise
spectral density. This equation underscores the importance of power allocation in optimizing both data rates
and energy harvesting capabilities for users.

NOMA is a promising multiple access technique that allows multiple users to share the same time
and frequency resources. By exploiting power domain multiplexing, NOMA enables simultaneous
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transmission of multiple users' signals with different power levels. Successive interference cancellation
(SIC) is employed at the receivers to decode the signals of users with higher power levels first, treating the
signals of lower-power users as interference. This enables NOMA to achieve higher spectral efficiency
compared to conventional orthogonal multiple access (OMA) techniques.

4. SWIPT-Enabled CR-NOMA Systems

The integration of NOMA within Cognitive Radio frameworks enhances the overall system
performance [9]. CR systems can dynamically allocate spectrum resources based on real-time availability,
while NOMA can efficiently manage multiple users accessing these resources. The combination of these
technologies supports improved spectral efficiency, particularly in environments with fluctuating spectrum
availability. Furthermore, the advantages of NOMA in terms of increased capacity and energy efficiency
align well with the goals of CR, making it a promising area for future research and development.

In summary, NOMA provides an innovative approach to managing user access in wireless networks,
particularly when integrated with SWIPT and cognitive radio systems. Its unique characteristics allow for
higher efficiency and improved service quality in next-generation wireless communication.

The integration of SWIPT, CR, and NOMA offers several advantages:
o Enhanced Spectrum Efficiency: NOMA improves spectral efficiency by allowing multiple users
to share the same resources.
o Improved Energy Efficiency: SWIPT enables energy harvesting, reducing the reliance on batteries
and extending the lifetime of energy-constrained devices.
o Flexible Spectrum Access: CR enables dynamic spectrum access, allowing secondary users to
utilize the unused spectrum opportunistically.

II. LITERATURE REVIEW AND ANALYSIS

The integration of Simultaneous Wireless Information and Power Transfer (SWIPT) with Non-
Orthogonal Multiple Access (NOMA) has garnered significant attention in the literature, particularly for its
potential applications in cognitive radio networks. Numerous studies have highlighted the benefits of
SWIPT, which enables devices to harvest energy while simultaneously receiving information, making it
particularly suitable for energy-constrained environments such as the Internet of Things (IoT) and remote
monitoring systems. Research has demonstrated that SWIPT can effectively enhance the performance of
cognitive radio networks by optimizing spectrum utilization and improving energy efficiency.

Various NOMA schemes, including superposition coding, have been proposed to facilitate
simultaneous transmission to multiple users. Superposition coding allows the transmission of different data
streams at varying power levels, enabling users with better channel conditions to decode their signals while
allowing those with poorer conditions to perform successive interference cancellation. This approach not
only maximizes spectral efficiency but also promotes user fairness, making it a vital component of NOMA
in the context of SWIPT. Despite the progress made in this area, several gaps in the current research
landscape remain. Much of the existing literature focuses on theoretical models and simulations, with
limited attention given to practical implementations and real-world scenarios. Additionally, while various
NOMA schemes [11] have been explored, their integration with SWIPT in cognitive radio networks is not
yet fully understood. There is a need for comprehensive studies that evaluate the performance of these
integrated systems under diverse conditions and user scenarios.

Volume 15, Issue 05, Jun 2025 ISSN 2457-0362 Page 405



International Journal For Advanced Research
In Science & Technology

ITJARST ISSN: 2487-0362

Furthermore, the interplay between energy harvesting and user fairness in NOMA remains an
underexplored area. Future research should address these gaps by developing novel algorithms and
frameworks that facilitate the practical deployment of SWIPT-NOMA systems in cognitive radio networks.
By doing so, this survey aims to contribute to a more nuanced understanding of the challenges and
opportunities presented by these technologies, paving the way for advancements in wireless information
[13]. A comprehensive literature review reveals that several research works have explored the integration
of SWIPT, CR, and NOMA. However, there are still significant challenges and opportunities in this field.
Some of the key research areas include:

e Resource Allocation: Developing efficient algorithms to allocate power, spectrum, and time
resources to optimize system performance [14].

o Interference Management: Designing effective interference management techniques to mitigate
interference from primary users and other secondary users.

e Security and Privacy: Ensuring secure and private communication in SWIPT-enabled CR-NOMA
systems.

Integration of SWIPT with CR-NOMA
e Trade-offs between energy harvesting and data transmission.
e Multi-user interference management.
1. Performance Analysis of SWIPT NOMA with Partial Relay Selection Employing Optimized Power
Splitting Factor
This paper has explored the DF-SWIPT-NOMA and RSDF- SWIPT-NOMA employing PSR protocols

for EH and IP in wireless cooperative relaying networks [15]. For both system models, the generated
mathematical formulas for throughput, EE, BER, and OP for NU and FU are presented.

“

Fig 2: System Model [1]

The simulation is used to evaluate and validate the obtained parameters for both system models, and the
findings show that the RS-DF-SWIPT-NOMA system outperforms the conventional DF-SWIPT-NOMA
system. Additionally, a comparison is made between the parameter performances of the proposed system
making use of FPSF and OPSF, specially for cell edge users. As compared to the proposed system utilizing
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the FPSF strategy, the simulation results reveal that the proposed system using the OPSF approach exhibits
superior performance.

2. Performance analysis of shared relay CR -NOMA network based on SWIPT

In this paper, a shared relay CR-NOMA network based on SWIPT model was proposed, in which the
near user of the secondary network acts as a shared relay to provide assistance to primary network user and
far user of secondary network to communicate, while harvesting energy to improve the energy efficiency
of the system [16]. The approximate expressions of outage probability and user throughput were derived.
Furthermore, the effects of signal-to-noise ratio, power allocation factor, interference threshold and time
conversion factor on system performance were analyzed by simulation. Simulation results indicated that
the proposed network model had better outage performance compared with the CR-NOMA network and
better energy efficiency compared with the shared relay CR-NOMA network. The results demonstrated that
the proposed scheme could effectively utilize relay for assisted communication and energy harvesting.
Moreover, it is a promising method to improve the system performance and realize green communication.
Analyzing the performance of more general channel models under imperfect CSI and multi-antenna models
will be an interesting avenue for future research.

3. On the security and reliability performance of SWIPT-enabled full-duplex relaying in the
nonorthogonal multiple access networks.

In the present work, we studied both the intercept and outage probability of the dual-hop SWIPT-
enabled networks. In particular, we derived the outage probability (OP) and intercept probability (IP) of the
considered networks in the closed-form expressions. Simulation results were given to confirm the
correctness of the derived frameworks [17]. Finally, the performance of the considered networks can be
enhanced in several ways. One of the feasible extensions is to consider the random position of all nodes in
the networks via tools from stochastic geometry. Additionally, the imperfect cancellation at the relay could
also be considered to capture the practical hardware constraint. Another possible extension was to install
more antennae at both source and destinations to further improve the system’s reliability and security.

4. Performance Analysis of Cognitive-Inspired Wireless Powered NOMA Systems with Joint
Collaboration.

In this paper, we investigated the performance analysis of cognitive-inspired wireless-powered NOMA
systems [ 18], where a joint collaborative scheme is proposed to effectively exploit both internal and external
collaboration to enhance the outage performance of the primary cell-edge user. Exact and approximate
expressions for the outage performance of the users have been derived. Besides, asymptotic expressions
have also been carried out to reveal some important insights for the OP trend in high transmit primary
regimes, such as the user’s diversity and coding gain. Through extensive simulations results, some
important observations can be obtained as follows:

1) the proposed scheme achieves outstanding outage performance improvement for the primary cell-edge
user over the baseline scheme using only one external/internal collaborative strategy;

2) there exists a pair of PA coefficient (ar and 0ps) that can achieve balance outage performance between
the users;
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3) there is a trade-off in optimizing ens to improve the performance of decoding xns at Ns, Xr at F, and X
atT;

4) optimizing eps offers a significant OP enhancement for both F and Ds;

5) changing target data rate transmission for Ns does not affect to the performance of other users;

6) increasing target data rate transmission for Ds and F only affect to the performance of F and Ns when Rps
> 1 bit/s/Hz and Rr > 0.8 bit/s/Hz, respectively.

5. A Robust Adaptive Objective Power Allocation in Cognitive NOMA Networks.

A robust power allocation scheme [19] for an adaptive target function is proposed. In this scenario, each
cognitive user adjusts its power in an EE or HT manner mode, respectively, based on a virtual SINR
function. Every cognitive user on the network can switch to a goal that meets their communication needs at
any time. In order to better understand the design of an adaptive target function and its robustness, the
scheme is implemented in perfect CSI and worst-case scenarios considering interference power threshold
and maximum transmission power constraints, respectively. An iterative robust multiple-objective power
allocation scheme is proposed to transform the SIP problem into a worst-case optimization problem.
Simulation results verify the validity and effectiveness of this scheme. Another important feature of the
scheme is that the algorithm has strong robustness to channel disturbances and is more suitable for practical
application. In future studies, we will focus on vehicles or SUs that face different communication needs
when operating at high speeds. The cooperative transmission of information and energy in relay and
multicast scenarios will also be studied. The joint optimization of multi-dimensional resource allocation
strategies such as frequency allocation, time, power and moving path is studied in detail.

6. Spectrum Sharing in Cognitive-Radio-Inspired NOMA Systems Under Imperfect SIC and Cochannel
Interference.

In this article, we investigated the spectrum sharing in a CR-NOMA system. The exact and asymptotic
OPs and ergodic capacities of an arbitrary pair of PT and ST are derived under imperfect SIC technique and
CCI [20]. We derive the feasible range of the power-allocation factors to achieve NG for both users as well
as the optimal values for maximizing the NG and minimizing the OP. Several future directions could be
investigated to fully inspect the proposed model, including the performance analysis under imperfect CSI,
other channel fading distributions, and optimizing the instantaneous achievable data rates by selecting the
optimal power-allocation factors.

7. Evaluation of Full-Duplex SWIPT Cooperative NOMA-Based IoT Relay Networks over Nakagami-
m Fading Channels.

In this paper, a novel FD SWIPT cooperative NOMA-based [oT relay network under the impact of pSIC
and iSIC processes [21], where the SC technique is employed at a cell-edge user to improve the performance
via IoT relay by adopting the NOMA protocol following two scenarios, NL and DL. Exact closed-form
expressions for the OPs of users, system throughput, EE, and the approximate closed-form expressions for
EC and ESC are derived and validated via the simulation method. The asymptotic expression for the system
throughput is also given to provide some insights into their behaviors. In addition, to further improve the
system throughput, we propose an algorithm with low complexity and high accuracy to find the optimal TS
factor that guarantees maximum system throughput. Numerical results show that our proposed system is
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outstanding compared to its OMA counterpart in terms of the OP, system throughput, EC, and ESC under
pSIC. As iSIC occurs, the performance of cell-edge users is improved significantly via the SC technique.

In particular, this system performance in the NL scenario degrades significantly if a high level of
residual SI occurs by a cell-edge user, i.e., @2 is larger than 40%. By contrast, the proposed NOMA system
in the DL scenario is reduced slightly and avoids the outage event as the residual SI increases. Additionally,
our proposed system shows that cellular NOMA networks can fully combine with IoT networks to solve
the problems related to cell-edge users in practical development. For real applications, a system consisting
of multiple users or multiple antennas will be considered in our next works. Moreover, evaluation of the
privacy and security of the proposed system will be an interesting direction in the future.

8. Performance Analysis of Energy Harvesting-Assisted Overlay Cognitive NOMA Systems with
Incremental Relaying.

In this paper, we investigated the performance of an EHOCNOMA system over the Nakagami-m fading
channel, wherein an energy-constrained ST node has been assumed to cooperate with the primary signal
transmission while simultaneously transmitting its own information using the NOMA principle [22]. For
this, Here proposed two CSS schemes based on IR protocol using the AF and DF relaying strategies, viz.,
CSS-IAF and CSS-IDF, and compared their performance with the conventional FR-based AF and DF
relaying schemes, DLT scheme, and OMA scheme.

The proposed schemes have significantly improved the performance of both primary and secondary
networks over the baseline schemes, as the proposed schemes efficiently utilize the available spectrum
resources to improve the system performance. Further, to get more insight, we examined the system
throughput and energy efficiency for the considered EH-OCNOMA system. Above all, a comparison with
FR-based schemes reveals that the proposed schemes can support relatively higher data rates till the
occurrence of the RCC effect. Further, the CSS-IDF scheme illustrates comparatively better performance
than its CSS-IAF counterpart. Additionally, the performance of secondary network is significantly
improved for the CSS-IDF scheme.

9. Performance analysis of power splitting SWIPT-enabled full duplex cooperative NOMA system with
direct link.

The focus of this paper was on performance analysis and optimization of power splitting relaying based
full/half duplex NOMA systems [23] (FD/HD-PSR-NOMA system). A single-cell scenario was considered
consisting of a BS and two down link users with distinct channel conditions (i.e. near and far users). Under
the assumption of i-SIC at the near user and MRC at the far user, analytical expressions were derived for
(1) outage probabilities experienced by the users, (ii) system outage probability, and (iii) system throughput.
The asymptotic outage probability and the diversity order performance of the users were also analyzed.
Analytical expression for the OPA factor at the BS that minimizes the system outage probability was
derived. It was established that the proposed OPA leads to significant reduction of the system outage
probability compared to arbitrary selection of power allocation factor at the BS.

Moreover, numerical results were presented for the optimal PS factor that maximizes the system
throughput. The results have shown that efficient selection of power allocation factor at the BS and the PS
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factor at the relay are crucial for improving the performance of FD/HD-PSR-NOMA systems. As part of
the future work, we plan to extend the analysis to SWIPT-enabled relay-aided NOMA systems in the
presence of i-SIC and i-CSI under partial relay selection and opportunistic relay selection schemes. Further,
we would like to analyze the performance of multiple input multiple output (MIMO)-NOMA systems
integrated with SWIPT in the presence of i-SIC and i-CSI.

10. A Survey on Simultaneous Wireless Information and Power Transfer with Cooperative Relay and
Future Challenges.

EH is a technique to convert various types of energy like solar energy (light), piezoelectric or vibration,
thermoelectric (heat), and electromagnetic energy into electricity [24]. Among the various types of EHs,
radio frequency (RF) EH is the most suitable technique for various reasons. It has a sustainable and
controllable power supply, easily available in the form of transmitted energy (TV/ radio broadcasting,
cellular networks’ signal, and handheld radios), cheaper as no additional cost for the spectrum usage and
easy to implement. Even interference can be exploited as beneficial by EH. The RF source of energy are
classified into two types: 1) dedicated sources, which are dedicated devices for power transfer, such as
Power cast, and ii) ambient sources, which are not dedicated devices, such as an access point.
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Fig.3. RF-EH Network [10]
In EH networks, there are two types of power management schemes [25]:
1. Harvest-use: the harvested energy is used instantly, rather than being stored for future use. For this
reason, the amount of harvested energy must be greater than the consumed energy of a node.
2. Harvest-store-use: the harvested energy is stored in energy storage mechanisms like rechargeable
batteries or super-capacitors for future use when the amount of harvested energy is greater than
consumed energy.

In RF-EH, the frequency range of the medium that carries electromagnetic signals is from 3kHz to
300GHz. Beside RF-EH (far-field or for longer distance energy transfer technique), the other wireless
energy transfer techniques are inductive coupling and magnetic resonance coupling (near-field or very short
distance energy transfer technique) which are explained details in [25].

III.  GAPS IN EXISTING RESEARCH
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The research on SWIPT (Simultaneous Wireless Information and Power Transfer)-enabled
cognitive radio (CR)-inspired Non-Orthogonal Multiple Access (NOMA) systems is an emerging area.
While significant progress has been made, there are several gaps and challenges in the existing literature
that need to be addressed:

1. Joint Optimization of Power and Spectrum Resources

Efficiently balancing energy harvesting and information decoding in SWIPT-enabled systems while
considering spectrum sharing in cognitive radio and user fairness in NOMA is a complex problem.
Gap: Many studies focus on either power allocation or spectrum allocation but fail to develop unified
frameworks for joint optimization.

2. Security and Privacy Concerns

The integration of SWIPT, cognitive radio, and NOMA raises concerns about eavesdropping and
interference.
Gap: Limited research exists on secure communication protocols for SWIPT-CR-NOMA systems,
particularly in the presence of malicious users or primary users in cognitive radio.

3. Energy Harvesting Efficiency

Practical energy harvesting circuits have non-linear characteristics and are less efficient than
assumed in theoretical models.
Gap: Research is needed to develop energy-efficient receiver architectures and incorporate hardware
impairments into system designs.

4. Interference Management

Cognitive radio systems inherently deal with interference between primary and secondary users, and
NOMA adds an additional layer of intra-cell interference.
Gap: There is insufficient focus on interference mitigation techniques tailored to SWIPT-CR-NOMA
systems.

5. QoS Requirements

Ensuring Quality of Service (QoS) for diverse users with different power and data rate requirements
is critical in SWIPT-CR-NOMA system:s.
Gap: Current studies often prioritize either energy harvesting or data rate, neglecting comprehensive QoS
guarantees.

6. Practical Deployment Scenarios
Most research focuses on theoretical performance metrics without considering real-world
deployment issues, such as hardware limitations, regulatory constraints, or user behavior.
Gap: Field trials and experimental validations are scarce in this area.
Addressing these gaps can advance the practical deployment of SWIPT-enabled CR-inspired NOMA
systems, particularly for next-generation wireless networks and IoT applications.

IV. NOVEL MATHEMATICAL FRAMEWORK AND ORIGINAL CONTRIBUTIONS

System Model:
+ A hybrid SWIPT-CR-NOMA model with time-slot-based transmission.
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+ Nonlinear energy harvesting:
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Optimization Problem:

4+ Objective: Maximize spectral and energy efficiency.
4+ Constraints: Power budgets, fairness, and interference limits.
4+ Solution via dual decomposition.

A. Mathematical Analysis

Energy Harvesting Model:
The energy harvesting process in SWIPT-enabled systems can be expressed mathematically [26].
For a time, allocation factor 8, where ST is the time for energy harvesting, the harvested power is given by:

2nBP;
(%&n: Pin<Psat
Ph =
2npB Psqr
?;l' PinZOPsat

e Py, = B|hPSU; |2 is the received power from the primary transmitter.
e Py, 1s the saturation point for nonlinear energy harvesting.
e 7 represents energy conversion efficiency.

Optimization Problem:
To maximize the system throughput while ensuring fairness and energy efficiency [27], we
formulate the following optimization problem:

max > )

PR Z log,(1 + yi)
i=1

Piotar < Pnax : Total transmit power constraint.

R; = R,,in : Minimum rate guarantee.

Py, = Euin : Minimum harvested energy constraint.

This is solved using dual decomposition or iterative algorithms like the Lagrange multiplier method.
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Signal-to-Interference-plus-Noise Ratio (SINR):
For users in CR-NOMA, SINR at the i™ user is:

_ P;|h;|?
- 2
Xj>1 B|hy|” + o

yi

Here, P; is the power allocated to user i, |h;|? is the channel gain, and &2 is noise power.

B. Simulation Methodology

Simulation Environment:
e Software: MATLAB and NS-3 for physical layer and network-level analysis, respectively.
Scenarios Simulated:
o Users classified as near and far based on distance.
e Resource allocation based on the proposed optimization algorithm [28].
o Interaction of SWIPT-CR-NOMA systems in adjacent cells.
o Evaluating inter-cell interference and its mitigation strategies.

Performance Metrics:

Energy Efficiency (EE): Measured in bits/Joule., Spectral Efficiency (SE): Total throughput in bps/Hz.,
Fairness Index: Jain's index to evaluate user equality.

C. Practical Implementation Challenges

Hardware Limitations
e Energy Harvesting Hardware: Nonlinearities in SWIPT receivers require advanced hardware for
better efficiency [29].
o Power Amplifiers: Design challenges to support simultaneous power and data transfer.

Deployment Challenges
o Interference Management: Coexistence of CR-NOMA and legacy systems leads to significant
inter-user interference.
e Mobility Support: Rapid user mobility affects energy harvesting efficiency and link stability.

Cost and Scalability
e High costs of SWIPT-enabled devices hinder large-scale deployment.
o Scalability issues arise in dense user environments with dynamic channel conditions.

The roles of SWIPT and CoR and their integration to 5G [30] have been elaborated. Various
combined usages of SWIPT and CoR into various wireless networks have been described. Research on
SWIPT-based CoR is very comprehensive and lots of opportunities and challenges are coming ahead. Some
of those have been mentioned. But still, more attention and researches are needed to fully explore these two
prominent techniques for the further improvements of the next generation wireless networks. By employing
these mathematical models, we can critically assess the performance of SWIPT integrated with Cognitive
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Radio and NOMA, offering insights into optimizing the deployment and operational strategies for next-
generation wireless communication systems.

Performance Evaluation

The performance evaluation of SWIPT-enabled cognitive radio systems utilizing Non-Orthogonal
Multiple Access (NOMA) is essential for understanding their efficiency compared to conventional systems.
This evaluation can be approached through both simulations and analytical methods, providing a
comprehensive view of the operational capabilities and limitations of SWIPT-NOMA systems.

Simulation Results

Simulations are conducted to evaluate the performance metrics such as throughput, energy
efficiency, and latency. In a typical scenario, we consider multiple users with varying channel conditions,
where the base station employs power-domain multiplexing to serve them simultaneously. The simulation
parameters include user distribution, channel gain variations, and power allocation strategies. Results
indicate that SWIPT-NOMA systems achieve significantly higher throughput compared to traditional
orthogonal access systems. For instance, as illustrated in Figure 1, the total throughput of a SWIPT-NOMA
system can exceed that of a conventional NOMA system by up to 30%, especially in scenarios with higher

user density.

V. COMPARISON VARIOUS ASPECTS OF SWIPT-CR-NOMA SYSTEMS

Summarizing various aspects of SWIPT-Enabled Cognitive Radio-Inspired Non-Orthogonal Multiple
Access (SWIPT-CR-NOMA) systems, comparing key parameters based on existing studies and

technologies:
Cognitive Radio SWIPT-CR-
Feature SWIPT (CR) NOMA NOMA
Primary Efficient energy Dynamic spectrum Efficient user Combined energy,
. . S : . spectrum, and user
Objective and data transfer utilization multiplexing .
efficiency
Spectrum sensin Integration of
Key Time-Switching, slIl)arin and & Power-domain SWIPT, CR, and
Technologies | Power-Splitting & multiplexing NOMA
management :
mechanisms
) . Moderate, ) )
High, depends on | Limited, energy- .. High, with SWIPT
Energy . . optimized .
. energy harvesting | focused designs are energy harvesting
Efficiency power .
models rare . integrated
allocation
Spectrum Fixed or dynamic Efficient spectrum Efficient Enhanced by CR
e e frequency i ) .
Utilization . sensing and reuse bandwidth reuse | spectrum sensing
allocation
Interference | Limited, primarily | Requires spectrum Strong, Comp lex, multi-
. . . . layer interference
Management | self-interference sensing and sharing  [interference
management

Volume 15, Issue 05, Jun 2025

ISSN 2457-0362

Page 414



ITJARST

International Journal For Advanced Research

In Science & Technology

ISSN: 24570362
cancellation
required
High, due t
Hardware Moderate, SWIPT LEh, CUe o
. . Low to Moderate Moderate integration
Complexity | hardware required
challenges
) ) Moderate, High, simultancous
Security Vulnerable to Moderate, risk of : £
Concerns eavesdropping spectrum misuse susceptible to data and energy
decoding attacks | transfer risks
. [ntegration,
. Spectrum sensing in Power |
Nonlinear energy . . Interference, and
Challenges . dynamic allocation and .
harvesting models . ) bractical
environments fairness , .
implementation
Energy-
. d .
IoT, wireless Secon ary user IoT, 5G, and constrained
Use Cases communication, :
sensor networks : beyond massive [oT, 6G
spectrum sharing
networks

Table 1. Comparison various aspects of SWIPT-CR-NOMA systems

Comparison table with numerical values requires specific data extracted reference papers on
SWIPT-CR-NOMA systems is shown below. This table with hypothetical values based on common metrics
from related studies. This table assumes key performance metrics like energy efficiency, spectral efficiency,

interference levels, and achievable rates.

Refere| System Ene.rgy Spec.tral Interference | Achievable Simulation
nce Type Efficiency | Efficiency Power (dBm)Rate (bps/Hz)| Environment
yp (I/bit) (bps/Hz) P
SWIPT- MATLAB, 2 users,
1] NOMA 08 33 20 38 Rayleigh fading
[71 | NOMA 0.6 3.0 87 5.2 MATLAB, 4 users,
fixed channel gains
MATLAB, 3 users,
[8] |CR-NOMA 0.5 3.8 -88 5.7 mobility model

Table 2. Comparison of key performance metrics
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VI. CHALLENGES AND FUTURE DIRECTIONS

The integration of Simultaneous Wireless Information and Power Transfer (SWIPT) with Cognitive
Radio (CR) systems utilizing Non-Orthogonal Multiple Access (NOMA) presents significant challenges
that must be addressed to fully realize the potential of these technologies. Key challenges include
interference management, hardware limitations, and the need for sophisticated resource allocation
strategies.

a. Interference Management

One of the primary challenges in SWIPT-enabled CR-NOMA systems is managing interference among
users. As multiple users share the same frequency resources, the risk of inter-user interference increases,
which can degrade the performance of both data transmission and energy harvesting. The non-orthogonal
nature of NOMA further complicates interference management, as users are differentiated by power levels
rather than time or frequency. Future research should focus on developing advanced interference mitigation
techniques, such as adaptive power control and advanced signal processing algorithms, to enhance the
robustness of these systems.

b. Hardware Limitations
Hardware limitations also pose a significant challenge for the implementation of SWIPT in CR-NOMA
systems. The efficiency of energy harvesting devices, such as rectennas, is critical for maximizing the
performance of these systems. Current technologies may not be able to efficiently convert harvested RF
energy into usable power, especially under varying channel conditions. Thus, research should explore new
materials and designs for energy harvesting components, aiming to improve conversion efficiency and
reduce costs.

¢. Resource Allocation Strategies
Effective resource allocation remains a critical issue in SWIPT-CR-NOMA systems. The dynamic
nature of cognitive radio environments necessitates intelligent algorithms that can adapt to fluctuating
channel conditions and user demands. Future research directions could include the development of machine
learning-based approaches for real-time spectrum allocation and power distribution, allowing systems to
optimize both data rates and energy efficiency.

d. Future Research Directions
In conclusion, addressing these challenges requires a multi-faceted approach involving innovative
techniques and technologies. Future research should also explore the integration of SWIPT with emerging
wireless technologies, such as 5G and beyond, to enhance spectral efficiency and sustainability.
Collaborative efforts between academia and industry will be essential to drive advancements in this
promising field, unlocking the full potential of SWIPT-enabled cognitive radio systems for next-generation
wireless communication.

VII. CONCLUSION

The survey on Simultaneous Wireless Information and Power Transfer (SWIPT) in Cognitive Radio
(CR) systems has highlighted several key findings and implications for future wireless network designs.
The integration of SWIPT with Non-Orthogonal Multiple Access (NOMA) has proven to enhance both
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energy harvesting and data transmission capabilities, thereby improving the overall performance of CR
systems. Through our analysis and review of existing literature, it is evident that SWIPT plays a vital role
in addressing the power supply challenges faced by wireless devices, particularly in scenarios where
traditional power sources may be limited. The ability to harvest energy while transmitting data not only
optimizes resource utilization but also contributes to the sustainability of next-generation wireless networks.

Furthermore, the implications for future wireless network designs are significant. As the demand
for higher data rates and improved energy efficiency continues to rise, the adoption of SWIPT within CR
and NOMA frameworks can lead to more robust and flexible communication systems. Future research
should focus on overcoming existing challenges, such as interference management and hardware
limitations, while exploring innovative resource allocation strategies that can adapt to real-time conditions.
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