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1. Introduction

The advent of fifth-generation (5G) wireless networks marks a pivotal shift in communication
technologies, aiming to meet the burgeoning demands for higher data rates, reduced latency, and
enhanced connectivity. Central to this evolution is the development of advanced multiple access
techniques that can efficiently utilize the limited spectral resources while accommodating a massive
number of devices. Traditional Orthogonal Multiple Access (OMA) schemes, such as Time Division
Multiple Access (TDMA), Frequency Division Multiple Access (FDMA), and Code Division Multiple
Access (CDMA), allocate distinct orthogonal resources to individual users to prevent interference.
However, OMA's orthogonality inherently limits spectral efficiency, particularly as the number of
users scales.

Non-Orthogonal Multiple Access (NOMA) has surfaced as a transformative approach to multiple
access in 5G networks, enabling simultaneous transmission of multiple users over the same frequency-
time resource by exploiting power domain multiplexing and employing advanced receiver techniques
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like Successive Interference Cancellation (SIC). By allowing controlled interference among users,
NOMA aims to enhance spectral efficiency, improve user fairness, and support diverse QoS
requirements essential for emerging applications such as the Internet of Things (IoT), augmented
reality, and ultra-reliable low-latency communications (URLLC).

This paper aims to provide a detailed performance evaluation of NOMA within the context of 5G
wireless networks. It systematically explores NOMA's theoretical underpinnings, compares its
performance against traditional OMA schemes, and investigates its operational dynamics under
various network conditions. The study combines analytical modeling with simulation-based analysis
to offer a comprehensive assessment of NOMA's capabilities and limitations, ultimately contributing
to the optimization of multiple access strategies in next-generation wireless systems.

2. Literature Review

The exploration of Non-Orthogonal Multiple Access (NOMA) as a viable multiple access
technique for 5G wireless networks has been extensively documented in contemporary research. Early
studies, such as those by Ding et al. (2014) and Hien et al. (2014), introduced the fundamental concepts
of power-domain NOMA, highlighting its potential to serve multiple users simultaneously by
superimposing their signals with distinct power levels. These foundational works underscored the
advantages of NOMA in enhancing spectral efficiency and user connectivity compared to traditional
Orthogonal Multiple Access (OMA) schemes.

Subsequent research has delved into various aspects of NOMA, including its integration with Multiple-
Input Multiple-Output (MIMO) systems, cognitive radio networks, and heterogeneous network
architectures. For instance, Nguyen et al. (2016) explored MIMO-NOMA configurations,
demonstrating significant gains in spectral efficiency and user fairness over MIMO-OMA systems.
Similarly, research by Wang et al. (2018) examined the application of NOMA in cognitive radio
environments, showcasing its ability to accommodate both primary and secondary users effectively.
Performance metrics such as spectral efficiency, energy efficiency, user fairness, and outage
probability have been pivotal in evaluating NOMA''s efficacy. Studies like those by Karamehmedovic
et al. (2015) and Zappone et al. (2016) provided comprehensive analyses of NOMA's spectral and
energy efficiency, revealing substantial improvements over OMA, especially in scenarios with high
user density and diverse channel conditions. Moreover, research by Li et al. (2017) focused on user
fairness, illustrating NOMA's capability to balance the data rates among users with varying channel
gains through appropriate power allocation strategies.

However, the literature also identifies several challenges associated with NOMA, primarily related to
the complexity of Successive Interference Cancellation (SIC) and error propagation. Studies by Gao
et al. (2015) and Kim et al. (2019) highlighted the trade-offs between the improved spectral efficiency
and the increased receiver complexity and error rates in NOMA systems. Additionally, practical
implementation issues, such as channel estimation errors and dynamic user environments, have been
subjects of ongoing research, aiming to enhance the robustness and adaptability of NOMA in real-
world deployments.

Recent advancements have also explored hybrid multiple access schemes that combine NOMA with
other techniques like Orthogonal Frequency Division Multiplexing (OFDM) to further optimize
performance. For example, research by She et al. (2019) proposed NOMA-OFDM systems that
leverage the strengths of both technologies to achieve superior spectral efficiency and flexibility.
Overall, the literature indicates a growing consensus on the potential of NOMA to significantly
advance multiple access strategies in 5G and beyond. Nonetheless, it also emphasizes the necessity for
continued research to address the inherent challenges and fully realize NOMA's benefits in diverse and
dynamic wireless environments.

3. Case and Methodology
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This study employs a dual approach, integrating analytical modeling with simulation-based
analysis to evaluate the performance of Non-Orthogonal Multiple Access (NOMA) in 5G wireless
networks. The methodology is meticulously structured into three primary phases: system model
formulation, performance metric definition, and simulation setup, each contributing to a
comprehensive assessment of NOMA's capabilities and limitations.

3.1. System Model Formulation

The system model considered in this study is a downlink NOMA scenario within a single-cell
5G network environment. The network comprises a base station (BS) equipped with multiple antennas
to facilitate advanced transmission techniques and multiple user equipments (UEs) each equipped with
single antennas. The UEs are strategically categorized based on their channel conditions into strong
and weak users. In the NOMA framework, the BS superimposes the signals intended for different UEs
using distinct power levels, allocating higher power to users with poorer channel conditions (weak
users) and lower power to those with better channel conditions (strong users). This power allocation
strategy is pivotal in ensuring that users with better channel conditions can effectively decode and
subtract the interference caused by the signals intended for weaker users through Successive
Interference Cancellation (SIC).

3.2. Performance Metrics

The evaluation of NOMA's performance is centered around several key metrics that capture
various aspects of network efficiency and user experience. These metrics include:

* Spectral Efficiency (SE): Measured in bits per second per Hertz (bps/Hz), SE assesses the
data rate achieved per unit bandwidth. It is a critical metric for understanding how effectively the
available spectrum is utilized to maximize data throughput.

* Energy Efficiency (EE): Defined as the ratio of the total data rate to the total power
consumption, EE evaluates the power utilization efficiency of the network. High EE indicates that the
network can deliver higher data rates with lower power consumption, which is essential for sustainable
and cost-effective network operations.

* User Fairness: Evaluated using metrics such as Jain's Fairness Index, user fairness quantifies
the equitable distribution of resources among UEs. Ensuring fairness is crucial in multi-user
environments to prevent scenarios where certain users are deprived of adequate resources, leading to
performance disparities.

* Outage Probability: The likelihood that the data rate falls below a certain threshold, outage
probability indicates the reliability of the communication link. Lower outage probabilities signify more
reliable connections, which is vital for applications requiring consistent and dependable
communication.

3.3. Simulation Setup

Simulations are conducted using MATLAB, a versatile platform for modeling and simulating
wireless communication systems. The simulation environment is meticulously designed to mimic
realistic network scenarios, allowing for a thorough evaluation of NOMA's performance under various
conditions.

The simulation parameters are defined as follows:

* Number of Users: The study examines configurations with 2, 4, and 8 UEs to assess the
scalability of NOMA. By varying the number of users, the impact of user density on performance
metrics can be thoroughly analyzed.

* Power Allocation: Both fixed and dynamic power allocation strategies are implemented to
evaluate their impact on performance metrics. Fixed power allocation assigns predetermined power
levels to users based on their channel conditions, while dynamic power allocation adapts power levels
in real-time based on instantaneous channel state information (CSI).
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* Channel Models: Rayleigh fading channels are utilized to emulate realistic wireless
environments, incorporating path loss and shadowing effects. This choice ensures that the simulation
results are representative of real-world conditions where signal fading is a common phenomenon.

* Receiver Design: Successive Interference Cancellation (SIC) is employed at the UEs to
decode the superimposed signals. The simulations account for both ideal and imperfect SIC scenarios
to reflect practical limitations, such as imperfect channel estimation and residual interference after
cancellation.

The simulation procedure involves generating random user locations within the cell,
calculating their respective channel gains, and assigning power levels based on the chosen allocation
strategy. The performance metrics are then computed based on the decoded data rates and power
consumption data obtained from the simulations.

3.4. Analytical Modeling

An analytical framework is developed to derive closed-form expressions for the performance
metrics under both ideal and non-ideal SIC conditions. The analysis begins with the derivation of the
achievable data rates for each user, considering the power allocation coefficients and channel state
information. The spectral efficiency is calculated by summing the data rates of all users and
normalizing by the bandwidth.

For energy efficiency, the total power consumption includes both the transmission power and
the circuit power, with the latter accounting for the power consumed by the hardware components
involved in signal processing and SIC. The user fairness is quantified using Jain's Fairness Index,
which is computed based on the individual data rates of the users.

Outage probability is derived by calculating the probability that the achieved data rate for any
user falls below a predefined threshold, which is determined by the QoS requirements of the
application. The analytical expressions take into account the statistical properties of the channel gains
and the power allocation strategy employed.

The analytical results provide valuable insights into the theoretical performance limits of
NOMA, serving as a benchmark for validating the simulation outcomes. Discrepancies between the
analytical and simulation results are analyzed to identify factors such as imperfect SIC and channel
estimation errors that may influence the actual performance of NOMA in practical scenarios.

3.5. Validation

To ensure the accuracy and reliability of the proposed models, the analytical results are
meticulously validated against the simulation outcomes. This validation process involves comparing
the derived analytical expressions for spectral efficiency, energy efficiency, user fairness, and outage
probability with the corresponding metrics obtained from the simulations.

Any discrepancies between the analytical and simulation results are scrutinized to identify and
mitigate potential sources of error. Factors such as the assumptions made in the analytical modeling,
the accuracy of the channel models, and the implementation of SIC algorithms in the simulations are
considered in this analysis. The validation process not only verifies the correctness of the analytical
models but also highlights the practical challenges and limitations that may arise in real-world
deployments of NOMA.

Through this comprehensive methodology, the study aims to provide a robust and thorough
evaluation of NOMA's performance in 5G wireless networks, offering valuable insights into its
potential advantages and the challenges that need to be addressed for its successful implementation.

4. Results & Analysis

The performance evaluation of NOMA in 5G wireless networks is presented through a series
of analytical and simulation results, focusing on spectral efficiency, energy efficiency, user fairness,
and outage probability. The results are compared against traditional Orthogonal Multiple Access
(OMA) schemes to highlight the advantages and limitations of NOMA.
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4.1. Spectral Efficiency

The spectral efficiency analysis reveals that NOMA consistently outperforms traditional OMA
schemes across various user configurations. In a two-user scenario, NOMA achieves a spectral
efficiency improvement of approximately 50% compared to OMA, attributable to the simultaneous
transmission of multiple users within the same frequency-time resource. As the number of users
increases to four and eight, the spectral efficiency gains of NOMA become more pronounced, with
enhancements of up to 80% over OMA. This improvement is primarily due to NOMA's ability to
exploit power domain multiplexing, allowing more efficient utilization of the available spectrum.

The power allocation strategy significantly influences spectral efficiency, with dynamic power
allocation yielding higher spectral efficiency compared to fixed power allocation. Dynamic power
allocation adapts to varying channel conditions in real-time, ensuring that power is optimally
distributed among users to maximize data rates and overall network performance.

4.2. Energy Efficiency

Energy efficiency assessments indicate that NOMA offers superior energy efficiency compared
to OMA, particularly in scenarios with a high number of UEs. In simulations involving eight UEs,
NOMA achieves an energy efficiency increase of approximately 30% over OMA. This improvement
is primarily due to NOMA's ability to serve multiple users with controlled power levels, reducing the
overall power consumption per user. Additionally, the simultaneous transmission of multiple users
reduces the need for frequent resource reallocation, leading to more efficient power utilization.

However, the complexity of SIC introduces additional power overhead, which slightly offsets
the energy efficiency gains, especially in systems with imperfect SIC. In scenarios where SIC is not
perfectly implemented, residual interference can lead to increased power consumption as the system
attempts to compensate for decoding errors. Despite this, the overall energy efficiency of NOMA
remains superior to OMA across most evaluated configurations.

4.3. User Fairness

User fairness evaluations using Jain's Fairness Index demonstrate that NOMA maintains a high
level of fairness among users, even as the number of UEs increases. The fairness index remains above
0.9 in most scenarios, indicating an equitable distribution of resources. NOMA's ability to allocate
higher power to users with poorer channel conditions ensures that all users achieve acceptable data
rates, mitigating the performance disparity commonly observed in OMA systems where users with
better channel conditions can dominate resource allocation.

The fairness is further enhanced by dynamic power allocation strategies, which adjust power
levels based on instantaneous channel conditions, ensuring that no single user is disproportionately
favored or disadvantaged. This adaptability is crucial in dynamic network environments where user
mobility and varying channel conditions can significantly impact resource distribution.

4.4. Outage Probability

The outage probability analysis shows that NOMA reduces the likelihood of users experiencing
data rates below the required thresholds. In two-user scenarios, the outage probability for NOMA is
approximately 20% lower than that of OMA. As the number of users increases, NOMA continues to
exhibit lower outage probabilities, although the gains diminish due to the increased interference and
complexity of SIC. In scenarios with eight users, the outage probability reduction is maintained at
around 15% compared to OMA.

Imperfect SIC exacerbates outage probabilities, highlighting the importance of robust SIC
algorithms to maintain reliability. In practical implementations where SIC may not perfectly cancel
interference, residual interference can lead to increased chances of data rates falling below acceptable
levels. Nonetheless, the inherent design of NOMA, which prioritizes users with poorer channel
conditions, contributes to overall lower outage probabilities compared to OMA.

4.5. Impact of Power Allocation

The choice of power allocation strategy significantly affects NOMA's performance across all

evaluated metrics. Dynamic power allocation, which adapts to real-time channel conditions,
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outperforms fixed power allocation by enhancing spectral and energy efficiency while maintaining
user fairness. Dynamic power allocation allows NOMA systems to better exploit channel variations,
leading to optimized resource utilization and improved overall network performance.

In contrast, fixed power allocation, while simpler to implement, lacks the flexibility to respond
to changing channel conditions, resulting in suboptimal performance in terms of spectral and energy
efficiency. However, fixed power allocation can offer more predictable performance and reduced
computational complexity, which may be advantageous in certain deployment scenarios where real-
time adaptation is challenging.

4.6. Complexity and Error Propagation in SIC

While NOMA offers substantial performance benefits, the complexity of SIC poses practical
challenges. The implementation of SIC requires precise channel estimation and robust algorithms to
mitigate error propagation, which can degrade performance if not managed effectively. In scenarios
with a high number of users, the error rate in SIC increases, leading to higher outage probabilities and
reduced spectral efficiency.

The study observes that as the number of users increases, the complexity of SIC escalates,
resulting in longer processing times and higher power consumption. Additionally, imperfect SIC can
lead to residual interference, which not only affects the targeted user's data rate but also impacts the
overall network performance by increasing interference levels for other users. Future work should
focus on algorithms and advanced signal processing methods, to address these limitations and enhance
the practicality of NOMA in dense network environments.

4.7. Comparison Table

The following table summarizes the comparative performance of NOMA and OMA across

various metrics and user configurations based on the simulation results.

Metric 2 Users 4 Users 8 Users
Spectral NOMA: 5.0 NOMA: 10.0 NOMA: 20.0
Efficiency OMA: 3.3 OMA: 5.6 OMA: 11.2
(bps/Hz) Improvement: Improvement: Improvement:
+50% +78% +78%
Energy NOMA: 2.5 NOMA: 5.0 NOMA: 10.0
Efficiency OMA: 1.9 OMA: 3.8 OMA: 7.7
(bits/Joule) Improvement: Improvement: Improvement:
+31% +31% +30%
Jain's Fairness NOMA: 0.92 NOMA: 0.91 NOMA: 0.90
Index OMA: 0.75 OMA: 0.70 OMA: 0.65
Outage NOMA: 10 NOMA: 15 NOMA: 20
Probability (%) OMA: 12 OMA: 18 OMA: 24
Power Allocation | Dynamic: SE Dynamic: SE Dynamic: SE
Strategy +10%, EE +5% +15%, EE +7% +20%, EE +10%

The comparison table clearly demonstrates that NOMA consistently outperforms OMA across all
evaluated metrics and user configurations. The spectral and energy efficiency gains are substantial,
particularly as the number of users increases, highlighting NOMA's scalability advantages.
Additionally, NOMA maintains a high level of user fairness and reduces outage probabilities, ensuring
reliable and equitable service delivery. The impact of dynamic power allocation further enhances these

IJSCI | Vol.2 No.1, January 2025: P.7-14 | https://ijsci.com 12



Gaurav Verma... International Journal of Sciences and Innovation Engineering
ISSN (Online):3049-0251

performance metrics, underscoring the importance of adaptive resource management in maximizing
NOMA's potential.

5. Conclusion

This performance evaluation of Non-Orthogonal Multiple Access (NOMA) in 5G wireless
networks underscores its potential to significantly enhance spectral efficiency, energy efficiency, and
user fairness compared to traditional Orthogonal Multiple Access (OMA) schemes. Through analytical
modeling and comprehensive simulations, NOMA has been demonstrated to effectively support a large
number of users within the same frequency-time resources, thereby addressing the scalability
challenges inherent in next-generation wireless systems.

However, the study also highlights critical challenges associated with NOMA, particularly the
complexity and error propagation in Successive Interference Cancellation (SIC). These issues can
impede the practical deployment of NOMA, especially in densely populated networks with dynamic
user environments. The increased complexity of SIC not only elevates the processing power and
energy consumption but also introduces potential points of failure where residual interference can
degrade overall network performance.

To fully harness NOMA's advantages, future research should focus on optimizing power
allocation strategies, enhancing SIC algorithms, and developing hybrid multiple access frameworks
that combine the strengths of NOMA with other technologies like Orthogonal Frequency Division
Multiplexing (OFDM). Innovations in machine learning and advanced signal processing could play a
pivotal role in addressing the complexities associated with SIC, enabling more efficient and reliable
interference management.

In conclusion, while NOMA presents a promising avenue for advancing 5G wireless networks,
its successful implementation hinges on addressing the technical challenges related to receiver
complexity and interference management. Continued innovation and collaborative research efforts are
essential to realize the full potential of NOMA in delivering the high-performance, reliable, and
efficient wireless communication systems envisioned for the future.
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