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Abstract

This study tackles the growing challenge of inter-user interference in Non-Orthogonal Multiple  gaetorization:
Access (NOMA) systems, particularly as user density increases in modern communication networks. . '

The primary objective is to improve system performance by implementing a downlink sectorization ~Maximum User;
strategy, which groups users into distinct sectors to manage interference and optimize resource Interference Mitigation.
allocation. A Sequential Power Allocation (SePA) algorithm was introduced to enhance power

distribution within sectors, aiming to maximize both user capacity and overall sum rate. The methods

employed included detailed simulations comparing the performance of traditional NOMA systems

and those incorporating sectorization. The results demonstrate that sectorization can significantly

boost the system’s sum rate by up to 25% and reduce decoding errors by as much as 51%, particularly ~ Article History:

when the number of users per sector is kept under 20. However, performance saturation occurs beyond

this threshold, where additional users do not contribute to further improvements. The novelty of this ~ Received: 15  September 2024
re_se_arc_h I!es in apply_ing spatial sgctorization to NQI\_/IA, showing _that_ spatjal sectorizatic_)n can  Rovised: 10 December 2024
minimize intra-sector interference, improve power efficiency, and maintain reliable communication

in high-demand environments such as the Internet of Things (IoT). This study provides valuable — Accepted: 16 December 2024

insights for optimizing NOMA systems, crucial for next-generation wireless networks. Published: 01 February 2025

1- Introduction

Non-Orthogonal Multiple Access (NOMA) technology is considered a key evolution in future radio access
technology, especially in increasing the capacity and efficiency of telecommunication networks [1, 2]. Unlike the
Orthogonal Multiple Access (OMA) approach that has been widely used from the third generation (3G) to the fourth
generation (4G), in NOMA technology, the process at the transmitter side involves the use of Superposition Coding (SC)
to combine signals from multiple users at the same frequency but with different power into one complex signal [3].
Successive Interference Cancellation (SIC) techniques are used on the receiver to separate these signals into individual
user components. This approach offers a more straightforward detection and decoding process than traditional techniques
[4]. This enables significant capacity improvements and a fairer user experience, especially at the network periphery,
where channel conditions vary widely among users [5]. In particular, NOMA offers a solution to support many users in
modern communication systems, often called "massive users". NOMA allows multiple users to share the same frequency
resources simultaneously by utilizing the differences in their channel conditions. This is in contrast to traditional
orthogonal compound access schemes such as OFDMA (Orthogonal Frequency-Division Multiple Access) that allocate
different frequency resources to each user. This approach significantly increases the utilization of available bandwidth
and can potentially support more users in a given spectrum [6]. Research by Saito et al. [7] showed that by grouping
users based on their channel conditions, NOMA could significantly improve the spectral efficiency and capacity of the
network, making it an ideal solution for networks with a large number of users. In addition, NOMA provides essential
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advantages in maximizing spectral efficiency, as described by Dai et al. (2015) [6], Islam et al. (2017) [8], and Nakamura
et al. (2015) [9]. Using the Successive Interference Cancellation (SIC) technique, NOMA can handle variations in
channel conditions among different users, thus making more efficient use of the available spectrum. Recent research by
Vidyaningtyas et al. [10] has also shown that NOMA increases capacity and fairness in resource allocation among users.

With the advent of technologies such as the Internet of Things (10T), the number of devices requiring communication
services has skyrocketed, presenting unique challenges for communication systems. Managing capacity becomes critical,
particularly in congested network environments where many devices operate simultaneously. As the user base grows,
downlink NOMA systems face inherent limitations in handling many users simultaneously without significant
disruption. This increased user density exacerbates the interference problem, further straining the system's ability to
maintain high transmission quality and efficiency. The high level of user interference in the NOMA system adversely
affects the system performance as the number of users increases. This interference not only reduces the sum rate but also
increases the bit error rate (BER), making it a challenge to achieve reliable communication. This interference demands
advanced interference management and user clustering techniques to maintain acceptable performance levels. Effective
user clustering and interference management strategies are essential to address these issues and ensure optimal
performance in NOMA systems [7]. Other studies have explored various strategies to overcome these challenges,
including power allocation algorithms, user pairing methods, and advanced signal processing techniques [11, 12].
Although there has been some progress, there is still a need for more effective solutions that can improve the overall
performance of the NOMA system, especially in terms of user clustering and interference management.

One proposed method to mitigate interference is dividing all users into smaller groups. Kang & Kim [13] conducted
optimal user grouping with two users per group, focusing on user channel gain. This approach not only reduces decoding
complexity but also improves system performance by focusing on increasing the sum rate. The study results also show
that grouping users with the strongest and weakest signals does not always yield optimal results for maximizing the sum
rate in NOMA systems. In Bui et al. [14], interference mitigation is performed using an iterative algorithm for two users
with fairness outcomes for each accessing user. The algorithm continues to be iterated until a pair that provides the best
fairness is obtained. Zhang et al. [15] discussed the neighbor-based pair search method that was performed, and in Zhu
et al. [16], grouping for 2 users was carried out, focusing on optimal user power allocation to optimize the sum rate
achievable within its minimum limit. CR-NOMA was developed by Ding et al. [17] and has significant sum rate
improvements but is highly complex. User grouping using beamforming was also conducted in Choi [18], but it was still
limited to 2 users per beam and focused on the generated beamforming vectors. Pairwise user grouping will yield the
best performance in NOMA. However, if the number of users is large, there will be high complexity on the transmitter
side in the data transmission process. Therefore, user grouping for more than two users has been developed by several
researchers, including studies by Chen et al. [19], Ali et al. [20], You et al. [21], and Prabha Kumaresan et al. [22]. Chen
et al. [19] proposed a user grouping and power allocation strategy based on a dynamic programming model with
Lagrange multipliers to maximize energy efficiency in downlink NOMA systems, optimizing resource allocation for
better throughput. In Ali et al. [20], a dynamic user grouping method and power allocation policy for uplink and downlink
NOMA were developed, focusing on channel gain differences to improve system throughput. You et al. [21] applied
genetic algorithms for user grouping in hybrid downlink NOMA systems, aiming to optimize spectral efficiency through
genetic-based selection and evolution. Artificial Neural Networks (ANNSs) were used for efficient user grouping in 5G
NOMA systems, offering low-complexity solutions to address channel condition variability [22]. These methods have
not considered spatial user grouping. All these studies focus on grouping based on channel gain differences, spectral
efficiency, or power allocation without considering the physical position of users spatially.

Research related to clustering and power allocation in NOMA has been widely discussed in the literature. Wang et
al. [23], in their survey, reviewed user clustering techniques in NOMA systems, highlighting the importance of spectral
efficiency and fairness in the system. Despite providing a comprehensive review, this study does not provide practical
implementations or simulations to validate the proposed clustering strategies. Moreover, clustering optimization under
imperfect Successive Interference Cancellation (SIC) conditions is also poorly discussed, which is a major challenge in
real implementation. Another study by Xiong et al. [24] proposed a user clustering method for cell-free massive MIMO-
NOMA systems. This scheme uses Jaccard coefficients to cluster users with significant channel differences, which are
then optimized through a successive convex approximation (SCA)-based power allocation algorithm to maximize
spectral efficiency. Although this study shows better performance in simulation, it does not address the impact of user
mobility and interference between clusters, which are important in large-scale system environments. Mouni et al. [25]
introduced a hybrid OMA-NOMA system designed to handle the imperfect SIC problem. This paper proposes an
adaptive clustering scheme based on Minimum Signal-to-Interference-plus-Noise Ratio (SINR) Difference (MSD),
which aims to improve performance despite the presence of multiple users and imperfect SIC conditions. Although these
hybrid systems show advantages in various scenarios, the lack of exploration into multi-cell or large-scale environments
limits their applicability in the real world. Furthermore, Hamedoon et al. [26] proposed a user clustering scheme to
handle the coexistence of near-field (NF) and far-field (FF) communications in future networks. They developed a
coalitional game-based clustering algorithm that can optimize beam assignment and SIC decoding order. Although this
solution shows improved performance in simulation, this paper does not fully address the challenges of multi-user
mobility and dynamic beamforming techniques, which are critical in real-world deployments.
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Based on the existing literature, there are several research gaps that this study addresses. First, there are still few
studies that comprehensively discuss how to deal with imperfect SIC in NOMA systems with high user density. Second,
most of the existing studies focus more on the static condition of users, while the impact of user mobility on the
performance of NOMA systems and clustering techniques has not been explored in depth. Third, previous studies have
not provided adequate solutions for inter-cluster and inter-cell interference management in large-scale NOMA systems.
Lastly, although many promising results were shown in simulations, real-world implementation, especially in the context
of the coexistence of near-field and far-field communications, still requires more exploration. This research aims to
address some of these gaps by utilizing sectorization and the SePA algorithm to reduce interference, optimize power
allocation, and improve performance in high user density scenarios. In addition, this research will also explore how
sectorization can be adapted under dynamic user mobility conditions.

Previous research found that most studies focus on optimally grouping users without considering the interference that
occurs within these groups. However, inter-user interference is one of the main issues in NOMA. However, inter-user
interference is one of the main issues in NOMA. This can lead to interference between users from different clusters or
sectors. To address this problem, this paper proposes the concept of spatial cell sectorization in the downlink NOMA
system, with the aim of minimizing interference between users and between sectors. The main contributions of this paper
are:

e Using downlink sectorization, identify effective interference mitigation strategies in NOMA systems by
considering users' distance, position, and channel gain. This can potentially improve overall system performance.

e This research provides an in-depth analysis of how cell sectorization in the downlink can affect NOMA system
performance, including sum rate improvement and Bit Error Rate (BER) reduction.

e This research aims to show and prove that sectorization in NOMA can maximize power usage and reduce decoding
errors, which can lead to improved communication reliability in NOMA systems.

This paper consists of 4 sections. The first section is an introduction to the background of the problem and a literature
review of previous research. Section Il describes the spatial sectorization of the NOMA downlink. Experimental results
and discussion are discussed in section I11. The last section is the conclusion and proposed future research.

2- Downlink Sectorization on NOMA

Non-orthogonal multiple access (NOMA) is a promising technology for enhancing system capacity and efficiency
which is critical to support the growing connectivity demands in modern wireless networks. This synthesis explores the
role and performance of NOMA in scenarios with massive users, for example in the context of massive MIMO and
Internet of Things (IoT) applications. NOMA can serve more users simultaneously compared to orthogonal multiple
access (OMA). However, the achievable sum rate can be lower due to intra-sector interference contamination and
imperfect successive interference cancellation (SIC) [27]. While NOMA can outperform OMA in certain contexts,
hybrid approaches that combine NOMA with other techniques, such as sectorization, are expected to improve
performance. In sectorization, which refers to the division of network cells into sectors to increase capacity and
efficiency, is applied to NOMA systems to be able to improve spectrum efficiency in each sector by allowing more users
to communicate simultaneously in the same spectrum. This has the potential to increase the sum rate especially in areas
with high user density.

The relationship between NOMA and sectorization also includes the ability to manage interference more effectively.
Dividing a cell into sectors means dividing the number of users into smaller groups so that the interference experienced
by each user only comes from other users in the same sector. This will affect the performance of the SIC at the receiver
side in order to optimally return the signal. Integrating NOMA into the sectorization strategy is expected to produce a
network that is more flexible, adaptive, and efficient in meeting increasingly complex and diverse communication needs.
The following presents the difference in maximum capacity achievement between conventional NOMA and NOMA
with sectorization.

Therefore, in this study, we will develop a more optimal method for the use of sectorization in NOMA. To support
this research, we have conducted several necessary steps. These steps are presented in Figure 1. The following flowchart
illustrates the processes in our methodology for evaluating the performance of a sectorized NOMA system using the
Sequential Power Allocation (SePA) algorithm. The process begins with initializing the simulation parameters, such as
the number of users, cell radius, power budget, noise density, and other factors critical to network performance. Once
the parameters are set, users are randomly distributed within the cell and assigned to different sectors to reflect real-
world user distribution scenarios. Next, sectorization is applied to the NOMA system by dividing the network cell into
multiple sectors (e.g., 2, 4, or 8 sectors) to spatially group users, which helps in managing inter-user interference more
effectively. Thereafter, the Sequential Power Allocation (SePA) algorithm is implemented to sequentially allocate power
to users based on their channel gain and distance from the base station, ensuring optimal power distribution and system
efficiency. Simulations are then run to observe the network performance under these conditions. After the simulation,
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various analyses are performed including comparing the performance metric (sum rate) between the sectorized and non-
sectorized NOMA systems, calculating the sum rate for each sector and the system as a whole, analyzing the Bit Error
Rate (BER) to evaluate decoding errors, and investigating the impact of the number of users per sector on the sum rate
performance. Finally, the simulation is terminated, and the results are collected for further analysis, providing valuable
insights for optimizing NOMA systems with sectorization and adaptive power allocation techniques.

Figure 1. Flowchart of Methodology

2-1-Conventional NOMA for Multiple Users

NOMA is one of the multiple access methods proposed in the upcoming modern communication technology. In this
approach, several users simultaneously utilize communication resources with a non-orthogonal concept. This means that
users do not share time or frequency exclusively but rather utilize the different signal strength levels each user receives.
Users who are in poor channel gain are given a higher power allocation compared to users who are in better channel
conditions. Under perfect CSIT conditions, this channel gain depends on the user's distance from the base station; a more
significant distance indicates a worse channel gain. Users with stronger signals tend to detect and process signals more
easily, whereas users with weaker signals have difficulty detecting but can still process signals using signal recovery
techniques, specifically successive interference cancellation (SIC) techniques. This method allows more users to share
communication resources without the need for exclusive allocation.

NOMA is most effective when utilized by two users, also known as user pairing, where one user is located at the cell
edge, and the other is near the base station. However, in real-world scenarios, the number of users is continuously
increasing, necessitating an evaluation of NOMA for multiple users. In this context, power allocation becomes crucial
to ensure optimal performance of NOMA. Effective power allocation is essential for managing interference and
maximizing the system's throughput. As the number of users increases, it becomes more challenging to allocate power
efficiently due to the varying channel conditions and interference levels each user experiences. Therefore, for NOMA
with many users, power allocation for all users is divided using the Sequential Power Allocation (SePA) algorithm [10].

Figure 2 shows an illustration of Non-Orthogonal Multiple Access (NOMA) technology and the Successive
Interference Cancellation (SIC) process used at the receiver side to handle transmission to multiple users in a wireless
communication system with one base station (BS) serving N users. In this scheme, the power allocation is organized at
the transmitter, with lower power being assigned to users closer to the transmitter and gradually increasing for more
distant users. This demonstrates the use of power-domain-based NOMA, where users at more distant locations are given
more power to compensate for the decrease in signal strength due to longer distances and other factors that affect signal
propagation.
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Figure 2. Downlink NOMA using SIC for N users

Each user receives a mixture of signals that overlap at the same frequency and applies the SIC technique to detect its
own signal. User;, which receives the largest power allocation, can detect its own signal directly without removing
signals from other users. However, starting from User, to Usery, each user must perform SIC to remove signals from
more distant users before detecting their signals. As the number of users increases, the complexity of performing SIC
increases, allowing more errors in the decoding process due to more incredible difficulty in identifying and removing
overlapping signals. As the number of users in the NOMA system increases, less power is allocated to closer users, while
the SIC process becomes more complicated and error-prone. This leads to an increased error probability when
overlapping signals from multiple users have to be cancelled one by one.

Based on Figure 2, User; with channel h; is the farthest user from the Base Station (BS) and the weakest. User, with
channel h; is the second farthest user, and so on, until the N-th user with channel hy, which is closest to the BS. If
S1,S,,.., Syis the signal to be sent to the user, then the NOMA send a signal that will enter the channel as a result of
superposition coding (SC) at the BS as follows:

Snoma =\/F151 +\/P_252+"' +\/PN—1SN—1+\/P_NSN 1)

We can succinctly express syoma as follows:
Snoma = Z?’:n/ﬁisi ; fori=12 .., N 2

P; is the power allocation of the i-th user based on its channel gain. Power allocation plays an important role in
NOMA. All users in NOMA will use the same frequency and time, so strong co-channel interference between users will
be significant. Therefore, good resource management will facilitate returning each signal to the receiver [28]. The power
allocation in this study is based on the sequential power allocation (SePA) principle [10], which divides the power
allocation sequentially. Users who are farthest from the BS are given the most power allocation so that the quality of
their received signal is as good as that of users close to the BS. The SePA algorithm is described as follows

k(1— ©"P, ,i<N
P, = x 3
TP (BD)R, =N )

K

The system transmit power value is symbolized by P;. In the SePA algorithm, an initial constant is set first, namely
Parameter x, where x4+ (1 — ) = 1. The value of « is optimized to balance the power distribution among users. Higher
values of « result in steeper power reduction between users, while lower values distribute power more evenly. The study
by Vidyaningtyas et al. [10] explored different values of k to find the optimal balance between power efficiency and
interference management. The division of power allocation for all users must follow the following conditions [29]

e The total power allocation in one cluster is equal to 1.
1>3V.p 4)

e The power allocation value for the farthest user (Useri) must be greater than the total power allocation of the other
users. This applies similarly to subsequent users.

PlZ Pl+1+PI.+2+"+PN (5)
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When a transmitted signal enters a Rayleigh channel, the amplitude of the signal received by the receiver follows a
Rayleigh distribution. This distribution describes the probability of occurrence of various signal amplitudes. The
Equation for the Rayleigh distribution is given by:

x2

fa) =] ¢ x20 (6)
0 otherwise

Each user in a beam area receives the same signal at the receiver, but the channel gain parameters differ based on the
user's distance from the base station (BS). The received signal for each user can be expressed as:

Vi = hi Syoma + 1 @)

Where n; is Additive White Gaussian Noise (AWGN) with zero means and variance = o2. h; represents Rayleigh
fading channel. The Rayleigh fading model describes a scenario where the signal experiences localized scattering
without a dominant line-of-sight component.

Substitute Equation 1 into Equation 7 and look at the received signal for user; (the furthest user but the largest power
allocation).

y1=h1 \IP]_S]_ +HP252+---+\IPNSN +171 (8)
targeted and dominating interference

where \/7151 is the desired and dominating target signal belonging to useri. Other received signals will be considered
as interference. With the highest power allocation given to user 1, the messages addressed to him will dominate the
received signal. Therefore, userl can directly perform decoding, while other users' messages are considered interference.
Hence, the SINR for decoding user 1's signal is

SINR, = Pulhal” 9)

Py|hq|% + P3|hq|2 +..4 Py|hq]|? +02

Next, look at the received signal of user2 (the second farthest user),

y2=h2 ,1P151 + \[stz ++W’PNSN +772 (10)
not targeted but dominating targeted interference

The signal \/71 S; owned by userl is the most dominant signal with the largest power allocation. All users in the cell
receive this signal. Therefore, user, must decode user:'s message first and then perform SIC to remove it from signal y,.
Received signals from other users are considered as interference. Assuming the SIC is perfectly processed, the resulting
signal becomes,

yV, = hz \/P_252 ++'\’PNSN +T[2 (11)
Then the SINR for decoding the user; signal is as follows,

SINR, = Palia | (12)

P3|hy|? +..+ Py|h3|2 +02

Users needs to decode the userl and user signals and perform SIC to remove them from the y, signal. The same
process is done up to the N-th user, so in general, the SINR for decoding each signal is,

[ hsl2
SINR; = Bkl (13)

Pi+1|hi|2 +.+ PNlhilz +02

We can succinctly express SINR; as follows:

SINR, = -yt (14)

Z]N=i+1 P]'|hl'|2 + 02
So, the rate value that each user can achieve is
R; = Blog,(1+ SINR;) (15)

The total of all rates achieved by users in 1 cell is named the sum rate, and the Equation can be written as follows,

Rom = ?’=1 R; (16)

Page | 316



Emerging Science Journal | Vol. 9, No. 1

2-2-NOMA Sectorization for Multiple Users

The Sectorization technique is studied in this research to develop an effective strategy for NOMA to handle many
users in several telecommunication cases, such as massive 10T. The interference as the main problem in NOMA
implementation is expected can be reduced by dividing cells into sectors. This technique will influence the received
power distribution in the spatial domain. The users that are located inside a certain sector will allocate higher received
power than the users that are located outside that sector. Each sector can be viewed as a group of users and contributes
to the situation in which interference only occurs within the same sector and is not significant across other sectors in the
entire cell. Thus, sectorization is proposed as a method that can facilitate better interference management, improve
successive interference cancellation (SIC) performance, and enhance the signal quality received by users in each sector.
An illustration of NOMA with sectorization is shown in Figure 2.

Figure 3 illustrates a downlink directional cell with one base station (BS) with k sectors, which, in this illustration, M
is 2. Cell sectorization involves dividing a network cell into smaller parts or sectors. There are N users in each sector
with the number of users in each sector not always equal and the physical position of the users randomly distributed.
The concept of sectorization is used to mitigate interference and focus the signal energy in one direction, like
conventional beamforming. This technique allows frequency reuse in each sector, which increases the overall network
capacity. Each sector has an antenna or antenna array pointing towards a specific area. Sectorization in this study uses
an antenna array with a fixed beam pattern so that the weights of each sector are orthogonal. The antenna array can also
combine identical duplicates of signals sent by different sending antennas constructively, in other words, having the
same phase as the direction or location of the intended receiver [30]. The received signal is the total sum of the current
and phase distribution of the antenna array used. With sectorization, users in other sectors are no longer significant
interference and have the potential to reduce overall interference.

h;<h,<h;<...<hy, <hy

Sector 1

Direct User
1 signal
detection
User 2
SICSiof uslcr 1 | Sinal
e detection
SIC of user 1 WS '?
d 2 signal SIEDL
a detection
Y SIC of user 1, User N
-------- 2,3,andsoon |---- signal
signal detection

Tx h;<h,<hy<...<hy

hy <h,<...<hy,<hy

Figure 3. lllustration of downlink NOMA sectorization

The fundamental difference between conventional NOMA and sectorized NOMA is in the process of transmitting
and receiving the signal. In conventional NOMA, all users are processed together. In contrast, in sectorized NOMA,
signals are processed according to the user in the sector, and other users in different sectors will be ignored because they
are minimal interference. Due to sectorization using an antenna array, the receiving power of each user at the receiver
(Pir) will be affected by the weight of each sector (w;), which is written as follows

Py = Pilhw;|? 7

if the transmit signal from the BS is equal to Equation (1), and P, is the received power actually received by the i-th
user after the signal passes through the channel, then the receive signal of the i-th user in the k-th sector at the receiver
side is written as follows,

Yik = higwie S; + Yjzihix Wik S + Yiek Zom Rig Wit Sy + 1 (18)
[ ——
Intra—Sector User Interference inter—sector interference

Intra-sector user interference is interference that occurs between users within the same sector of a cell. It is caused by
multiple users in the same sector transmitting at overlapping frequencies or time slots, causing interference between their

Page | 317



Emerging Science Journal | Vol. 9, No. 1

signals. Inter-sector interference occurs when signals from one sector in a cellular or wireless network interfere with
signals in adjacent sectors, where | is a sector other than the k-th sector and m is a user in another sector. Where h; ; is
the channel gain between the i-th user in sector k and the base station in sector I. w,, ; is the beamforming component
for the m-th user in sector I. It directs the signal to the user in the neighbouring sector. It directs the signal to users in
different sectors. Sy, ; is the transmitted signal for the mth user in sector 1.

The decoding process in each sector is the same as in conventional NOMA. User; in sector k can perform decoding
directly. User, has to decode user:'s message first and then perform SIC to remove it from signal y,. User3 to the N-th
user performs the same process to get their respective received signals. The SINR for decoding the i-th user's signal in
the k-th sector is expressed as:

2
SINR;} = S Piri|Rigwikl -

=i+ Pjr,klhi,kWi,k|2 Xk Xm Py |Pig Wi |2 + 0k
So that the rate value that can be achieved by each user in the k-th sector is
Ry = Blog,(1+ SINR;) (20)
The total of all rates achieved by users in 1 sector is named the sum rate, and the Equation can be written as follows,

Rsum,k = Z?]:lRi,k (21)

3- Simulation Results and Discussion
3-1-Simulation Results

In this section, we evaluate the performance of sectorization against variations in the number of users in the NOMA
downlink system. In the simulations, sectorization was implemented as a strategy to improve the performance of Non-
Orthogonal Multiple Access (NOMA) systems by dividing the network cell into smaller spatial regions or sectors. This
approach was used to isolate users into specific groups, reduce interference, and optimize power allocation. The
implementation of sectorization in simulation is described as follows:

e The simulation divided the coverage area of a base station into several sectors, each covering a specific angular
range within the circular cell. Each sector was treated as a smaller, independent area where users were grouped
together.

e The sectors were defined based on spatial geometry. For example, dividing the cell into two sectors results in each
sector covering 180 degrees, four sectors cover 90 degrees each, and eight sectors results in 45 degree sectors.

e Sectorization was static in the simulations, meaning the angular range of each sector remained fixed throughout
the simulation. Users were distributed within the sectors based on their physical location within the cell, with no
overlap between sectors.

The sectorization is assumed to be a limited area with a radiation pattern that has users in it and other users are
considered as interference from different sectors. The number of users in one cell is 20. In NOMA with sectorization,
20 users are divided into several sectors with varying numbers. Users are assumed to be randomly distributed by
assuming their position using their distance to the BS. The user distance is also used to calculate the user channel gain
on the Rayleigh channel. The distribution of power allocation for each user in conventional NOMA and NOMA with
sectorization uses the SePA algorithm [10]. The simulations carried out in this study are:

1. Comparing the sum rate of OMA, NOMA, and NOMA with sectorization to see the effectiveness of sectorization
in NOMA,

2. Analyze the SINR at the receiver on NOMA and NOMA with sectorization to see the effect of sectorization in
mitigating interference,

3. Comparing the sum rate at different numbers of sectors to see the effect of the number of sectors on the sum rate
performance of NOMA,

4. Analyze the comparison of the number of users in various sector variations by dividing the number of users
equally and unequally to see the effect of these conditions on the sum rate of users in sectorization,

5. Analyze the number of users varying in one sector based on the increase in the sum rate in that sector. Based on
the results of this simulation analysis, the maximum number of users in a sector will be obtained,

6. Analyze the comparison of SIC performance at the receiver side for NOMA and NOMA with sectorization
displayed in the form of average BER. This simulation aims to see the effect of sectorization in restoring the
quality of the received signal.
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Table 1 presents the simulation parameters to provide a comprehensive overview of this study's simulation and
evaluation process.

Table 1. Simulation parameters

Parameter Value
Bandwidth 5 Mhz
Number of users 20
Total power budget -20 dBm — 60 dBm
Noise density -174 dBm/Hz
Path loss model Rayleigh Channel
Cell radius 500 m
Minimum distance between user and BS 50m
SePA constant («) 0.8

First, we evaluated the sum rate values in a NOMA system with and without sectorization, with the number of users
in a cell consisting of 20 users varying in location, channel gain, and distance from the Base Station (BS). The simulation
without sectorization was conducted by directly allocating power using Equation 3 for all users. In contrast, in the
simulation with two sectorizations, the users were divided into two sectors, each comprising 10 users. The power
allocation between the two sectors was performed separately. The results of these simulations are shown in Figure 4.
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Figure 4. Comparison of Sum Rate between NOMA with 2 Sectorization and without Sectorization

The graph in Figure 4 compares the performance of conventional NOMA without sectorization and NOMA with two
sectorizations against OMA, revealing that conventional NOMA with many users is not better than OMA. This is due to
increased user interference, which increases the complexity of Successive Interference Cancellation (SIC) at the receiver
end [31, 32]. Additionally, NOMA, which relies on power differences in its multiple access process, will need help
allocating power for many users. Therefore, an experiment was conducted using sectorization in NOMA, where a cell is
divided into two equal sectors. A total of 20 users are evenly divided into the two sectors based on their location. The
performance with the sectorization concept shows a significant improvement compared to conventional NOMA. This
indicates that with sectorization, the total number of users divided into two spatial sectors can reduce interference among
users, making the SIC work at the receiver end easier compared to conventional NOMA.

The increase in transmit power leads to a linear increase in the sum rate for all tested technologies; however, the
benefits of NOMA with sectorization become more evident at higher power levels. This indicates that at high power
levels, the advantages of optimized interference management and resource allocation strategies in NOMA with
sectorization become more dominant.

Second Scenario, analyzing the impact of sectorization on the average SINR of users in each sector. In conventional
NOMA, the SINR of 20 users is calculated and then averaged. Meanwhile, 20 users are divided according to the number
of sectors analyzed in sectorized NOMA. The SINR value shown is the average SINR value for one sector. Figure 5
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illustrates the relationship between the number of sectors and SINR at a transmit power of 20 dB in a NOMA system
calculated before the SIC process is performed. SINR, or Signal-to-Interference-plus-Noise Ratio, is a crucial indicator
that shows the quality of a signal in relation to interference and noise received. In conventional NOMA, interference
comes from other users within the cell, whereas in sectorized NOMA, interference comes from other users within the
same sector and from users in other sectors. The graph shows how changes in the number of sectors affect SINR for
different configurations, ranging from conventional NOMA to systems divided into six sectors.
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Figure 5. SINR for Conventional NOMA and Sectorization

In the conventional NOMA configuration, involving 20 users without sectorization, the SINR was recorded as the
lowest. This indicates that power allocation without sectorization leads to significant interference among users because
the power allocation strategy in the algorithm (3) with provisions (4) and (5) will provide a significant power allocation
value. As the number of users per sector decreases, from 10 users in two sectors to 3 users in six sectors, there is a
consistent increase in SINR values. This increase shows that by reducing user density within each sector, the power
allocation given is not too significant, and the interference caused by other users within the same sector is reduced. In
the case of seven sectors with 3 users in the analyzed sector, the SINR value obtained is the same as that of NOMA with
six sectors. This explains that the number of users in the sector greatly affects the average SINR value, where power
allocation distribution is based on the number of users in the sector, resulting in similar SINR values for both six and
seven sectors configurations with the same number of users. Therefore, sectorization confirms that the reduction in inter-
user interference is successfully achieved through better isolation and resource management.

The conclusion from this analysis is that sectorization in NOMA substantially enhances network performance through
significant reduction of user interference, resulting from improved power allocation management. Implementing
sectorization enhances the system's ability to efficiently utilize the available spectrum, ensuring each user receives a
cleaner signal for processing. This strategy is crucial for supporting the needs of modern communication networks facing
challenges from increasing user numbers and high service demands, especially in scenarios like massive 10T, where
communication efficiency and stability are critically important.

In the third scenario, simulations were conducted to observe the impact of the number of sectors within a cell on the
sum rate of users within it. The simulated number of sectors includes two, four, and eight, each with equal angular sizes
of 180, 90, and 45 degrees, respectively. A total of 20 users were divided into different configurations in the NOMA
system with sectorization: two sectors with 10 users per sector, four sectors with 5 users per sector, and eight sectors
with 2 or 3 users per sector.

Figure 6 is a graph that shows a significant increase in the sum rate as the number of sectors increases from 2 to 4
and 8. The recorded delta sum rate illustrates this; from NOMA with two sectors to four sectors, there is an increase of
2.96x108 bps, and from 4 sectors to 8 sectors, there is an increase of 5.69x108 bps. This demonstrates the effectiveness
of reducing user interference within the same sector by dividing them into smaller sectors, thereby enhancing the
performance of SIC decoding.
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Figure 6. Performance of NOMA with Different Numbers of Sectors

The above indicates that a larger number of sectors with fewer users in each sector can minimize interference between
users in the same sector while increasing the effectiveness of SIC. SIC is a technique where the strongest signal is
decoded first; weaker signals are decoded by reducing interference from previously decoded signals. With an increase
in the number of sectors, the probability that signals with adjacent strengths need to be cancelled at one time decreases,
which eases the SIC process and reduces the possibility of errors during decoding.

The fourth scenario compares the performance of the NOMA system with sectorization with an equal number of users
and a different number of users for each sector. This situation describes a residential area that allows a more even
distribution of users. In contrast, the situation with a significant difference in the number of users describes an area with
public services, where one area has more users than another. The same number of users for 2, 4, and 8 sectors are [10,10],
[5,5,5,5], and [2,2,3,3,2,3,2,3,2,3], respectively. The significant differences in the number of users for the three-sector
scenarios are [18,2], [8,2,8,2], and [5,0,0,7,0,6,0,2], respectively. In sector 8, with a different number of users, four
sectors have no users.

In all the sector scenarios presented in Figure 7, the blue line representing equal user distribution consistently performs
better than the red line representing different user distributions. Increasing the number of sectors from 2 to 4 and 8
remains the same trend, where the equal user distribution still provides higher sum rates at each transmit power level.
However, there is a sizable sum rate difference between the same and different number of sectors in sector 8 of 5.3x108
bps at 40 dBm transmit power. This value is larger than the sum rate difference of two and four sectors, which are about
0.52x108 bps and 0.18x108 bps, respectively. This is because the simulation with a significant number of users in 8
sectors has four sectors without users, so the 20 users are only divided into the remaining four sectors. This imbalance
in user distribution can lead to increased interference and decreased power allocation efficiency, reducing the system's
overall performance [4, 33].

From these simulation results, it can be concluded that an equal number of users in the NOMA system gives more
optimal results than a significant number of users in all sectorization configurations. It can be interpreted that the even
power distribution and less complexity of interference management in the same number of users help to increase the
effectiveness of the SIC technique, maximizing the overall communication throughput. This advantage of equal number
of users confirms the importance of balanced resource distribution in improving the performance of NOMA systems.

The fifth simulation scenario aims to demonstrate SIC's maximum ability to separate the signals of all users in 1
sector from the decoding process at the receiver. Simulation scenarios were carried out on sectors 2 and 4, with the
number of users in each sector ranging from 10, 15, 20, 25, to 30.

Figure 8 shows the effect of the number of users on the sum rate for the two scenarios of two and four sectors. Both
graphs show that the sum rate increases with increasing transmit power (dBm) for all NOMA sectorizations. However,
in NOMA sectorization, there is saturation at 40 users for two and 80 users for four sectors. In the 2-sector configuration
(a), NOMA with two sectors and a total of 40 users shows an increase in sum rate of about 3.5x108 bps at a transmit
power of about 60 dBm, after which the increase becomes insignificant for an increasing number of users. Similarly, in
the four-sector configuration (b), NOMA with four sectors and 80 users saturates at a sum rate of about 7.2x108 bps at
a transmit power of about 60 dBm. This shows that adding more users does not significantly increase the sum rate after
a certain point.
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The analysis shows that saturation of the number of users occurs at 20 users per sector, both for two sectors (40 users
in total) and four sectors (80 users in total). This saturation indicates that after reaching a certain number of users in each
sector, additional users no longer increase the sum rate significantly. This implies that the NOMA system reaches its
optimal limit in managing interference and utilizing the available spectrum when the number of users in a sector exceeds
20 users per sector. This is due to increased intra-sector interference that cannot be fully addressed by Successive
Interference Cancellation (SIC) techniques. However, NOMA is known to be better than OMA in this regard. This

saturation emphasizes the importance of planning and managing the number of users in each sector to ensure optimal
performance of the NOMA system.
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Comparisons between NOMA without sectorization and NOMA with sectorization show that NOMA with
sectorization consistently performs better. NOMA with sectorization performs better, as shown by the line representing
NOMA with 15 users. Increasing the number of sectors allows for more even user distribution and more effective
interference management, ultimately increasing the sum rate. The advantage of NOMA in maximizing communication
throughput compared to OMA is especially evident in scenarios with a large number of users. This underscores the
importance of balanced resource distribution and effective interference management strategies in the NOMA system [6,
34].

The sum rate value that tends to saturate at the number of users 20 for the 2-sector and 4-sector scenarios is continued
with simulations to see the performance of SIC on the Bit Error Rate (BER) parameter achieved against the number of
users in 1 sector. The BER performance is shown in Figure 9.

10°

[ | =—&— NOMA Conventional
f | —&— 2 Sectors
[ 3 Sectors
[ | —€— 4 Sectors
¥ 5 Sectors
6 Sectors

-4 1 1 | 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50

SNR (dB)

10

Figure 9. BER for Various Number of Sectors

Figure 9 shows the SIC performance results in terms of Bit Error Rate (BER) for the Non-Orthogonal Multiple Access
(NOMA) system in various sectorization configurations at different Signal-to-Noise Ratio (SNR) levels. The graph
shows that conventional NOMA, which serves 20 users, has a higher BER compared to sectorization scenarios that
reduce the number of users in each sector. At an SNR of 40 dB, the difference between various sector configurations
becomes very apparent. Conventional NOMA, with 20 users, records a BER of approximately 0.477, indicating that user
interference is very dominant, leading to a relatively high error rate compared to the sectorized system. However, when
the system is divided into two sectors with 10 users per sector, there is a BER reduction of 0.136 from conventional
NOMA. As the number of sectors increases to three, four, five, and six sectors, each serving 7, 5, 4, and 3 users
respectively, a significant reduction in BER is observed, with BER values of 0.184, 0.0377, 0.0102, and 0.0026. This
reduction indicates that the fewer users there are in each sector, the more effective the sectorization is in controlling
interference and improving communication quality.

This reduction in BER indicates that by decreasing the number of users per sector, the NOMA system can reduce
user-to-user interference, a primary factor increasing BER. At the receiver, the SIC process is simplified because the
successive cancellations required are fewer, thus reducing the potential for propagation errors. Moreover, reducing the
number of users allows for more effective power allocation and better signal management, enhancing signal reception
quality and reducing decoding errors. This demonstrates that sectorization is effective in reducing the bit error rate by
dividing users into smaller groups.

The simulation results provide substantial insights into the performance improvements achieved by applying
sectorization to downlink NOMA systems. First, it was observed that sectorization significantly increases the overall
sum rate of the system compared to conventional NOMA. As shown in Figure 3, the sum rate improved by up to 25%
when users were divided into two sectors, compared to a non-sectorized system. This improvement can be attributed to
the reduction in inter-user interference within each sector, which allows for more efficient power allocation using the
SePA algorithm. These findings align with previous studies from Chen et al. [19] on interference management in NOMA
systems, but sectorization offers a more practical solution by spatially isolating users.
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Another key result is the observed performance saturation at 20 users per sector, as shown in Figure 7. Beyond this
point, adding more users does not yield significant gains in sum rate. This suggests that while sectorization can handle
a moderate number of users effectively, excessive user density in each sector leads to diminishing returns. This behavior
is likely due to the increasing complexity of Successive Interference Cancellation (SIC) as more users are added, which
complicates decoding and increases the potential for decoding errors. This observation is consistent with studies by Saito
et al. [7], which highlight the challenges of handling large user groups in NOMA.

Furthermore, the Bit Error Rate (BER) analysis presented in Figure 9 confirms that sectorization reduces decoding
errors significantly. The BER decreased by up to 51% when users were divided into smaller sectors, demonstrating that
the spatial isolation of users improves the effectiveness of SIC. By minimizing intra-sector interference, each user
receives a cleaner signal, which results in fewer decoding errors and higher overall system reliability. These findings
underscore the importance of managing user density and interference through spatial techniques, as suggested in a
previous study by Islam et al. [8].

In conclusion, all these graphs indicate that sectorization in NOMA systems is an effective strategy for optimizing
resource utilization and reducing error rates, particularly in dense network conditions. Sectorization in NOMA has been
proven to reduce user interference within a cell. This strategy not only helps increase data throughput and reduce BER
but also plays a crucial role in supporting the growing network demands for capacity and speed, especially in applications
requiring massive connectivity, such as the Internet of Things (1oT) and high-speed mobile communications. However,
further research is needed to analyze the complexity of antenna design in forming these sectors. Regarding the optimal
capability of SIC to separate received signals, the fewer the number of users within a sector, the lower the average BER
for all users in that sector. In summary, a comparison of related studies on reducing intra-cell interference is presented
in Table 2.

Table 2. Comparison of related studies

Parameter input

Number of Users/

Researcher Method Group Power Channel User Performance
transmit gain position
Ding et al. (2016) [17] CR-NOMA 2 v v Individual Data Rate, Sum Rate
Kang & Kim (2018) [13] Suboptimal algorithm 2 v v Sum Rate
Zhang et al. (2018) [15] Hill climbin%sﬁi;ﬁ?nznd simulated 2 v v Throughcgzjuntq,pclg)rgi);tational
Bui et al. (20190 [14] Iterative algorithm 2 v v v Rate Fairness
Zhu et al. (2019) [16] Mixed integer 2 v v v Sum Rate
You et al. (2020) [21] Genetic algorithm (user population) 3 Ng v Ng Throughput
Hamedoon et al. (2024) [26] Game-based clustering algorithm 6 Ng v v Sum Rate
Present Study Sectorization downlink 20 v v v Sum Rate, BER, maximum

number of users

Based on the summary shown in Table 2, previous studies have offered various innovative approaches for user
grouping and pairing in NOMA systems using different methods to achieve the desired performance parameters. Most
of these studies, such as CR-NOMA, suboptimal algorithm, mixed integer, iterative algorithm, and hill climbing search
and simulated annealing, focused on improving the sum rate or user throughput for user pairing with 2 users per group.
Further studies on a larger number of users have been conducted by You et al. [21] and Hamedoon et al. [26]; however,
the maximum number of users per group is still limited to 3 and 6 users, respectively.

Compared to these approaches, the downlink sectorization used in this study demonstrates a significant advantage in
handling a larger number of users while maintaining high performance, such as better sum rate and lower BER. In this
study, sectorization can achieve a maximum number of users up to 20 users per group. By isolating users into sectors,
interference can be minimized, which in turn enhances the overall system performance. This sectorization strategy not
only increases the capacity of the NOMA system but also ensures the efficient utilization of available resources. Overall,
the table illustrates that the study conducted by authors with the downlink sectorization method can overcome the
limitations of previous methods in terms of user capacity, power allocation efficiency, and interference management,
making it a superior solution for NOMA systems in high-density environments.

3-2-Discussion

The simulation results presented in this study provide valuable insights into the potential performance improvements
of sectorized Non-Orthogonal Multiple Access (NOMA) systems. In the context of real-world conditions, several
assumptions and considerations have been applied to ensure the relevance and feasibility of implementing sectorization
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in NOMA systems. One of the main aspects considered is the fact that sectorization is already used in existing
communication systems today. The use of sectorization allows existing physical infrastructure to remain in use without
requiring significant changes, as sectorization typically involves dividing the service area into several sectors managed
by different antennas at the base station. Thus, the implementation of sectorization in NOMA systems can be carried out
more easily, as it only requires adjustments to the logical infrastructure, particularly on the transmitter and receiver sides.
These improvements or changes include more dynamic power allocation management, the development of more efficient
interference cancellation (SIC) algorithms, and the adaptation of algorithms capable of optimizing performance in high
user density environments. Therefore, while the physical infrastructure does not require extensive modifications, the
logical infrastructure must be enhanced to address the challenges posed by network dynamics and complex traffic
patterns in real-world scenarios.

However, the proposed sectorization and Sequential Power Allocation (SePA) algorithm may face various challenges
in practical deployments due to varying network topologies and user mobility. In real-world scenarios, network
topologies are often irregular, with uneven user distribution influenced by geographical and environmental factors, such
as dense buildings in urban areas or open fields in rural areas. This leads to different signal propagation conditions in
each region. For instance, in dense urban environments, the presence of tall buildings and other obstacles can cause
signal blockages and increased multipath fading effects, resulting in uneven user distribution and high interference
conditions. In such cases, the effectiveness of sectorization may decrease, as users within a sector can experience highly
variable signal conditions. Therefore, the SePA algorithm may require further adjustments to account for heterogeneous
channel conditions and implement more dynamic power allocation techniques that can respond to changes in user
positioning and interference levels in real-time.

User mobility is another crucial factor that affects the performance of the proposed approach. As users move
between sectors or across the network, the SePA algorithm must continuously adjust power allocation to maintain
optimal performance. High-mobility users, such as those in vehicles, may experience rapid changes in channel
quality, making it difficult to maintain efficient power allocation. In such cases, real-time updates of Channel State
Information (CSI) are required, and any delay or inaccuracy in obtaining this information can degrade system
performance. To address these challenges, the sectorization and SePA algorithm can be enhanced with predictive
mechanisms or machine learning approaches that can anticipate user mobility patterns and proactively adjust power
allocation. Moreover, to handle varying user densities and traffic demands across different sectors in large-scale
networks, more adaptive or dynamic sectorization techniques are needed. These techniques can optimize the number
of users per sector based on real-time traffic and mobility patterns, thus enhancing the scalability and flexibility of
the SePA algorithm in real-world deployments, particularly in high-demand environments such as the Internet of
Things (10T) or 5G networks.

To overcome the limitations observed at higher user densities in NOMA systems, particularly related to interference
and power allocation, several methods have been proposed. These methods aim to address the performance saturation
seen as user numbers per sector increase. One such strategy is user grouping and dynamic sectorization, which involves
dynamic user grouping and sectorization based on real-time traffic loads and user mobility. This method could optimize
the number of users in each sector. Instead of having a fixed number of users per sector, the system would adjust sector
sizes dynamically to manage user density more effectively. By adjusting the number of users per sector in real time, this
approach can prevent performance saturation, allowing for more efficient power allocation and reduced interference by
redistributing users based on their real-time signal conditions and channel requirements.

Another promising approach is the use of machine learning for user grouping. Machine learning (ML) techniques can
be utilized to predict user mobility patterns, traffic loads, and channel conditions. ML algorithms can optimize power
allocation, user grouping, and interference management by learning from historical data and adjusting resources in real-
time. Machine learning enables the system to predict and proactively address congestion and interference in high-density
networks. This dynamic resource management can significantly reduce the limitations caused by high user density,
ensuring more efficient power distribution and improved SIC performance.

Lastly, improving the power allocation algorithm to be more dynamic in response to variations in the number of users
and their channel gains can further enhance performance in NOMA systems. This includes techniques for power
allocation distribution or detection methods tailored to user needs based on their distance and channel gain conditions.
The power allocation algorithm can distribute power according to the conditions of each sector based on the number of
users, their distance, and channel gains, even when several users are in the same position.

In summary, while the proposed sectorization and SePA algorithm show significant promise in controlled simulations,
their performance in practical deployments will depend on their ability to adapt to complex and dynamic network
conditions, including user mobility, heterogeneous topologies, and fluctuating traffic patterns. Future research should
focus on refining these techniques to ensure robust and efficient performance across a range of practical deployment
scenarios.
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4- Conclusion

This study has demonstrated that sectorization, combined with the Sequential Power Allocation (SePA) algorithm,
significantly enhances the performance of downlink Non-Orthogonal Multiple Access (NOMA) systems. By spatially
isolating users into specific sectors, inter-user interference is minimized, leading to substantial improvements in system
sum rate and a notable reduction in decoding errors. The simulation results showed a sum rate improvement of up to
25%, alongside a 51% reduction in Bit Error Rate (BER) when compared to traditional NOMA systems without
sectorization. The findings also revealed a performance saturation point at 20 users per sector, beyond which the addition
of more users does not yield further gains. This highlights the importance of controlling user density within each sector
to ensure optimal system performance.

The implications of these results are particularly relevant for modern wireless networks, including those supporting
the Internet of Things (IoT) and other high-density user environments. Sectorization offers a scalable and effective
solution to manage interference, thereby enabling NOMA systems to accommodate a larger number of users without
compromising communication quality. The study also underscores the critical role of power allocation strategies in
maximizing system efficiency, with the SePA algorithm proving to be an effective method for distributing power among
users in sectorized NOMA systems.

Future research should focus on exploring more dynamic and adaptive sectorization techniques that respond to real-
time user distributions and traffic demands. Additionally, the integration of machine learning algorithms to optimize
user clustering, power allocation, and interference management could further enhance the performance of NOMA
systems. Further experimental validation in real-world network scenarios will also be essential to confirm the practical
applicability of the proposed solutions.
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