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ABSTRACT

The increasing demand for higher data rates and improved energy efficiency (EE) in next-generation wireless
networks necessitates the optimized selection of multiple-access and coordination techniques. A hybrid joint
transmission (JT)-coordinated multi-point (CoMP) enabled orthogonal multiple access (OMA)/non-orthogonal
multiple access (NOMA) technique, combining the spectral efficiency (SE) and capacity benefits of CoMP
NOMA with the interference mitigation of CoMP OMA, offers a highly adaptable solution for future wireless
networks. This paper studies the joint optimization of CoMP/non-CoMP selection, OMA/NOMA selection,
power allocation, and user pairing, with the objective of maximizing the EE in the network. A Dynamic CoMP
user selection with energy-efficient adaptive multiple access (DCEAMA) algorithm to solve the formulated
problem is proposed. Our Monte Carlo simulations show that the DCEAMA surpasses both the pure CoMP
OMA and CoMP NOMA schemes in terms of EE, with an average increase of 38% and 26% respectively.
We compare our heuristic technique to an exhaustive search strategy to evaluate its efficiency. The findings
indicate that our strategy produces comparable EE across various power levels with reduced computational

complexity.

1. Introduction

The rapid expansion of the Internet of things (IoT) is creating a
significant influx of data, fueled by a wide range of devices that vary
from low-data rate sensor nodes to immersive smart home and trans-
portation applications [1-3]. Nevertheless, this revolution encounters
certain crucial obstacles: energy efficiency (EE), spectral efficiency
(SE), high capacity and coverage at the cell edges. Sensor networks,
which serve as the foundation of the IoT, continuously monitor environ-
mental parameters such as heat, light, humidity, visibility, temperature,
pressure, and vibrations. However, their crucial function depletes their
batteries, often necessitating inconvenient replacements. Innovative
and promising solutions by integrating several cutting-edge wireless
technologies are needed to improve the lifetime, capacity, SE, ubiqui-
tous connectivity, high reliability, and reduced latency of these critical
devices to overcome these hurdles and unlock the full potential of 5G
and beyond 5G (B5G) systems. The roll-out of fifth generation (5G)
and research towards sixth generation (6G) in industry and academia
have both resulted in influencing new capabilities and addressing the
increasing demand for mobile data traffic [4,5].
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Heterogeneous networks (HetNets) can enhance cell edge user per-
formance and increase attainable rates. Small base station (SBS) de-
ployment improves network capacity, SE, and coverage, but restricts
network throughput owing to inter-channel interference (ICI). Given
the limitations of signal processing techniques, it is necessary to explore
alternative methods for managing ICI. By utilizing coordinated multi-
point (CoMP), performance can be significantly enhanced through the
coordination of transmitted signals from multiple cells to prevent mu-
tual interference. The CoMP transmission mitigates the interference by
coordinating the joint transmission from SBSs, resulting in improved
received signal to interference plus noise ratio (SINR) and data rate
for users which leads to a decrease in outages. Non-coherent joint
transmission (JT) scheme is an advanced CoMP transmission method
that enables sharing of data and control information between coordi-
nating base stations (BSs) without phase-mismatch correction or strict
synchronization [6]. While CoMP approaches have demonstrated an
improvement in overall network performance, particularly for cell-edge
users, they may also degrade network spectrum efficiency and waste
valuable spectrum resources by limiting the number of users that can
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use the network. This is due to the fact that in CoMP transmission,
several BSs that use orthogonal multiple access (OMA) coordinate to
send data utilizing various resource blocks (RBs) to the same cell-edge
user. The advantage of less inter-user interference and easier receiver
designs comes at the cost of a restricted number of users who can use
the spectrum [7].

In third generation partnership project (3GPP) long term evolu-
tion (LTE) Release 15, non-orthogonal multiple access (NOMA) is
suggested as a viable B5G spectral-efficient solution to address the
problem of OMA’s spectral inefficiency. Power domain-NOMA enables
high connectivity while maintaining user fairness and managing high
traffic volumes [8-15]. To improve overall system throughput, users
with different channel conditions are multiplexed within the same RB
(time/frequency/code), allocating more power to distant users with
poor channel conditions and less power to nearby users with good
channel conditions. The primary motivation for applying NOMA in
future communication systems is its capacity to accommodate many
users rather than its SE. While NOMA can enhance SE, this benefit
diminishes when users have comparable channel gains [15]. Neverthe-
less, it is unlikely that NOMA will fully replace OMA in future wireless
networks, as there are various implementation challenges associated
with NOMA beyond infrastructure demands [10]. In order for optimal
performance, it is important to consider several factors. These include
distinct channel gain difference among paired users, the complexity of
the successive interference cancellation (SIC) receiver, potential delays
and error propagation as the number of paired users increase, the
presence of unpaired users, the power consumption associated with SIC
processing, and the interference experienced by users at the edge of the
cell. Even though NOMA uses the spectrum efficiently, its performance
degrades or fails due to increased interference when there is a high
user density or when the channel gain difference between the paired
users is not distinct enough. Consequently, using a hybrid approach
that incorporates both NOMA and OMA becomes desirable. It makes
it possible to switch between these strategies dynamically, improving
system performance in response to real-time channel conditions.

To meet the demands of a large number of IoT and mobile devices
in B5G/6G, a dense deployment of SBSs is necessary. This impacts the
EE of the network. Although CoMP helps address EE issues by man-
aging interference and enhancing throughput, there is still potential to
enhance EE by leveraging the adaptability of dynamic resource alloca-
tion. Typically, the goal is to maximize resources like SE, achievable
rate, and quality of service (QoS). However, when discussing green
communication, it is important to explore additional factors such as
EE optimization. Energy-efficient ultra-dense networks can satisfy the
needs of next-generation wireless communication systems by utiliz-
ing energy-efficient resource allocation algorithms to reduce power
consumption overall. In this paper, we study the non-coherent JT-
CoMP enabled hybrid OMA/NOMA framework that provides an energy-
efficient solution for edge users in HetNets.

1.1. Related work

In multi-cell downlink NOMA, the interference from neighboring
cells is more significant for edge users than it is from their own
cells [15]. However, in uplink NOMA, the interference received at
the BS is directly related to the number of users in each NOMA user
pair of the neighboring cells. Given that the interference is received
at the BS, which serves as a centralized entity, all users within a
specific NOMA cluster will experience it equally [8]. An uplink CoMP
transmission technique called network NOMA is proposed in [16] to
enhance system throughput and SE. Several CoMP NOMA techniques
have been examined in [7], with a focus on JT-CoMP NOMA, to prevent
ICI in a downlink multi-cell NOMA system. For every coordinating
cell, a low-complexity distributed optimal power allocation technique
is suggested.
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In [17,18], authors use a dynamic power allocation method to maxi-
mize EE while taking into account users’ QoS and maximum BS transmit
power constraints. The optimization issue in [17] is non-convex; hence,
an iterative, sub-optimal, rapid converging, and low complexity solu-
tion that combines fractional programming and difference of convex
programming is proposed to solve it. Nevertheless, [18] analyzes the
resource allocation problem with imperfect SIC and channel state infor-
mation (CSI) conditions, taking into account power allocation and user
scheduling for maximizing EE. Authors in [19-21] discuss a generalized
CoMP NOMA system where JT-CoMP is applied to all cell center
and cell edge users. A low complexity clustering algorithm that uses
an optimal power allocation strategy for every cluster is investigated
in [19].

The performance of cell edge users deteriorates due to ICI in multi-
cell settings and an increase in the number of low-powered SBSs that
are positioned closely. The introduction of CoMP in NOMA HetNets
aims to improve SINR of cell edge users and mitigate ICI, thereby
improving the performance and expanding the cell coverage area of
B5G networks in [22-25]. Void BSs, which are not serving any users,
coordinate to jointly transmit to cell edge users in a particular cell,
thereby improving the SINR performances of all near and far NOMA
users in [22]. In order to overcome ICI, [23] investigates a dynamic
power allocation problem for sum-rate maximization in a multi-cell
NOMA HetNet using CoMP. Analysis and study of the application of
several CoOMP NOMA models for power allocation in multi-cell set-
tings have been conducted. According to [24,25], integrating JT-CoMP,
NOMA, and heterogeneous cloud radio access networks (H-CRANSs)
improves SE. In [24], the idea of downlink dual connectivity utilizing
millimetre wave and microwave links concurrently at front haul and
access network in a CoMP NOMA H-CRAN to maximize EE is explored.
In contrast to the static modeling of users and BSs based on simula-
tion in [23], authors in [25] create a framework utilizing stochastic
geometry. In particular, the deployment of user equipment (UE) and
remote radio heads is modeled using Poisson point process to satisfy
the topological and spatial randomness requirements of B5G cellular
networks. A joint resource allocation problem and hybrid OMA/NOMA
mode design is studied in [21]. Each user with two RX chains is
served by two transmitting receiving points (TRPs) of a single BS using
non-coherent joint transmission.

Authors in [22-27], consider QoS-based resource allocation for
a NOMA-enabled JT-CoMP HetNet only. The research on combining
NOMA and OMA in existing literature is fairly limited [21,28-32], the
proposed methods are not adaptive approaches. In these works, either
OMA/NOMA modes are fixed scenarios [21], or user clusters utilize
NOMA and have orthogonal resources across cell clusters, or employ
either OMA or NOMA for one channel realization [31], or pair all
network users using NOMA and multiplex the remaining unpaired users
using OMA [32]. In [33-35], the authors implement an adaptive hybrid
OMA/NOMA scheme with user selection. This method is utilized in
underlay cooperative networks, where the primary users set a threshold
for acceptable interference. It effectively manages interference and
achieves high throughput and spectrum efficiency for both near and
far-users. However, it does not address interference for edge users in
a multi-cell context. Authors in [36], consider SIC power consumption
in the EE analysis but it is only for JT -CoMP NOMA. Moreover, they
consider only one NOMA cluster under each BS. The evaluations are
only for one CoMP user in the system.

Our work examines a multi-cell dynamic hybrid OMA/NOMA sys-
tem. In our work, special attention is paid to users located specifically
at the cell edges in order to mitigate interference by neighboring BSs,
which further helps in extending the coverage area and signal strength
of the weak bordering users. Each UE in the two-tier hybrid multiple-
access (OMA/NOMA) enabled network experiences different types of
interference. The management of cross-tier and co-tier interference
coupled with inter NOMA user interference (INUI) especially at the
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cell edges, is a challenging task. In our proposed hybrid multiple-
access HetNet, we employ a non-coherent JT-CoMP at the secondary
tier to avoid interference at the cell edges. At least two SBSs coarsely
coordinate with each other to simultaneously transmit information
to the weaker user. Based on the channel gains [37], the users in
each small cell can be classified into two categories: (i) CoMP users
and (ii) non-CoMP users. Further, depending upon the overall optimal
rate policy, the BS can adaptively switch between OMA or NOMA. In
case OMA is adopted, specific bandwidth is allocated to the SBS user
equipment (SUE), whereas for NOMA, the power allocation coefficients
are decided by the serving BS according to the channel gain difference
of the paired users. Therefore, for each SUE, one of the following four
modes is adopted to access the network in the hybrid approach: (a) non-
CoMP NOMA user, (b) CoMP NOMA user, (c) non-CoMP OMA user, and
(d) CoMP OMA user.

1.2. Motivation and contribution

While Coordinated Multi-Point (CoMP) Non-Orthogonal Multiple
Access (NOMA) effectively addresses the spectral efficiency (SE), con-
nectivity, and capacity requirements of users, particularly at the cell
edges, CoMP Orthogonal Multiple Access (OMA) can mitigate inter-
cell interference. Therefore, a hybrid Joint Transmission (JT)-CoMP
enabled OMA/NOMA technique that combines the advantages of CoMP
OMA and CoMP NOMA provides an adaptable and efficient solution
moving forward. A detailed review of the existing literature reveals a
significant gap in research on QoS-oriented resource allocation within
non-coherent JT-CoMP-enabled hybrid multiple-access HetNet, partic-
ularly in terms of EE. This work aims to bridge this gap by providing
the following contributions:

1. We investigate the integration of JT-CoMP and hybrid OMA/
NOMA techniques for downlink transmission of HetNets, with a
focus on improving service for edge users via SBSs coordination.
Our work focuses on cell-edge interference in this novel multi-
cell access model. In addition, we provide analytical expressions
for users’ data rates in the proposed hybrid OMA/NOMA net-
work under various configurations, including non-CoMP NOMA,
non-CoMP OMA, CoMP NOMA and CoMP OMA.

2. We develop an optimization framework to maximize EE while
adhering to the constraints imposed by SIC, QoS, and available
power budget. The optimization problem addresses the complex
balance needed to optimize network performance under these
constraints.

3. We propose a low complexity heuristic algorithm, referred to
as Dynamic CoMP user selection with energy-efficient adaptive
multiple access (DCEAMA) algorithm, to solve formulated mixed
integer non-linear programming (MINLP) optimization problem.
This algorithm strategically categorizes users in COMP and non-
CoMP, decides appropriate multi-access OMA or NOMA, selects
the user pairing if required and allocates power to ensure the EE
is maximized.

4. We evaluate the performance of EE using two different power al-
location schemes: the uniform power allocation method (UPAM)
which uses the total available power and divides it equally
among all network users, and the optimized power consumption
method (OPCOM), which aims to minimize the overall power
consumption of the network. We evaluate the proposed ap-
proach for the power consumption of SIC in the context of near
non-CoMP NOMA users to obtain more accurate and unbiased
results.
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Fig. 1. Proposed system model.

Table 1
Table of notations.
Notations Definition
M Set of SUEs under the coverage of sth SBS
S Set of all SBSs
B Bandwidth of a RB
N, Gaussian noise
a, NOMA/OMA binary indicator for user m;
B, CoMP/non-CoMP binary indicator for user m
A, Near/Far binary indicator for NOMA user m
|hfrf3|z Channel gain between SBS 5 and SUE m,
9;, Power allocation coefficient of NOMA user for UPAM, where
t€{N,F)
p;ff) Transmit power from SBS § to m,, where
tTe€{N,F,0,0C,NC}
P Total power consumption of network
7;1\ SINR of user m, with SBS s, where ¥ € {N,F,0,0C,NC}
an\ Achievable data rate of user m, where ¥ € {N,F,0,0C,NC}
R Total achievable rate of network
1.3. Notations

Matrices are denoted by uppercase boldface letters or symbols, such
as H. Variables are depicted using lowercase math-style letters, like A,
and constants are indicated by uppercase math-style letters, such as B.
Sets are denoted using calligraphic font, like M. A lowercase subscript
or superscript represents an index, for instance, in m,, the subscript s
denotes the index of the variable m. On the other hand, an uppercase
subscript or superscript is employed to indicate an entire variable or
notation; for example, “R™” represents the entire notation. Table 1
provides the definitions for the notations used in this paper.

1.4. Paper organization

The paper is organized as follows. In Section 2, we present the
proposed system model. In Section 3, the problem formulation for QoS
based resource allocation is discussed. The power allocation schemes
used in this work are discussed in Section 4. Section 5 provides a
detailed explanation of the heuristic algorithm, referred to as DCEAMA
algorithm, and its sub routines. The numerical analysis and discussion
is addressed in Section 6. Finally, Section 7 concludes the paper and
provides directions for future research.

2. System model

Consider a two tier JT-CoMP-enabled hybrid multiple-access OMA/
NOMA HetNet, as shown in Fig. 1. A high-power macro base station
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(MBS) is under-laid by a set of SBSs, represented as S = {I,...,S}.
Each SBS, denoted by s, where s € S, provides coverage to randomly
distributed SUEs. Every SUE served by SBS s is identified by an index
m,, where m represents the user index associated with that SBS s.
Furthermore, the set of SUEs served by SBS s is denoted as M, =
{1,,2,,..., M}, where M| represents the total number of SUEs covered
by SBS s. It is assumed that all BSs and SUEs employ a single antenna
configuration. For downlink transmissions, each SBS selects users for
scheduling through a hybrid multiple-access technique. Based on the
varying conditions, it may utilize OMA or NOMA.

The resources at the backhaul of SBS have been pre-allocated using
OMA. JT-CoMP is exclusively employed at the access link layer to
accommodate edge users facing interference limitations. The channel
between SBS 5 € S and SUEs m; is characterized by Rayleigh fading
which accounts for both distance and shadowing effects and is repre-
sented as |h$: |2. The MBS assumes complete CSI knowledge, allowing
it to make centralized decisions on user pairing, channel gains, CoMP
strategies, power allocation, and selecting the optimal multiple-access
approach. We assume that a maximum of two SBSs coordinate to
support cell edge CoMP users [23,36], thereby mitigating interference
and enhancing the QoS and EE for all network users. To simplify math-
ematical analysis and modeling in NOMA, perfect SIC is assumed. This
approach focuses on user categorization, pairing, and power allocation.
Each NOMA group includes two SUEs. To ensure efficient SIC and to
optimize both the sum-rate and user fairness among all users within the
coverage of SBS s, the SUEs are arranged in ascending order based on
their channel gains, given as |h(1§)|2 < |hf;)|2 << |h(‘;} |2.

The goal of this work is to maximize EE by dynamfcally allocating
power including JT-CoMP enabled hybrid multiple-access OMA/NOMA
scenario. This scenario includes the JT and coordinated cooperation
between two SBSs. Since the hybrid multiple-access approach is exclu-
sively used within the secondary tier, this work considers two types
of interference: INUI, and co-tier interference, referred to as ICIL. In-
terference originating from a BS situated outside the coordinating set
is regarded as part of the noise power. The total number of SUEs is
categorized into CoMP and non-CoMP users, with each category further
split into NOMA and OMA users. With randomly distributed SUEs, it is
possible for a NOMA pair to be composed entirely of non-CoMP users,
without including any CoMP SUE. Therefore, the non-CoMP SUEs can
be paired with either COMP users or non-CoMP users. This leads to two
possible pairings: (a) {non-CoMP, CoMP} pairing, and (b) {non-CoMP,
non-CoMP} pairing for SUEs. In such pairings, the non-CoMP SUEs can
be categorized as either near-users or far-users, whereas the CoMP SUEs
will always be classified as far-users. The NOMA pairs employ distinct
orthogonal RBs, thereby eliminating any intra-cell interference. The
bandwidth and power utilization of two non-CoMP users using NOMA
and OMA is shown in Figs. 2(a) & 2(b) where as Figs. 2(c) and 2(d)
display the bandwidth and power utilization of three CoMP, non-CoMP
SUEs using NOMA and OMA both.

Based on network rate performance and channel conditions, four
possible scenarios emerge where non-CoMP and CoMP SUEs may be
grouped under NOMA or OMA modes to access the network. To ensure
a fair comparison, we examine users in pairs, regardless of whether they
adopt OMA or NOMA. Additionally, we assume that both SBSs serve
the CoMP SUE using the same multiple-access technique, excluding the
possibility of combining OMA from one SBS and NOMA from another.
Below, we discuss these four cases and develop expressions for data
rate.

2.1. NOMA clustering with non-CoMP users
If a NOMA pair comprises two non-CoMP users, they are identified

as near-user and far-user, denoted as m, and m’ respectively, with both
{mg,m' ;} € M, based on their channel with the associated SBS s. The

Computer Networks 254 (2024) 110733

Pmlx - pmax
] e g User | User
3 & 1 2
a
Near-user
- B 0 B Z B
Bandwidth Bandwidth
(a) non-CoMP NOMA (b) non-CoMP OMA
SBS 1 SBS 2 SBS 1 SBS 2
pmax|—— N pmax
CoMP
CoMP Far-user a o -
5 Far-user g 30| e | 20| 5%
2 2| 28| 38| 98| 338
L & § 3 o3 £3 B
non-CoMP
T Near-user
Near-user
B 2B 0 B /. B 3B /2 2B
Bandwidth Bandwidth
(c) CoMP NOMA (d) CoMP OMA

Fig. 2. Bandwidth and power allocation.

near-user employs SIC to effectively remove interference from the far-
user’s signal. The expressions for the SINR for the near-user, after a
perfect SIC is give as,

)2 N(s)
= 1o, | Py
N —

s N,

4

(€3]

In the conventional NOMA, the far-user decodes the received signal
directly, treating the signal from the near-user as interference. The SINR
for the far-user is expressed as,

2 ps
1l
Y = o Ne o ZSN() . (2)
s S S
Ihm; | Pm, + N,
Finally, the achievable rates for SUEs m; and m’,, who are served over
a shared unit RB, are calculated as follows:

Ri:Blog2<1+y"’fj), 3
and
R:L=Blog2<l+yrf§), @

We assume B = 1 Hz for each RB, indicating that the NOMA pair
receives the entire bandwidth of RB.

2.2. OMA with non-CoMP users

Two non-CoMP OMA SUEs, denoted as m, and m’,, are served by a
single SBS s over a dedicated RB. Consequently, there is no INUI and
ICI between the SUEs in this scenario. Therefore, the signal to noise
ratio (SNR) expression for user m; is given as,

2 o
o Il A ©
o
and the data rate is expressed as,
Rgx = Blog, (1 + yfn)j ) . (6)

The SNR and corresponding data rate expression for SUE m', are
similar to (5) and (6), respectively. Considering NOMA configuration
involving two SUEs, we include two OMA users for a fair and equitable
comparison. For two non-CoMP OMA users, the bandwidth of the RB
is equally divided between them, i.e., B =1/2 Hz.
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2.3. NOMA clustering with non-CoMP and CoMP users

A near non-CoMP user within the coverage range of SBS s, denoted
as m,, can be paired with a far COMP user that receives service from
two coordinating SBSs s and 5. The near non-CoMP NOMA user utilizes
SIC to remove the interference caused by the far COMP NOMA user. The
SINR for the near non-CoMP user is calculated as in (1) after the perfect
SIC has been applied.

To enhance network coverage and quality for cell-edge users, who
experience lower signal strength, CoMP is utilized. The far CoMP
NOMA user receives transmissions from two coordinating SBSs s and
5, and therefore, it can be represented as m/ or m}. The signal received
by the far-user is represented as |h(°) | pNC(A> + |h(3)| pNC(A) In this
scenario, the CoMP user faces INUI from the near non- CoMP NOMA
user. This interference is due to the CoMP user being involved in NOMA
pairs with both SBSs, s and 5. The expression for SINR for the CoMP
NOMA user is as follows:

|h(Y) | NC(?)_,’_ |h(?) | N,C(f)
NC = - @
TR g P e,

The data rates for the near non-CoMP NOMA users m; and m; are
calculated as in (3), whereas the data rate for far CoMP NOMA user
is expressed,

Rf:l]f = Blog, (l + 7,1,:20) . (8)
2.4. OMA with CoMP users

As a CoMP-OMA user is served by coordinating SBSs s and SBS 5,
it results in an enhanced received signal, represented as |h(°)| OC(A)

|hfj,>| pz,c(“). The SNR to the CoMP user is given as follows:

oc 2 0CG

|h‘”| L L

oc _ 5 L 9
T, N, ©)

[

The data rate for the paired non-CoMP OMA SUE m is calculated as in
(6). The achievable rate of the CoMP OMA user is given as,

RS = Blog, (1 +y&c), (10

where B = 1/2 Hz in this case.
2.5. Total rate and power consumption in the network

The total number of SUEs is classified into CoMP and non-CoMP
users, with each category further divided into NOMA and OMA users.
Furthermore, non-CoMP NOMA users are divided into near and far
NOMA users. A unified rate expression that covers all four scenarios
previously outlined is formulated by introducing the decision variables
> By,> and 4,, . These binary indicators are defined as,

B, =

s

1, if user m, is a CoMP user
0, if user m, is a non-CoMP user

1, if user m, is under OMA configuration
= : an

0, if user m, is under NOMA configuration

1 1, if user m, is near NOMA user
s 0, if user m, is far NOMA user.

Finally, the unified rate is expressed as,

R, = f,, [aml_ Rg,f + (1 - a,,,d_) RZ:C] +

(1 —pmx) [amJRZY + (1 —amx) (/lme,’;’v +
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(1-,) & )| a2

The same rate expression will be used to calculate the data rate of
both paired users, denoted as m, and m. The potential outcomes of
the decision variables a,, , g, and 4, are summarized in Table 2. For
instance, a, =0, f, =0 and An. = 1 indicates that the user m; is
selected as a near non-CoMP NOMA user. This user can be paired w1th
a distant user m/ that can either be non-CoMP or CoMP NOMA user.
In both cases, @, = 0 indicates that the same multiple-access scheme
is applied to the near-user and the other user in the pairing. When §,,
equals to 1, 4, must be zero, indicating that a CoMP user must be a
far-user. A

Assuming there are W, pairs of users under each SBS. Then, the total
achievable data rate of a hybrid multiple-access network enabled with
JT-CoMP is given as,

R=2 Z {Ru, + Ry }. 13)

SES (m L Yew

where {ms,m’s} denotes an arbitrary pair of users in set W,. The

network’s total power consumption is separated into two parts: the
adaptable transmit power of SBS, represented as pm) and the constant
power consumption of the network’s circuitry, denoted as P, Because
SIC is implemented only at the strong users, the P may differ for
each SUE. However, for the sake of simplicity, it is assumed to be
constant for all possible SUE scenarios. The total transmit power Pp
of all SBSs is given as,

_ N(s) 4 F(s) . NCG) , 0Gs)  ,0CE)
PT—Z Z ( RS ) A ) 14)
SES mgEM; ;

and the overall power consumption of the network is expressed as:

P =pPp+ P (15)
2.6. Energy efficiency of the network

One of the key performance indicators of a cellular network is its
EE. The network’s EE can be expressed as the ratio of the total sum data
rate to the total consumed power. Mathematically, it can be expressed
as,

_ _Total achievable rate _ R
" Total consumed power ~ p
+R,,

ZSES Z(ms,m’x)ewx {R

- PT + Pcire

} (16)

3. Problem formulation

This section presents a joint dynamic power allocation optimization
problem to maximize EE in a JT-CoMP enabled hybrid multiple-access
HetNet. We consider QoS, SIC, and power consumption constraints
to achieve the goal. Consequently, the optimization problem can be
formulated as:

OP: max ¢
a.B.i.P

subject to:
Cy 1 0<p)Y) < P, Vs, my,
C i ) AP <P s,

meeM; a7

C; : R, =R"™, Vs m,

Cy 1 Ay, SN =P, —ay

Cs T(A)lh(s)l “f)lhﬁ?lz

Vs my,
> PSIC, Vs, my,

Cs :ap . B> An, €1{0,1}, Vs,m,
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Table 2
Users’ categorization w.r.t. a,, , f, and 4
OMA, a, =1 NOMA, q,, =0
CoMP, f§, =1 ROC RIS
Near-user, Far-user,
A =1 A, =0
non-CoMP, §, =0 R? s s
: : N F
R, R

where the matrix P represents the optimal transmit power from SBS
s to the users and can be expressed as:

ORI O] {10
P Py e Py
PO = , as)
T i
P pzm ijm

where € {N, F,0,0C, NC}. The notations {N, F,0,0C, NC} corre-
spond to near NOMA, far NOMA, OMA, OMA CoMP and NOMA CoMP
respectively. In (17), R™" denotes the minimum rate requirement of
the SUEs, and P™* represents the maximum power budget available
at each SBS. Constraint C; ensures that the power allocated to each
user m, is within the range [0, P"**], indicating that it should be non-
negative and not exceed the maximum available power. Constraint
C, limits the total assigned power to all users from exceeding the
maximum available power. Constraint C; guarantees the QoS for every
user. It states that the minimum data rate requirement R™" must be
achieved by each user. The constraint C, states that if a CoMP user
uses NOMA configuration, it must be a far-user. Given the ordering of
SUEs is based on their channel gain, the SIC constraint in C5 applies
to near non-CoMP SUEs. The transmit power for a weaker user needs
to be higher than the combined power of all users with stronger
channel gains within a cluster. Necessary power constraints for efficient
SIC for a two user NOMA pair to cancel the interference from p'm

to the pm) receiver is enforced by Cs, where PSC represents the
minimal threshold power difference necessary to distinguish between
the decodable signal and non-decodable NOMA interference. Constraint
C, shows the lower and upper bounds of the decision variables.

Finally, the objective function is to maximize the network’s EE while
satisfying the practical constraints C; through C4. The optimization
problem OP in (17) is MINLP in nature. Solving MINLP problems in-
volves complexities arising from the coexistence of nonlinear functions
and decision variables of a mixed nature. To tackle these complexities,
we adopt a systematic approach to resolve the optimization process,
including user classification, CoMP/non-CoMP pairing, multiple-access
method selection, and power allocation.

4. Power allocation schemes

We evaluate the network’s EE performance with two power con-
sumption schemes. The baseline model, called UPAM, distributes power
evenly among all users and serves as a benchmark for comparisons. The
OPCOM power allocation scheme optimizes EE by minimizing power
usage to meet users’ rate demands. This technique eventually improves
resource utilization to optimize network performance. We evaluate
both power allocation schemes across COMP OMA, CoMP NOMA, and
the hybrid JT-CoMP OMA/NOMA models to ensure a fair comparison.
The two power allocation schemes for EE calculation are as follows:

4.1. Uniform power allocation method (UPAM)

In this scheme, the total power budget at each SBS is uniformly
distributed across all users associated with it. Power must be distributed
among each pair of users using both OMA and NOMA techniques. This
step is critical to establishing the foundation for future strategic deci-
sions. Given that each pair consists of two users, the power allocated
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to each pair is 2. pT(é> In OMA, power is assigned evenly among both

users in the pair. However, in NOMA, power is shared among the near

and far-users with the ratio of 6N and 9: ,, respectively. The power
s !

coefficients 9N and 0: , are determined so that the target rate R™" must

be achieved, i.e., R,’r‘l’ Tz R™"_ The target rate for the far NOMA user is
defined as,

2 4
1R oF, - iy

R™m = log, | 1 + o , 19)
110N - pu + N,

which can be written as,

2 +
11”05, - py”

2Rmm -1 + 2‘ mg ms .
() T(s)
|hm;| HWIYY *Pmg +N0
2 T
, 1h)1"-6r, - p”
2Rmm 1= m mg

(2 i(s) ’
|hm§| 9,22 'pm: + No

|h(Y/) | HF }(Y)
> (20)

T2 1(s) ’
|hm§| e,lr\ljxpmA +No

where y = 28" — 1. After algebraic simplification, the power coefficient
for the far-user can be expressed as,

2
LK (Ihf,f)l pn + N )
oF, = ‘ 2D
s lh(r)l T(r) 1+ p)

Furthermore, 6’"’ +6'F =1 and ON < GF to increase the probability of

perfect decodlng of des1red SIgnals at both users. Therefore, 9N can be
computed as:

oy =1-0". 22)
4.2. Optimized power consumption method (OPCOM)

This power allocation scheme evaluates network’s EE performance
by allocating optimal power to each user based on their rates. The
computed power should be sufficient to satisfy a user’s QoS criteria.
For non-CoMP near and far NOMA users, the optimal power can be
calculated as,

. HuN,
] (23)
S
and
<|h(5)| pN(S)+N )
pr” . 24

)2
|1

To calculate the optimal power allocation CoMP NOMA expressions for
both coordinating SBSs, we consider pNC(A) pi’,c(s) and derive it as

5

<|h(”| P+ 1A pN“)+N>

NC(Y)

" KO + 101 -
| F

For users using OMA, we need to modify the constant minimum rate
requirement value from y to = because we assume B = 1/2, such that

T =2@R") _q, (26)
The non-CoMP OMA expression for power is given as,

N,
== 27)

-,
1§ |
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Algorithm 1: DCEAMA Algorithm

Algorithm 3: CnC_Pairing

1 Initialization: pmex  R™ir
2 Set of SUEs, M, = {1,...., M,},
s € {1,2}, such that M; UM, =M
Estimated channel gains, H® = |h§3|2, Vs,5€ S
{X,c, B} « Call CoMP_Count(M, H)
{A, B} « Call CnC_Pairing(M, X, H, ¢)
Classify users within each pair in /3 as near-user (4,, = 1) and

[

far-user (/1,,,v =0) according to H

7 a « Call MASON(M, A, B, A, B, H)

8 Compute the overall system EE using (16) with UPAM

9 Compute optimal powers for non-CoMP near and far NOMA
SUEs using (23), (24), and CoMP NOMA SUEs using (25)
within feasible region

o Compute optimal powers for non-CoMP OMA SUEs using (27),

and CoMP OMA SUEs using (28) within feasible region
Compute overall system EE using (16) OPCOM

—

[
-

Algorithm 2: CoMP_Count
Input: M, H
Output: X, ¢, g
1 Initialization: X = ¢: Set of CoMP users, c: Total no. of CoMP
users, @ : CoMP detection threshold, g = 0: CoMP/non-CoMP
user indicator
2 Define: |h§2|2 €H, Vs,5€ S, f, €, Vm,s
3¢=0
4 foreach s € {1,2} do
5 foreach m; € M do
6 if ||hl) 12 = |h5)1?| < @ then
7 Xy =X, Umg
8 B, =1
9

c=c+1

10 X —XUX, B—PUB,,

where it is the same for both paired users. To derive CoMP OMA
minimal power consumption expression, we consider pZ,C(S) = pZ,C(S),
s 5

and is expressed as

0C(s) _ TN,
m’ -

No (28)
s 5) |2 5,2
IR+ 115

5. Proposed DCEAMA algorithm

In this section, we discuss the proposed heuristic algorithm, referred
to as DCEAMA algorithm, as shown in Algorithm 1. The algorithm
solves the complex optimization problem in steps, including user clas-
sification, user pairing, multiple-access selection, and power optimiza-
tion. The sets of the randomly deployed SUEs within the coverage range
of two SBSs are denoted as M, and M,, where M| UM, = M, and M
represents the set of all users in the network. Channel gains between the
users and the SBSs are estimated, such that the channel gains between
SBSs s with users m, and m; are given as |hf,f3 |2 and IhE,fz Iz, respectively.
Similarly, the estimated channel gains of all users with the SBS s are
represented by a matrix H®, which is defined as

)% )2 ) 2

. 1Ay 1 ks 1Ay |
HY = . (29)

)2 )2 ) |2

Ihlsl Ihzsl vl

Input: M, X, H, ¢
Output: A, B
1 Define: X, e X, M, eM, Vse S
/* Pairing of COMP and non-CoMP users */
2 X = X, UA,, after sorting X, &, individually
3 foreach s € {1,2} do
Vo= M — X
if X is not empty then
A = Sort Y, in ascending order according to H®
A, < Pair first ¢ users in A with CoMP users in X
Y, = A- {non-CoMP paired users in s}

> non-CoMP users

® N o U »

/* Pairing of non-CoMP users */

9 foreach s € {1,2} do

10 while Y, not emptied do

11 B, « Pair first and last users in Y,
12 YV, « Y, - By

The proposed DCEAMA algorithm detects COMP SUEs in each SBS using
H® (line 4). To conduct a fair comparison for dynamically switching
between OMA and NOMA, we build user pairings for both schemes,
while in general only NOMA requires this pairing. Therefore, we con-
struct pairings for non-CoMP and CoMP users, which are identified
by Algorithm 2 (line 4). Algorithm 3 forms users’ pairs and divides
the pairs into two sets A and B. (line 5). Set A includes both CoMP
and non-CoMP users’ pairs, but 3 only contains non-CoMP users’ pairs.
Following this, the set of users in B are classified as near and far-
users according to their channel gains (line 6). Within each pair of
users in 3, users with high channel gain are assigned 4, =1 and are
categorized as near-users, whereas users with low gain are assigned
Am, = 0 and categorized as far-users. Then, the optimized multiple-
access scheme (OMA or NOMA) is determined for each pairin A and B
using Algo 4 (line 7). The network’s EE is calculated with UPAM (line
8). After categorizing users as NOMA or OMA, the optimized power
allocation, known as OPCOM, is calculated for each user (line 9 — 10).
The optimized power for users in each pair in A and B is computed
for NOMA pairings using (23), (24) and (25), and for OMA pairs using
(27) and (28). Finally, the network’s EE is determined using optimal
resource allocation for all pairings, as given in (16).

The following subsections explain the subroutines used in Algorithm
1.

5.1. CoMP _Count algorithm: User identification and categorization

Algorithm 2 generates a set of CoOMP users & and counts the total
number of CoMP users in the network in ¢. Furthermore, the algorithm
generates a binary indicator variable, §, to categorize users as CoMP
or non-CoMP users. It receives the set of all users, denoted as M, and
the channel matrix, represented as H = {HV,H?®} as inputs. For SBS
s, the algorithm classifies COMP users by comparing the gain difference
between users and their associated SBS s, as well as a coordinating SBS
5, against the given CoMP detection threshold, @ (lines 4 — 10). Users
with a gain difference less than @ are identified as CoMP users (line 7)
and their corresponding B, is set to 1 (line 8). Additionally, the number
of CoMP users for the respective SBS is also incremented (line 9). The
same process is repeated for the other SBS.

5.2. CnC _Pairing algorithm: CoMP and non-CoMP pairing

The users are paired in Algorithm 3, using the 2-user downlink
pairing, as proposed in [38]. This algorithm accepts the following
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inputs: the set of all users M, set of all COMP users X, channel matrix
H = {HD,H?}, and the total number of CoMP users c. It is assumed
that the total number of CoMP users is always less than the number of
non-CoMP users under each SBS. It produces two sets of pairings: .A
and B. Set A contains the pairs of non-CoMP and CoMP users, whereas
set /3 has exclusively non-CoMP user pairings. The following points are
assumed for pairing.

+ A pair must include exactly two users.

Non-CoMP users cannot appear in multiple pairs.

Non-CoMP users in a pair must be associated with the same SBS.
The CoMP user is served by two SBSs, therefore it is paired with
two different non-CoMP users associated with different SBSs.

A CoMP user can only pair with a non-CoMP user.

The unpaired users will select OMA as the multiple-access tech-
nology.

The algorithm begins with pairing of CoMP and non-CoMP users
(lines 2 — 8). The CoMP users within each SBS, denoted as &, and
X,, are organized in ascending order based on their channel gains.
Subsequently, these sets are merged to form X (line 2). For SBS s, the
non-CoMP users Y, are found by subtracting the set of COMP users X
from the total number of users associated M, with s (line 4). If there
exists any CoMP users in the network, i.e. X # {J, the pairing procedure
will proceed, and the CoMP users are paired with non-CoMP users (lines
6 — 8). The users in Y, are sorted in an increasing order according to
channel gains (line 6). Then each CoMP user in X is paired with non-
CoMP users of SBS s in Y, and these pairs are then assigned to A
(line 7). To prevent duplicates, paired users are removed from ), before
identifying the next pairs, and Y, is updated (line 8).

After the pairing of CoMP users with non-CoMP users is finished,
the pairing of unpaired non-CoMP users within Y, begins (lines 9 —12).
Because the users in Y, are ordered based on channel gains, the first and
last users for each SBS are paired and placed in B, (line 11). The paired
users are then removed from Y, to prevent duplicates. The process
continues until all users are paired, and Y, is empty.

5.3. MASON algorithm: NOMA and OMA modes selection

The MASON Algorithm, shown in Algorithm 4, uses a hybrid multiple-
access strategy, categorizing network users as OMA or NOMA config-
urations. The algorithm chooses the configuration that results in the
highest sum rate per pair, which is affected by channel conditions and
the number of users within a given cell. The algorithm takes in various
inputs, including a set of users M, pairs of {CoMP, non- CoMP} A and
{non-CoMP, non-CoMP} B, near/far binary indicator matrix A, binary
indicator matrix for COMP/non-CoMP categorization f, and a channel
matrix H = {HY,H®)}. The algorithm outputs the optimal multiple-
access technique for each pair, denoted as a. The power budget is
equally distributed across all users associated with each SBS (line 3).
Given that each pair consists of two users, the power allocated to each
pair in both A and B is Z.pj,,(:) (line 4). Power allocation for each
user pair is performed independently under both potential multiple-
access techniques (OMA and NOMA), establishing the foundation for
subsequent decisions. These decisions rely primarily on UPAM. The
algorithm starts with deciding for multiple-access configuration for
{CoMP, non-CoMP} pairings within B for both SBSs separately (lines
5-13). Therefore, for an arbitrary pair {m, m.} € By, the optimal power
coefficients for the near-users Br’:li_ and for the far-user 9: , is calculated
as in (21). '

The sum data rate of a non-CoMP NOMA pair is derived using (3)
and (4), and is given as,

() _ pN F
R Rmx+Rm,‘.

SUM — / (30)
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Algorithm 4: MASON
Input: M, A, B, 4, f, H
Output: a

1 Define: «,, € a, Vm,,s

2a=0
oy pmas
Py = a1

4 Allocate (2 - pf,,(:)) to each SUE pair in A, B, Vm,,s
/* NOMA/OMA decision for non-CoMP pairs */
s foreach s € {1,2} do

Vmg; € Mg, sE€S

6 foreach pair {m,m’} € B; do

7 Calculate (02’3,0}2) for my, m!, using (21)

8 R(;Z] M Compute rates of ms,mg using (30)

9 R(SZL)/ M Compute rates of ms’m; using (31)

s p(D) (2)

10 if Ry 2 Ry then

1 ‘ {a, . o } ={0,0}

12 else

13 | ey @) = (1 1)

/* NOMA/OMA decision for mixed pairs */

14 foreach pair {m;,m|} € A, and {m,,m}} € A, do

15 Calculate (8% ,0;,) for m;,m' using (21)

16 R(;LM < Compute rates of {m,m’|}, {my,m',} using (32)
17 R(;[)]M « Compute rates of {m;,m’|}, {m,,m’,} using (33)

: (3) (4)

18 if RG,,, = R, then

19 || {@, @, } = (0,0}, {a,,,a,,}={0,0}

20 else

2 | | @@} = (1L 1) {0, ) = {1,1)

Similarly, the sum data rate for two non-CoMP OMA paired users is
calculated using (6), and is given as,

(31)

(2) _ po o
Ry y =R) 4R,

If R(SI:J v > R(szz)/ > the pair {m m!} is configured under NOMA mode
(line 11); otherwise, the pair is configured under OMA mode (line 13).
The same procedure is repeated for all pairs in B;.

Furthermore, the algorithm determines the mode decision for COMP
and non-CoMP paired users (line 14 —21). In this scenario, pairings can
only use NOMA or OMA configurations. Using (3) and (8), the sum data
rate for NOMA clustering with two non-CoMP and a single (common)
CoMP user can be computed as follows:

3) _ pN N NC
R{yy = Ry +RY +RNC.

SUM (32)

Similarly, using (6) and (10), the sum data rate for OMA pairs with
a (common) CoMP user and two non-CoMP users can be computed as
follows:

@ _ po 0 oc
Rsym =Ry, + R, R (33)
If R(s31)J u > R(s41)1 > the three users are configured under NOMA mode

(line 19); otherwise, the users are configured under OMA mode. The
same procedure is repeated for all pairs in A; and A,.

5.4. Complexity of the algorithm

Algorithm 2 serves as a user classifier with a complexity of O(S-M,).
Since the user classification is performed over all SUEs, m; € M, for
all SBSs.

Algorithm 3 performs pairing of CoMP, non-CoMP users for each
SBS. The sets X, and &, are sorted individually using the Merge sort
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Fig. 3. EE without considering SIC power.

algorithm. Therefore, the complexity is given as O(|X;|log|X,;|) and
O(|X, | log|X,|) for sorting individual sets, and the total complexity will
be O (|X|log|X;| + |X;|log|X,]). In the loop between lines 3-8, the
subtraction of sets on line 4 has a complexity of O (M, + |X,|). The
sorting of Y, on line 6 with complexity |V,|log |Y,|. Therefore, the over-
all complexity of the loop is given as O (M, + |X,| + | V| log |V,|). The
worst-case complexity of the nested loops between lines 9 and 12 can
be given as O (2-|¥,|/2) = O (|Y,). Therefore, the overall complexity
of Algorithm 3 is given as O (M, + |X,| + |V,|log | Y| + [¥I,).

In Algorithm 4, the complexity is mainly dependent on |.A,|, which
represents the number of CoMP, non-CoMP users pairs, and |B,|, which
represents the non-CoMP, non-CoMP user pairs in both SBSs. A and B,
are both bounded by the total number of users | M,|. Assuming that all
operations within the loops represent constant operations, the worst-
case complexity for this algorithm is also O(S - M + M,). Finally, after
combining the complexity of individual routines, the overall complexity
can be given as O(S - M, + M log M,).

6. Simulation results and discussions

This section evaluates the performance of the proposed solution,
known as DCEAMA, using UPAM and OPCOM power allocation
schemes. UPAM scheme is used as a benchmark to evaluate system
performance. Given the randomness in the system, Monte Carlo sim-
ulations are used to average the results. The benchmark resource
allocation schemes employing only CoMP OMA, only CoMP NOMA
and fully non-CoMP NOMA are also included. We consider a multi-
cell system where a single MBS is under laid by 2 partly overlapping
SBSs [23], each with 5 associated users. Each RB multiplexes at the
most 2 users per pair. Rayleigh fading is used to model the channel
at a small scale. Each SBS is assumed to have a transmit power
of 25 dBm [23], and they all serve the same number of users. We
assume SIC power and the circuitry power P¢"¢ to be 10 dBm and 20
dBm [39], respectively. The minimum rate requirement, i.e., R™", for
each SUE normalized by bandwidth is defined as 1.5 bps/Hz, ensuring
a baseline level of service quality for typical data applications such
as web browsing, video, voice over internet protocol (VoIP), and IoT
devices. Our method guarantees that all users meet the minimum rate
requirement, resulting in maximum fairness and a Jain’s fairness index
of one [40]. It then calculates the optimal power allocation. Finally,
the results are normalized to achieve fairness.

Note: We will use the term “Hybrid” to refer to hybrid JT-CoMP
OMA/NOMA, “OMA” for pure CoMP OMA, “NOMA” for pure CoMP
NOMA and ” Non-CoMP NOMA?” for fully non-CoMP NOMA in the plots
and result discussions.

Fig. 4. EE considering SIC power.
6.1. EE performance with varying SNR

6.1.1. General analysis

Fig. 3 depicts the EE performance of the proposed system. In gen-
eral, the EE improves as the SNR increases across all configurations
and power allocation schemes. The hybrid scheme performs better
than all OMA, NOMA and non-CoMP NOMA schemes, regardless of
the power allocation scheme used. With OPCOM, NOMA outperforms
OMA until SNR = 10 dB. This is due to its effectiveness in utilizing
non-orthogonal resource allocation, which enables the support of two
user with different channel conditions. The improved EE of OMA in
high SNR region is a result of the decreased effectiveness of NOMA
caused by a rise in INUI among NOMA users. The proposed approach
uses a hybrid strategy to dynamically switch between OMA and NOMA
based on real-time factors such as channel conditions, SNR, CoMP and
non-CoMP user pairings, and unpaired users. At an SNR of 3 dB, the
hybrid scheme employing OPCOM demonstrates around 23% superior
performance compared to NOMA, 53% compared to OMA and 121%
compared to non-CoMP NOMA . The proposed solution shows a 35%
improvement compared to the hybrid approach utilizing UPAM. At 7
dB, the performance gap slightly decreases. This decrease is due to the
optimized method consuming less power, which is constrained by a
constant minimum rate R™", compared to a fixed power consumption
of the UPAM approach at higher SNR levels.

It is generally observed that non-CoMP NOMA tends to have the
lowest EE for both UPAM and OPCOM in comparison to other base-
line techniques. ICI from neighboring SBSs is a significant issue in
non-CoMP NOMA as each SBS operates independently, which in turn
necessitates increased power consumption to meet the minimum rate
requirements. On the other hand, the application of JT-CoMP to both
OMA and NOMA coordinates transmissions among both SBSs to man-
age interference. Thus, this coordination turns potential interference
into meaningful signal. The signal strength is enhanced significantly,
resulting in a reduction in the transmission power needed. This, in turn,
leads to improved EE and network performance.

6.1.2. Impact of SIC on EE performance

We evaluate our proposed model by analyzing the power con-
sumption factor of SIC, allowing for a more practical comparison with
the schemes under consideration. Fig. 4 demonstrates that the overall
trends with all schemes are similar to Fig. 3, where SIC power consump-
tion factor is not considered. However, the EE of the hybrid approach is
reduced in this case, as compared to the one that does not consider SIC.
Fig. 4 shows that with OPCOM, OMA outperforms NOMA at a lower
SNR region than Fig. 3. This is because the SIC is exclusively used at
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Fig. 6. Power consumption analysis of proposed algorithm with OPCOM considering

SIC.

the near NOMA users, which has a negative impact in comparison to
the simple OMA receivers. When taking power consumption of SIC into
account non-CoMP NOMA tends to behave the same and has the lowest
EE for both UPAM and OPCOM in comparison to rest of the techniques
due to interference by neighboring SBS.

6.2. Power consumption with varying SNR

6.2.1. General analysis

A comparison of the power consumption of all multiple-access
schemes employing OPCOM across varying SNR is depicted in Fig. 5.
Power consumption decreases as SNR improves in all schemes. This
behavior suggests that increased SNR levels improve the effectiveness
of transmitted power. Overall, the proposed system consistently con-
sumes less power than non-CoMP NOMA,OMA but more than NOMA.
NOMA enables multiple SUEs to be allocated on the same RB, justifying
its decrease in power consumption where as non-CoMP NOMA gets
affected by interference. The gap between OMA, non-CoMP NOMA
and proposed scheme gradually decreases, and at higher SNR values,
all schemes converge to each other. This occurs because all schemes
can minimize power consumption when the strong intended signals
overpower noise and interference, leading to similar power consump-
tion levels. In non-CoMP NOMA interference can still be introduced by

10
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Fig. 8. Trade-off between spectral efficiency and energy efficiency of proposed
algorithm with UPAM scheme.

neighboring SBS with high SNR. Nevertheless, the efficiency of NOMA
in power allocation based on channel conditions enables it to enhance
EE even at high SNR. This achieved by optimizing power levels for the
two users, enhancing SE, and reducing power consumption.

6.2.2. Impact of SIC on power consumption

It is critical to consider the impact of SIC on power consumption
because it is more realistic and can provide deeper insights. Fig. 6
shows an increase in overall power consumption for the proposed
hybrid, non-CoMP NOMA and NOMA schemes compared to Fig. 5,
whereas OMA is the same because OMA does not incorporate SIC. When
the SNR is low, OMA and non-CoMP NOMA consume the most power,
while hybrid and NOMA use approximately half as much. Since OMA
allots dedicated resources to each user, power consumption may rise
when SNR is low. Despite having slightly higher power consumption
than NOMA at lower SNR levels, the hybrid approach outperforms OMA
overall. At 4 dB, a 46% less power is consumed by proposed hybrid
approach against OMA, a 55% less than non-CoMP NOMA, whereas
9% more power consumption when compared to NOMA. The hybrid
approach gradually approaches NOMA in terms of power usage as SNR
level increases. This implies that the hybrid approach moves towards
the more power-efficient features of NOMA under favorable channel
conditions. Therefore, adopting the hybrid approach is questionable
if NOMA consumes less power and performs comparably to the pro-
posed approach at higher SNR levels. Although the hybrid approach
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Fig. 9. Outage ratio vs SNR for R™" = 1.5 bps/Hz.

consumed 12% more power than NOMA at 0 dB, it improves EE by
26%, as shown in Fig. 4. The hybrid method outperforms NOMA at 5
dB, consumes only 9% more power, and is 30% more energy-efficient.
Overall, the hybrid approach outperforms NOMA and OMA both.

6.3. Spectral efficiency with varying SNR

Since SE is the ratio of achieved data rate and the available/
consumed bandwidth, we determined the optimal power value with
respect to R™" in OPCOM. As a result, the numerator is consistent
across all schemes and shows no significant pattern. Therefore, SE of
OMA, NOMA, and hybrid schemes is evaluated with UPAM scheme.
Fig. 7 shows that NOMA outperforms the other schemes in terms of SE.
It clearly demonstrates its superiority when compared to the proposed
hybrid approach and OMA. The hybrid scheme is approximately 27%
less efficient than NOMA, but 99% more spectral efficient than OMA.

6.3.1. Spectral efficiency relationship with EE with varying SNR

SE is improved by dynamic power allocation based on users’ channel
conditions. In addition, it can improve EE since users with stronger
channel gains require less power to achieve their desired data rates, re-
sulting in reduced energy consumption across the network. In general,
there is a trade-off between SE and EE where increasing SE requires
higher transmission power, which could potentially decrease overall
EE. However, in Fig. 8, both SE and EE are increasing, with EE showing
a more rapid increase in hybrid and OMA schemes. SE increases log-
arithmically with SNR. EE improves more noticeably due to efficient
power allocation and interference management. Nevertheless, the rate
at which SE increases is generally lower than that of EE. At higher
SNRs, the increased power mainly improves EE by reducing the amount
of energy needed to transmit each bit. However, the improvements in
SE become less significant as the relationship between SE and SNR
follows a logarithmic pattern.

6.4. Outage analysis

The outage ratios of CoMP NOMA, CoMP OMA, hybrid CoMP OMA
NOMA, and fully non-CoMP NOMA schemes are compared at various
SNR values in Fig. 9, Fig. 10 and Fig. 11 for different values of R™".
All schemes demonstrate low outage ratios, with the hybrid scheme ex-
hibiting the lowest among them, when considering R™" = 1.5 bps/Hz.
The outage ratios show an increase across all schemes when R™" is
set to 3 bps/Hz. However, the hybrid scheme is the most effective,
particularly at higher SNR levels. At a R™" of 5 bps/Hz, the hybrid
scheme exhibits the lowest outage ratio at high SNR levels, even though
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it initially has a higher ratio at lower SNR. When R™" requirements are
increased, the hybrid approach starts to behave more like NOMA due to
the power allocation strategies aligning to meet stringent rate demands.
This results in similar power consumption patterns. In general lower
SNR values result in higher outage ratios for all schemes. It is not un-
expected that there are more frequent outages due to the poorer signal
quality. Another important result from these figures can be drawn that
hybrid and CoMP NOMA schemes outperform fully non-CoMP NOMA
because edge users are cooperatively served by joint transmission of
coordinating SBSs, thereby eliminating interference from neighboring
SBSs. The CoMP transmission mitigates the interference by coordinat-
ing the joint transmission from SBSs, resulting in improved received
SINR and data rate for users. This ultimately leads to a decrease in
outages. Hybrid scheme consistently displays lowest outage ratio across
all SNR levels and R™" values effectively demonstrating its superiority
over rest of the baseline schemes.

6.5. Comparison of proposed heuristic with exhaustive search approach

To validate the performance of the proposed DCEAMA algorithm,
we compare it to an exhaustive search method that considers user
pairing and multiple-access selection by exhaustively pairing CoOMP and
non-CoMP users. Furthermore, we select either OMA or NOMA for each
potential pairing to maximize the sum data rate. This systematic ap-
proach enables us to identify the most efficient multiple-access strategy
for any possible situation. We then compute the EE of the network
for each scenario to evaluate its overall performance. The scenario
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Fig. 12. Comparison of proposed heuristic with Exhaustive search algorithm.

with the highest EE is selected as the optimal case. As depicted in
Fig. 12, the EE of our proposed heuristic is comparable to that of the
exhaustive approach. On average, the exhaustive search is only approx-
imately 1.35% more energy-efficient than the proposed approach. Our
analysis primarily examines user pairing and multiple-access selection.
To evaluate the performance of the proposed approach, we conduct
a comparative analysis using four distinct power coefficients for near
NOMA users, i.e., 0,’;’5 ={0.1,0.2,0.3,0.4}. This enables a comprehensive
assessment of the approach’s effectiveness by examining how varying
power allocations impact performance. A larger 0»’:2 value improves
performance in terms of EE.

In terms of computational complexity, the heuristic performs better
than the exhaustive search method. The computational complexity of
heuristic is O(S - M+ M log M), whereas the complexity of exhaustive
search is approximately O (S - M2). The heuristic scales linearly with
the number of SUEs and SBSs, whereas the complexity of exhaustive
search increases exponentially with the number of users, leading to a
higher number of unique pairings per user. This surge considers sym-
metry for each SBS, intensifying the computational demand. However,
the exhaustive search method guarantees the best solution. Overall, the
proposed DCEAMA method is computationally simpler and achieves
nearly equivalent results.

7. Conclusion and future work

In this paper, we have investigated a novel non-coherent JT-CoMP
enabled hybrid OMA/NOMA system for improving the EE of power-
constrained IoT devices in B5G system. The proposed system is mathe-
matically modeled as an MINLP optimization problem, which is solved
by proposing a low complexity heuristic algorithm, termed as DCEAMA
algorithm. The proposed algorithm involves several steps, including
user categorization, CoMP/non-CoMP pairing, selecting optimal
multiple-access scheme pairwise based on maximum sum data rate
using UPAM, and finally evaluating the network EE to consume mini-
mum power using OPCOM. Simulation results show that the proposed
scheme outperforms traditional COMP OMA and CoMP NOMA schemes
in terms of EE across all SNR values. However, when considering the
SIC power consumption factor for NOMA, the EE reduces compared to
the basic model and is relatively less energy-efficient than pure CoMP
OMA at high SNR values. In conclusion, our proposed hybrid approach
combines the efficiency of NOMA and the reliability of OMA to pro-
vide a flexible solution. Switching between these strategies improves

12

Computer Networks 254 (2024) 110733

system performance by adjusting to real-time channel conditions. This
approach achieves an effective combination of spectrum efficiency and
interference reduction, catering to wide range of user requirements
while also ensuring the system’s adaptability to changing technological
demands.

In the future, we plan to investigate the use of machine learning
techniques, such as reinforcement learning (RL), to address this opti-
mization problem. The RL agent can optimize EE by interacting with
the hybrid multiple-access HetNet environment and intelligently choos-
ing between NOMA and OMA. Further research can expand the user
cluster and accommodate more CoMP users within a pair. The hybrid
multi-access HetNet can be integrated into the smart city architecture
to effectively handle transmission and provide seamless connectivity to
users (or devices in smart cities), considering the diverse nature and
locations of the traffic generated in smart cities. This integration will
help cater to the different quality of service requirements of HetNets
in different environments. Furthermore, this research may be extended
to the concept of moving small cells for in-vehicle mobile users that
have varying data load, uninterrupted services and enhanced QoS
requirements.
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