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Abstract

The 5G cellular technology has increased demand for high data rates, necessitating the use of greater
base station (BS) power and bandwidth. However, these resources' accessibility

are often restricted. Lack of accessible channel restricts user space within the cell, and higher power
usage overloads the battery supply (BS) and releases CO2 gas, which is harmful to both human health
and the environment. Thus, the creation of a nonorthogonal multiple access (NOMA) system that is
energy-efficient is a pressing necessity. Thus, we present in this paper a user fairness-based power
allocation strategy along with a channel assignment technique for NOMA cellular networks, where the
goal is to maximize overall energy efficiency (EE) while meeting the minimum required data rate
within the base station’s limited power budget.

Additionally, we explicitly consider the order limits on the user capabilities on each channel, which are
frequently disregarded in the literature and demonstrate their substantial influence on SIC in NOMA
systems. Additionally, we suggest combining the matching algorithm with the ideal power allocation to
provide a low-complexity, effective way to simultaneously optimize channel assignment and power
allocation in NOMA systems. Furthermore, we have identified the conditions that need to be satisfied
in order for the distributed power optimization approach to be approved as a feasible resolution for the
joint power optimization problem. As a result, the outcomes were split into two stages. Step 1 involved
taking three network sizes (2*4, 3*6, and 4*8) and determining the best point (Weighted Rate) for each
algorithm based on each element (Total Power, Fairing Index, Total Rate, and Energy Efficiency). It
was then determined that the algorithms to which the technique was applied are optimization
algorithms (GA, GWO, and WOA). Therefore, after applying the technology to multiple algorithms,
the algorithm (GWO) was superior to other algorithms based on the reduction in capacity consumption,
equal distribution to all users, high productivity, and finally the good efficiency of the technology.

Keywords: 5G, NOMA, SIC technique, algorithms optimization

Introduction

The key to the expansion of 5G and 6G communications systems is the enhancement of data
throughput and power allocation. This idea was created through Non-Orthogonal Multiple
Access (NOMA) methods. With the advancement of 10T technology, mobile devices (MDs)
are extensively employed for data collection and processing. Typically, these devices are
designed to be compact, with limited computer resources and power supplies. However, in
some applications, calculation tasks are so complex that the mobile device is processing unit
may require a considerable amount of time to complete them, raising concerns about the
device’s excessive energy consumption. [, it is shown that the capacity region of the
multiuser downlink SISO RIS system can be achieved by NOMA with time-sharing . To
this end, NOMA is a promising candidate solution for the beyond-5G (B5G)/sixth generation
(6G) wireless networks 1,

The SIC complexity is cubic in the number of multiplexed users. Another issue is error
propagation, which increases with the number of multiplexed users. Hence, single carrier
NOMA (SC-NOMA), where the signal of all the users is multiplexed, is still impractical for
a large number of users. In this line, NOMA is introduced on multi-carrier systems, called
multicarrier NOMA (MC-NOMA), 4. Focus on wide range and minimum rate: This is my
first article to present the binary version of the WOA (BWOA) and introduce the penalty
method to deal with optimization constraints. Combination of the original WOA with
BWOA and penalty method allows us to solve a wide range of optimization problems and
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obtain a high solution quality, the research focused on
expanding and containing the data, but the data was not

distributed with Minimum Rate and little Energy Efficiency
5]

There is no limit on the number of users in each cluster,
schemes based on the other heuristic algorithms and random
user clustering with greedy strategy. Mixed integer
nonlinear programming (MINLP) is a non-convex problem.
The complexity of finding the optimal solution directly is
unacceptable. To solve the problem, a heuristic algorithm
based on GA proposed, the systems are using as: downlink
NOMA (GA, hill climbing based algorithm (HC) and
simulated annealing based algorithm (SA)) 1.

Focus on user fairness to improved objective function to
eliminate the tight and redundant constraint of guaranteeing
the user fairness in every sub-carrier in the previous joint
allocation algorithm and can also make better use of the
electrical signal power under the limit of optical signal peak
power by reducing the peak-to-average power ratios
(PAPRs), These three proposed algorithms address the
requirements in  fairness-throughput-balanced (FTB),
fairness-first (FF), and throughput-first (TF) scenarios,
respectively. This research has more than one algorithm for
each algorithm that works on a specific part, but in our
algorithm, the work is dynamic for all parts of the network
and at the same time, it is an integrated work [l Power
finding globally optimal power allocation algorithms to
minimize the BSs power consumption, and maximize
SR/EE by using water-filling and Dinkelbach algorithms.
The use of the system Multi-carrier Hybrid-NOMA (MC-
NOMA) is equivalent to the uses of these systems FDMA-
NOMA, but it is better compared to productivity and reduce
power [,

Focus on throughput: the goal of maximizing the overall
system through-put while ensuring temporal fairness among
the contending users, to propose to dynamically construct
reduced cardinality user pair and user triple sets as opposed
to using the entire pair and triple sets, out of which a pair or
a triple is to be selected, users. The effectiveness of the
proposed power allocation method along with the temporal
fair scheduling algorithm for downlink NOMA is validated
with simulations and the performance impact of the transmit
power and the coverage radius of the base station as well as
the number of users are thoroughly studied 1. Apply two
different swarm intelligence algorithms, namely, the
recently in-troduced Grey Wolf Optimizer (GWO), and the
popular Particle Swarm Optimization (PSO), emerging
swarm intelligence algorithms with low complexity. Low of
quality of service (QoS) constraints to the given problem.
To jointly optimize the sub-channel assignment and power
allocation to maximize the weighted total sum-rate while
taking into account user fairness (1%,

Proposed a low-complexity user-sub-channel swap
matching algorithm in which the users and sub-channels can
be matched and form a two-sided ex-change stable matching
(11 Energy efficiency: Simulation results show that the
improved algorithm achieves better EE performance than
typical schemes, such as convex optimization and the

http://www.computersciencejournals.com/ijcit

original PSO algorithm for NOMA systems. Because of the
NOMA systems is a strictly quasi-concave function, it is
difficult to apply the convex optimization directly by
adopting the improved particle swarm optimization (PSO)
algorithm. Furthermore, in order to avoid the premature
convergence, cycle strategy rotation is used in the algorithm
12 To find the maximum EE point and the respective
power distribution among the users for a certain circuitry
power consumption, present the fairness index, discuss the
solution for the ratio of power optimization problem,
possible to optimize the total power for the same rate
maximum fairness among all users. We used the techniques
of SQP, which presents fast convergence feature 11,

The System method

In addition to the central cell, there are six surrounding cells
arranged in a circular arrangement. As indicated in Fig. 1,
each cell has one BS. In the middle compartment, BS relays
the signal to n user, where n = 1. ..., N. Furthermore, all
devices (BS and users) have one antenna. The BS divides
the available bandwidth into smaller subchannels Sy, where
k =1, ., K, and the bandwidth of every Sy is expressed by
Bk = B/K, and B is the overall system bandwidth. We
assume that the BS is aware of the Channel State
Information (CSl), the BS assigns power to users in the cell
based on their CSI via power allocation algorithms. In
NOMA system, multiple users can receive the BS signal
across various Sk. Since numerous users are multiplexed on
the same Sy, inter and intra interference in the NOMA
system is high. As a result, the system cannot reach the
optimum performance of NOMA simultaneously for all
users.

We believe that the gain of each CSI is constant within each
time slot. On Sy, CSI coefficient between the user n and the
BS is denoted by gkn.. We assume that M are multiplexed
users per Si. The base station’s k signal is expressed as
follows.

U = YneN+/ Xken Pkn Sn @)

where the binary-variable xxn, represents whether Sy is
allocated to each user n, and the variable px, represents the
power allocated to the user n on Sy, s, is the modulated-
symbol, and the expected value of Energy symbol is
expressed by E[|sn|?] = 1. The received signal y at user n and
Sk can be written as.

Yien = Gk vl\x'l Xiem Pien Sn t § Gin v Xikn Pikn Sn

nENnfn

6
+20:12n°ENgk,n° A Xien® Prno + Wk n )

Where n' refer to all the involved users in cell except the
intended n, o refer to the other BS, win(0, 6°) is the additive
white Gaussian noise (AWGN) with zero average, and o2 is
the noise variance.
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Fig 1: Multi-camera alignment

To demodulate the target message, each user M; adopts SIC
after receiving the superposed signals. In general, the users
with higher channel gains are allocated with low power
levels, and their signals can be recovered after all users with
higher power levels (low channel gain) are recovered in the
SIC decoding, while the users with lower channel gains
have larger power assignment levels and their signals are
recovered by treating the users’ signals with lower power
levels as the noise in the SIC decoding Y. The decoding
order described above guarantees that the upper bound on
the capacity region can be reached [*4 191 i.e., the capacity
Ry of user over S, within one time slot is given by.

2
_ Xk.n Pk,jlox,j
Rk'.}- - Bk Io'gz (1 + 'L‘l-’klj'ffklj‘ffg ) (3)

Where Iy is the inter-interference that user M; receives from
other users in Sk and it can be described as follows.

2
_ vM
Ij = Ziz1:g, ;e gujwr ki Pri |<gk,j| (4)

While 1,° represents the intra-interference that produced
from the other neighboring BSs on the central cell users at
Sk, which can be expressed as follows:

2
I = Zg:lziﬂemlﬂk,iﬂl Pr,i° (5)

Note that SIC performed at the user receiver that may cause
considerable complexity O® [, To have a better
understanding of the model, we will discuss NOMA model
with power and frequency allocation for total rate, and then
power allocation for energy spectral efficiency tradeoff.

A: Power and frequency allocation for total rate

We will assume that the range of My is M; < My < M u,
where M; and M, are the lower and upper bounds of the
multiplexed-user per Sx. The objective problem is

formulated to maximize the total data-rate overall system
bandwidth as follows.

2
N ! Xg Kn .( ¥
Maxy, .. 2 2 By log, | 14 ‘.f"p“ lh‘“h
e I + lkn + O

KEK nEN kn

s.t: Cl: Z Xen Pen =Pk VEK
neM

C2: YnenXkek Xkn Pren = D: 6)
C3:M; = Mg = My

C4R, >R, inVNEN

C5:x,, €(0,1)VkEK nEN

Where Py is the maximum Sy transmitted power, P; is the
overall transmitted power of the BS, and Rmin is the required
minimum rate for each user. Due to the power transmitted
by the BS and the power allocation for each S is limited,
the power allocation variable py, Must satisfy the
constraints C1 and C2, which ensures that Sy transmitted
power is less than Py, and the total transmitted BS power is
lower than P.

B: Power Allocation for Energy-Spectral Efficiency
Tradeoff

The problem of energy efficiency (EE) and spectral
efficiency (SE) tradeoff can be formulated by maximizing
the global EE (GEE) subject to constraints on minimum rate
requirements and transmit power budgets. Accordingly, the
following optimization problem is considered for the EE-SE
tradeoff (6],

max, q = Zﬂrzl R,()/ p: (p)
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Where Rnmin denotes the minimum required rate of the user n
and the unit of q is bits/Joule/Hz. The above optimization
problem is non-convex and NP-Hard, it is therefore difficult
to get the solution in polynomial time.

Rate Residue Elimination Method (RRE)

The major problem of power and frequency allocations lies
in system compu-tation complexity. As such, we propose a
Rate Residue Elimination (RRE) in two steps. In the first
step, the propose method handle the subchannels chal-lenge.
The second step finds the optimum power. The third step
calculate the frequency allocation based on rate and power
of each user-subchannel set.

NOMA Subchannel extension

To remove the constraints C1 in Eq. 7, we utilize the penalty
method [61. How-ever, this method is designed to handle
single channel in NOMA system, and limits the
performance of NOMA system. Furthermore, this method
increases the complexity of SIC decoding. Therefore, we
modify the original method to handle more than one
subchannel, namely hybrid NOMA, we explain the
mathematical formulation as follows.

The target of this step, is to optimize pkn, wWhich can be
regarded as a search agent. At the iteration 1, the transmit
power p(1) for each user-subchannel set can be updated by
an optimization algorithm. Let us consider the total power
consumption P; from BS to the user-subchannel set includes
two main parts: px which is the transmit power consumption
per Sk, and p% which is the circuit power consumption per
Sk, and it can be consider as constant value. We express Py
as follows:

K
Pep) = Zpk + (pk *K)
i=1

(8)
Where pk is calculated as follow:
N
P = Z Xen Pren Vhk EK
n=1 9)
The sum rate of n users per Sk is expressed as follows:
N
Re@) =) Ren () VEk €K
n=1 (10)
In addition, the total rate Rt is expressed as follows:
K
R, =) Re (@
k=1 (11)

http://www.computersciencejournals.com/ijcit

The final cost function, which is a minimization problem,
which relates to rate, and power subchannels can be
described as follows:

N
R Y
"“""?: = - ‘”‘r i Z Fy (,}'n(l")jf}l. ()
:lpl w1

(12)

Where, 4 is a constant value, and f,(p) refer to error
function between the minimum required rate and the
actual rate at 1, which can be expressed as follows:

[a®) = Rpin — Ry(p) (13)

Where R, represent the use rate over all Si, and it can be
describe as follows:

K
Ra®) =) Ren (@) Vn €N
k=1 (14)

And F, is a switch function to apply the penalty condition
as follows:

E ()= {0' fa(p) 2 0 (15)

1, otherwise

Eqg. 12, represent the final hybrid NOMA model, which
includes K subchan-nels, for each user. The first term of
Eqg. 12 describes that BS needs power to increase total
rate performance (SE), simultaneously, EE is decreases.
There-fore, we must optimize the transmitted power p to
provide a tradeoff between EE and SE. The second term
add a penalty to the cost function in case of Ry < Rmin. AS
such, we employ GWO to find the optimum p=* that
minimize problem of g. It should be noted that since the
model is Hybrid NOMA, we will assume that xx, = 1 017,
As a result, the efficiency of search algorithm will be
improved significantly in term of accuracy and speed.

Subchannel Allocation
When the outcome of the GWO optimization process
obtained the final power for each user-subchannel set
P*kn, two issues will rise. Due to the exists of low
channel gain in user-subchannel set, there are some users
will be assigned with power greater than the allowed
threshold pr n. The second issue is raised from user-
subchannel set rate where it is less than threshold rate R+
n. Therefore, we propose user-subchannel allocation
algorithm to handle the above challenges as follows:

Pkn' _ {U- Pen” > PTh (16)

kmn 1, otherwise

Where fi, is the user-subchannel allocation set based on
power allocation set. By using the above solution, the
total consuming power will be reduced, which leads to
increase EE.

On the other hand, user-subchannel allocation set based
on rate fin less than Rt is computed as follows:

~09 ~
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Pin’ {0, Rin’ < RTh

o a7)

1, otherwise

This step will effect SE slightly, consequently will
improve the interference and reduces the SIC decoding
complexity.

Finally, user-subchannel allocation set xxn can be
obtained by point to point multiplication as describe
below:

Rk,r:
kn

= _ pPkn !

= fin (18)

Xin
After the calculations of p* and x* of user-subchannel
set, we will evaluate model to obtain Ry, EE-SE, P«(p), pk,
and the value of user rate { which is less than Rmin and
can be expressed as follows:

§=-2hHL{ vhL{ <0f,(p)

(19)

http://www.computersciencejournals.com/ijcit

Result and Discussion

The important result is to know which algorithm is best
for the environment according to the size of the network.
The results will be divided into multiple stages. First,
each algorithm will be discussed according to the
network’s required specifications and requirements. Four
parameters are relied upon to know whether the
algorithm is good or not power allocation, Fairness
index, Rate, energy efficiency. The results of this
research are divided for the purpose of choosing the best
algorithm based on the following parameters (power
allocation, Fairness index, Rate and energy efficiency),
and the steps are divided into two stages.

Select Weighted Rate

The comparison is based on choosing the best effective
point (weighted rate) for each element in each algorithm
separately. The comparison is also for three networks
(4*2, 6*3 and 8*4) to find the best point for each
network for the same algorithm and parameters.

First, we review the results of the (GA) algorithm for all
the selected parameters as in the following Fig. 2.

GA 422

OA )

Tolnl Powe!

OA4x2

GA-had

Total Rate

Fivring Focios

M el
GAa

*—o—=a

Fig 2: Select Weighted Rate with GA algorithm.

Secondly, we review the results of the (GWO) algorithm for all the selected parameters as in the following Fig. 2.
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Finally, we review the results of the (WOA\) algorithm for all the selected parameters as in the below Fig. 4.
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Fig 4: Select Weighted Rate with WOA algorithm

measured against it.

After choosing the best point, all factors for each algorithm

are based on the chosen point

Desired Rate with total power

In this step, we take the network sizes (2*4, 3*6 and 4*8) to
find out which algorithm is best in terms of the factors

The results of all algorithms with the total Power parameter
as shown in the following results.

10
GA-4x2
GA-6x3
8l GA-8x4
€ GWO-4x2
—&— GWO-6x3
§ g | |—&—GwWo-8x4
3 £ WOA-4x2
a. @ WOA-6x3
8 4 | =8 —WOA-8x4
'._.
2"
0O o e - & —————- 4’&5
0 0.5 1 1.6 2 25 3 3.6 4 4.5 5
Desired Rate

Fig 5: Desired Rate with Total power in GA, GWO and WOA Algorithms.
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As we explained previously, the requirements for an ideal
network are to have less power and higher productivity.
From the fig. 5, it is clear that the GWO algorithm is much
better when using a technique using an algorithm that
consumes less power compared to the mentioned

http://www.computersciencejournals.com/ijcit

algorithms.

Desired Rate with Fairing factor
The results of all algorithms with the Fairing factor
parameter as shown in the following results.

2 -
GA-4x2
GA-6x3
GA-8x4
15| |—e—ocwo4x2
. —&— GWO-6x3
.g —E&— GWO-8x4
L(E ——&— WOA-4x2
o 1F —2— WOA-6x3
£ —&— WOA-8x4
©
L

0.5
o—a—9

g — e B=—A = — —
o=0—8 &=—8 —
o o5 1 15 2 25 3 35 4 45 5

Desired Rate

Fig 6: Desired Rate with Fairing factor in GA, GWO and WOA Algorithms

As we explained previously, the closer this factor is to zero,
the better the network will be with equal distribution among
users. The fig. 6, shows the closeness of the fairness of the
distribution of values between the algorithm (GWO) and
(WOA), and this indicates the quality of the chosen

algorithms and their productivity at work.

Desired Rate with Total Rate
The results of all algorithms with the Total Rate parameter
as shown in the following results.

100
GA-4x2
90 GA-6x3
GA-8x4
80+ —8— GWO0-4x2
—&— GWO-6x3
o 704 —S— GWO-8x4
g <= —8— WOA-4x2
o —&— WOA-6x3
° | —&— WOA-8x4
}_ £
40
30 +
& E
20 —— 5
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Desired Rate

Fig 7: Desired Rate with Total Rate in GA, GWO and WOA Algorithms

From the fig. 7, it is clear that the algorithms that had high
power, this factor results in a higher productivity for the
algorithm itself (GA), and therefore this has a negative
effect because it consumes high power. Therefore, the best
rate of productivity must be taken compared to good power.
So the comparison between the algorithms (GWO and
WOA) is based on the network sizes and it is the superior
GWO algorithm.

Desired Rate with Energy efficiency: The results of all

algorithms with the Energy efficiency parameter as shown
in the following results. This factor is considered the most
important in this research because it measures the efficiency
of the algorithm.

The evidence is clear, according to the fig. 5 below,
showing that competition continues between algorithms to
prove efficiency at the best point at which algorithmic
techniques work. Therefore, the (GWO) algorithm
outperforms the other algorithms for all network sizes.
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Conclusion 4. Dail,Wang B, Yuan Y, Han S, Chih-Lin I, Wang Z, et

We have modeled and examined the dynamic power
allocation for Hybrid NOMA issue in this article. For every
coordinating BS, a low-cost distributed power optimization
technique has been suggested due to the high computational 5.
complexity of the suggested joint power optimization
methodology. The ideal distribution of power under the
distributed method, the solutions at each coordinating BS

are separate from those at the other coordinating BSs.
Additionally, we have determined the prerequisites that 6.
must be met for the distributed power optimization solution

to be accepted as a workable solution for the joint power
optimization issue. Therefore, the results were divided into 7.
two steps. Step 1, the best point (Weighted Rate) for each
algorithm was determined according to each element (Total
Power, Fairing Index, Total Rate and Energy Efficiency),

and three network sizes(2*4, 3*6 and 4*8) were taken,
knowing the algorithms to which the technique was applied 8.
are (GA, GWO and WOA) optimization algorithms. Step2,

After choosing the best point, all factors for each algorithm

are based on the chosen point, in this step, we take the
network sizes (2*4, 3*6 and 4*8) to find out which
algorithm is best in terms of the factors measured against it. 9.
So the comparison between the algorithms (GA, GWO and
WOA) depends on the network sizes and the surrounding
environment.

Therefore, to apply an ideal network for 5G hybrid MOMA
must be apply a technique to the GWO algorithm because it
contains fair distribution (J) between users, less power
consumption (P), and higher productivity (R), so it contains
high energy efficiency (E) when used.
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