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ABSTRACT

Cellular wireless networks have greater speed, capacity and lower latency, as a result after the
launch of 5G networks. device — to — device (D2D) communication technology and femtocell
Networks have been introduced into cellular networks to form a three-layer heterogeneous
network (HetNet). We are now working on creating networks that ensure the aggregation
femtocell and D2D networks into heterogeneous networks. It has received significant attention
due to the knowledge that it has the potential to increase the capacity of next generation networks
as well as improve the spectral performance and energy efficiency of these networks. Utilization
of cellular channels and improved network throughput are benefits that come as a result of the
connection between the use of femtocells and D2D. This component is tasked with optimizing
the network performance of CUE, DUE, and FUE, while also complying with the constraints
imposed by quality of service (QoS) standards. This document presents a comprehensive solution
to address the above problem, with a special focus on improving the overall data transfer rate of
the cellular network system. The proposed approach includes several algorithms, including joint
channel selection, energy regulation, and resource allocation. Together, these measures aim to
improve the network’s performance and improve its data transfer capabilities. Simulation results
show that the proposed algorithm has the potential to minimize computational complexity while
improving system throughput when compared to existing systems.

KEYWORDS: Cellular User Equipment (CUE), Device User Equipment (DUES), Femtocell
User Equipment (FUE), Device-to-Device (D2D); resource allocation; spatial spectrum reuse;
LTE-Advanced; ; Macro Base Station (MBS); Femto Base Station (FBS)
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1. INTRODUCTION

In a 5G network, D2D communication allows for direct connection between devices
without the need for an intermediate node. This improves cell coverage and radio frequency reuse.
D2D communication is a key component of 5G vehicle — to — everything (V2X) connectivity, a
crucial technology for autonomous driving. However, D2D communication in a 4G network poses
security challenges such as impersonation, eavesdropping, privacy probing, and free-riding attacks.
As IoT technology advances with 5G networks in Massive Machine-Type Communications
(mMTC) and Ultra — Reliable and Low Latency Communications (URLLC) applications, security
challenges become more critical and difficult to address due to the limited resources of IoT devices
[1-4].

With the rapid growth of mobile combination software and the proliferation of mobile
communications applications, the demand for spectrum capacity in system networks develops, as
does traditional D2D communications. This allows mobile devices to be close enough for direct
communication without passing through a BS controlled by the cellular system, and is an essential
learning for future wireless communications networks. It has a significant impact on
reducing base station load, enhancing system throughput, improving bandwidth performance,
and minimizing transmission delay. Furthermore, due to D2D communication's spatial
limitations and channel link quality , sharing spectrum resources with cellular users can
significantly improve DZ2D communication quality , minimize interference , and
increase network throughput [5-7].

Cellular network design faces a number of challenges, including insufficient coverage for
clients within the network's range, ineffective resource optimization, and low data rates. These
issues would render the cellular network unable to meet the demands of mobile phone customers.
Home base stations, or femtocells, are an efficient solution for interior coverage concerns because
it allows mobile phone users to connect to the cellular network using femtocells. Moreover, as more
mobile phone customers use femtocells, the spectrum efficiency improves. The connection between
femtocells and the core network of mobile cellular users helps the cell enable lower power
consumption, higher data rates, and less cross-talk to mobile consumers [8].

femtocells are home base stations designed to boost cellular network capacity by linking
cellular users who live distant from MBS to the network's nearest FBS [9]. As a result, users of
femtocells will see faster data rates and improved indoor coverage. However, because resources
must be provided to both macro and femto users, femtocell integration into the macrocell network
will alter the fundamentals of the cellular network configuration. Furthermore, in femto-macrocell
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designs, the two-tier network—the macro layer and the femto layer—causes significant
interference since so many nodes operate in the same frequency band. In HetNets, resource
allocation for D2D communications was investigated in [10-16].

Interference management for D2D communications in HetNet was first proposed in [10]
where the technique of adjusting the process of managing interference in the D2D communication
channel while still meeting QoS standards is presented. To improve system throughput, [11]
present an algorithm for heuristic resource allocation for HetNets, which consist of both D2D
connections, macrocells, and microcells. [12] have proposed cooperative mode selection and power
control in HetNets cellular networks with D2D enabled.

To ascertain each effective cellular user's interference-limited area, the authors conducted
research [15] simulates femtocells as selfish nodes using a non-cooperative game and the
Stackelberg game, where the MBS prices subchannels to defend itself. By using the same
frequency, users of macrocells and femtocells should experience less disruption, according to the
scientists.

To ascertain the strategic methods used for transmission by D2D users and cellular users,
who are followers who must access a private channel, cellular users who act as leaders own the
channel. [17] propose models and algorithms for resource allocation in D2D communications. In
this study, we will examine how to use efficient resource allocation technology for D2D
communications and femtocells and their presence in heterogeneous networks through cellular
networks. Recommending the use of D2D communications and femtocells as they both hold
promise for increasing the capacity of cellular infrastructure. We propose to create an algorithm
for efficient resource allocation so that D2D connections and femtocells that underpin the networks
are shared to achieve better use of cellular spectrum by reducing interference. Therefore, we
recommend instituting incentives to motivate D2D communications and femtocells to cooperate,
along with a scenario in which D2D communications and femtocells live side by side with
heterogeneous networks (HetNets) to increase the overall cellular network throughput. This study
describes a solution to the optimization problem while trying to maximize the total network
throughput while maintaining the quality of service (QoS) required by CUEs, DUEs, and FUEs.
We looked at both D2D communications and the femtocell layer that aggregates uplink resources
in the cellular network.

We propose a combination channel allocation, power control, and resource allocation
technique for the D2D communications underlay in HetNets because the problem is non-convex
mixed integer programming and difficult to solve directly. This is how the rest of the paper is
structured. The related work are covered in section two. The system concept and problem
formulation for a D2D underlay in HetNets are covered in Section three. The analysis of the
suggested solution is done in Section three. Simulation results and comments are included in
Section four. Section five Conclusion the article.

2. Related Work

In [19] of cellular networks researchers found that D2D communication through LTE-
Advanced network improved network performance and reduced traffic pressure on BS. D2D
communications enable spectral efficiency to be significantly improved by sharing radio resources
with cellular user equipment (CUEs). However, the resulting mutual interference may overwhelm
the benefit provided by D2D communications. The researchers in this study, in order to avoid
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interference, use a well-designed resource allocation strategy. The uplink resource allocation
problem allows multiple D2D pairs to share a resource with a single CUE while satisfying the SINR
requirement for both CUEs and admissible D2D pairs. An algorithm called Greedy Resource
Allocation (GRA) is designed to optimize the number of D2D pairs allowed by carefully selecting
a set of D2D pairs for each CUE. The simulation results show the effectiveness of the proposed
approach.

In [20], D2D communications enabled the system to increase the spectrum efficiency of
the mobile phone network system; But D2D resource allocation methods may not work effectively
in this period with 5G mobile networks with many devices connected simultaneously. To overcome
this problem, the researcher investigated the problem of allocating multiple resources for sharing,
and from here he was able to enable any user's cellular device to share its radio resources with
many D2D devices. The researcher formulates the multi-share resource allocation problem and
shows its NP — hardness. Moreover, he created the Greedy Throughput Maximization Plus
(GTM+) algorithm which reveals GTM + simulation results are better than existing algorithms in
terms of throughput and allowed D2D pairs.

In [21] the researcher advances the study of D2D communication and small cell search
techniques in heterogeneous cellular networks, leading to the creation of three-layer networks of
heterogeneous networks (HetNet). Through this network, the researcher analyzed this problem by
allocating resources to D2D users and small cell phone users (SCUEs), and he proposed a resource
allocation technique that meets the call quality requirements of total cell phone users, D2D users,
and small cell phone users. . To start, regional restrictions have been implemented for aggregate
base stations and users to reduce computing complexity. After that, he proposed a mechanism for
allocating resources that relies on interference management to enhance system productivity. The
simulation results show that the proposed strategy reduced the computational complexity while
increasing the overall throughput of the system.

3. System Model

Within the scope of this research, we investigate the upper layer (UL) of a multilevel SC-
FDMA-based HetNet network. In this scenario, we are going to assume that a single large-cell
wireless network is composed of many femtocell cells. As can be seen in figure (1), femtocell cells
as well as a D2D are dispersed across the HetNet. Assume that there is a set of N cellular users
CUE, a set of M pairings D2D DUE, and a set of K femtocells, each of which is supplied by the
equations C={i=1,2,....,n} ,D={j= 1,2,,.....m}and F={f=1,2,,..,k} respectively. C
stands for the number of cellular users, while D stands for the number of pairings. When certain
pairs of D2D and femtocell cells correspond to the uplink with the base station as described above.
The shared channel contains a significant quantity of redundant information, and it is very
uncommon for many DUEs or FBS to make use of the same channel. To prevent interference
between CUEs operating on the same frequency inside the same cell, a method known as
orthogonal frequency division multiple access (OFDMA) is utilized. It is possible to acquire channel
status information (CSI) for each connection that is made to the base station.

Keeping in mind that there is also quick fading and slow fading owing to channel shading
between two users because of multipath propagation, this is something to keep in mind. The profits
of the linkages are denoted by the symbols  h;g, h;j; and h;y respectively. On the same channel,

there are h;p gain link lines that connect the CUE; transmitter to the eNBB, hy; link gain link
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lines that connect the CUE; to the D2D; pair receiver, and h; link gain link lines that connect the
DUE; transmitter to the FUE,. And there is a signal-to-noise loss ratio (SINR) for users on the
channel who are CUE; (&), DUE; (E}i) and FUE, (&) which is supplied by:

PCgip
£ = - - 2 f . Eq. (1)
Z-ED AP hip + 2 p TP b + of
j
Subjectto & =&
4 Pf'e);
e = Eq (2)
: ZmeDPdmhm'i+Zie ,P1 i +ZkeFﬂk'jP}f(hk'j+c%\l
PLeKF Eq. 3)

Ek = d
Zze P;hz’F+ ZiECHi,kPiC hi,F+ Zie Hj,kpj hj,F + O'ZN

There is a transmission power that is denoted by the letters P, PJd and P{. These letters
reflect the transfer power of CUE;. , DUE; and DUEy in that order. The symbol g; g denotes the
channel power gain from the cellular user equipment (CUE)denoted as CUE; to BS. Similarly,
the symbol gj;represents the channel power gain between the transmitter and receiver of the
j D2D pair. Furthermore, the channel's power gain between the kth fixed user equipment (FUE)
transmitter and the fixed base station (FBS) is represented by gy . Lastly, 0% represents the power

of the additive Gaussian white noise (AWGN).

) S v e

Interference -* Cellular é} a ’a
D2D
Data -—— D

Fig.1: System ModelofD2DCommunicationsinHetNets
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3.1. Problem Formulation

If the same CUE channel is utilized, there is the potential for reciprocal interference between
numerous DUEs and multiple FUEs. Because of this, one of our primary objectives is to increase
the entire system throughput while simultaneously having the highest possible transmission
capacity and the lowest possible SINR limitations. It is feasible for DUEs or FUEs to reuse the
resources of about one sub channel, depending on the type of device they are. The objective
function and constraints of this optimization problem may be represented as follows, in accordance
with the formula proposed by Shannon:

max fRoverall = ZieC[logZ (1 + flc) + ZiEc logz (1 +€lc) +

Hi,jvﬂi,j JHi,j ,PiC,PJd,Pk
> log, (1+¢/)] Ea @)
lEC

Subject to
Szzc = Szic.min
§§ 2 &imin
S(zc = S(ic,min

ZHU <1 4;,;¢{01}, ¥jeD
i

Eﬂi'k < 1, Hi,k 6{0,1}, vkeF
i

< pf

— 1

0<pf

o<p/

Piax ¥i€eC
Piax Y j€D
PSox Y keF

IAIA

IA

Wherever fl;; (or ;) represents the channel reuse event for CUE; and DUE;, f;; =1
(or fljx = 1) indicates that DUE; reuses the CUE; channel (or that the In the event that this is not
the case, Wherever f;; = f;x = 0 will be the result The requirements for the level of service
quality that are imposed by SINR of all CUE;, DUE; and FUEj are illustrated by the restrictions
of the SINR is greater than the minimum SINR requirements of both DUE;, respectively.

Both constraint f;; and f; constraint ensure that a DUEs or FUEs may only employ a
single resource that is already available in the CUE. This is the case since both constraints are
mutually exclusive. The limitations constraints P, P]-d , and Plf respectively, ensure that the
transmission powers of CUE;, DUE; and FUE are consistently maintained at levels that are

substantially below the maximum limits.

3.2. Proposed Solution

Consequently, the co-optimization issue in Equation (4) This difficult NP combinatorial
problem, which is part of the class of problems known as convex optimization problems Mixed-
integer nonlinear programming (MINLP), is unsolvable. As the problem gets bigger, the
computations required to answer it will get harder and harder. Choosing the right channel and
managing the power and resource distribution techniques are the first two steps in addressing this
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problem, which can be divided into two phases to achieve a compromise between complexity and
usability. Subheadings that go into greater detail are found below.

As a result, the problem of co-optimization found in Equation (4) This is a challenging NP
combinatorial problem that does not have any viable solutions and belongs to the class of issues
known as convex optimization problems mixed-integer nonlinear programming (MINLP). The
difficulty of the computations necessary to solve the problem will increase exponentially as its size
grows. It is possible to tackle this issue by breaking it down into two steps, the first of which
involves selecting the channel, and the second of which involves controlling the power and resource
distribution mechanisms in order to strike a healthy balance between ease of use and level of
complexity. The following subsections feature topics that are more in depth.

3.3. Channels Selection

The CUE; subchannel is allocated to increase the overall uplink throughput of the
network and this is the main goal, we choose a sub-channel that provides CUE], DUE]-, and

FUE, the largest possible data rate of the system [22]. This sub channel is comprised of CUE;,
DUE; and FUEj. A greater signal-to-interference ratio is needed to improve the efficiency of

cellular and D2D users. Allow x]-i, yf( to determine the permutations and variations of the joint
channel gain element for DUE; and FUE on the i" channel [18, 23, 24]. These combinations

are correspondingly stated as follows:

i _ hip* hjj

Xj=m vieC&vjeD Eq. (5)

i _ hip* hir :

=———— ¥wi€eC&VEk €eF Eq. (6
Yk hir* hip e (©)

The upper limit of interference for a CUE; at BS can be calculated by taking into account
the fixed SINR constraint, the known channel g;g and the permissible transmit powers P]-d.
Because of the set SINR limitation, and in conjunction with the known channel g;g, and abilities
of forgiveness in transmission PY, the interference threshold that can be reached for a CUE; at

BS B may also be interpreted as:

i pfgi.
10 o= HEE_ g% Eq. (7)

Fig.2.b. llustration of the useful path loss links represented by the nbroken line (g1 and
g2) and the broken line represent interference path loss links (g3 and g4) in a cell that form the
inputs of the heuristic MS algorithm under study.
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Fig.2.a. System Model for the Distributed CSI-based Mode Selection [22]

3.4. Optimal Power Allocation

The channel selection technique for specified DUE transmission powers, which was
discussed previously. A power control strategy is required in order to meet the minimal SINR limits
imposed on CUEs and DUEs, as well as to allow for the bundling of additional D2D pairs inside
each subchannel. The best distribution of power would look something like this:

* . 7é'(?min
B = min [Pda 2250 | Eq. (8)
]
As can be seen in equation (8), the power of the D2D transmission is capped by P3.,,
CUEs, on the other hand, transmit at a constant power level without taking part in power control..

3.5. Joint Resource and Power Allocation

The proposed solution is executed using a two-phase algorithm. The algorithm's initial
phase identifies a probable set of channels that each DUE and FUE can reuse. In the suggested
algorithm's integrated power control and resource allocation phase, we offered a method for
assigning and allocating power resources to each DUE on each channel. We maximize the resource
coupling relationship between CUEs, DUEs, and FUEs by assuming all constraints are satisfied.
The first phase of the algorithm covers the procedure for selecting candidate channels. A proposed
approach is used to choose a candidate set of CUE channels that both DUE and FUE can use
initially. This can be accomplished by generating a candidate set of CUE channels.

In the first stage of the proposed algorithm, the interference from the DUE units to the

BS I].(B is evaluated, and the interference from the FUE units to BS 11(33 where the maximum

interference limits for each digital channel are at BS W

maxB and the interference from DUE units

j*" with FUE units k*"in case they share the same channel number hl(llz An algorithm is utilized to
choose the candidate set of CUEs that both DUE and FUE can employ. The algorithm needs

interference assessments from DUEs to BS Ij(,g, interference values from FUEs to the BS I].(B, and
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interference thresholds for each channel with the BS I(i)

max B> and interference between DUE; and

FUE,, using the same channel i*" for both devices is hl(llz
first phase algorithm channel selection
input: C;the set of active CUESs,

D; the set of DUEs,and

F;the set of FBSs
Output E]‘:‘k ,Dﬁi) , Tr(i) from first phase andinput to second phase
g,=0 2P =0,F"=9 vec

MO

max,B

1: Initialization :

2: forallieC do
3 for all jeED do & k €F

4 calculate {x]l:} from eq.5

5: calculate {y.} from eq.6

6: whilex #@ & y # @ do

7 select j™ DUE that the highest x| in x

8 select k" FBS that the highest y\ iny

9 If(ZjED )/j('g < y,(,izlx,B then Dﬁl) —

//y,(nizlx,B max interference threshold that can be reached for CUE;at BS//
// where y]-(’iB) interference gain from DUE; on channel i to BS B
10: end if
11: If Xken yj(,g < I,%LX_B then F¥ < k
//where Vlg,i; interference gain from FUE, on channelito BS//
12: end if

13: x « x \x,, //remove the x} from the vector x //

14: y < vy \y. // remove the y} from the vector y //

15: end while

16: end for

17 for jeD® & k € FP do

18: calculate h](l,z by using

190 if (B2 < hY) then set&l, = &, Ui

20: else

21: Dﬁi) « Dﬁi) \j, /remove j'" DUE from the set Dﬁi)/
22: Tr(i) « Tr(i) \k, /remove k'™ FUE from the set Tr(i)/
23: end if

24: end for step 21

25: end for

Second phase : Joint Resource and Power Allocation

Input E]‘:'k ,Dﬁi) , ?r(i) from first phase and input to second phase
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Output Hi,j’ Hi,k' Hj,k
constraints for show staisfying the users CUE; (&), DUEJ-(E]-d) and FUE, (&))//

1: Initialization & ,;,, Efmin& E,’:'min

//(SINR) for users on the channel who are CUE; (&), DUE; (E]-d) and FUE, (&0)//
2: forV DUE; € Ddo
3: calculate (de*) using eq. (16)
4: end for
5: for V CUE; € do
6: forv DUE; € DY and V FUE, € F do
7: calculate Ef, E?& E£ according to formula 1,2 &3
8: if (¢ = Ejmin)& ( = Ej{min)then set fl; ;=1

9:  elseif (& 2 &min)& (& 2 Gmin)then set set ;1

10: elseif ( E? = Ej'i,min)& ( Ei = Ei,min)then set H]'rk= Hk,j:l
11: end if

12: end for

13: end for

14: V DUE; has fl;; = 1,and V FUEy has l;, = 1will reuse it" channel

4.Simulation Parameter & Results

Our simulation parameters are illustrated in Tablel.

Table 1 Simulation Parameters

Parameter Value
Bandwidth 5 MHz
Channel bandwidth 180 kHz
Macro cell radius 500 m
Femto cell radius 50m
D2D cluster radius 20—120m
Noise power —114 dBm
Power of transmission max, for CUE 24 dBm
Power of transmission max. for DUE 24 dBm
Power of transmission max. for FUE 10 dBm
SINR req. for CUEs DUEs,FUEs 0— 20dB
Path Loss Exponent p 4
Simulation type MATLAB

4.1.Simulation Results

Fig.3 shows the increase in the total number of DUEs versus the increase of CUEs and
small cell FUEs when the radius between D2D cell pairs is about 60 m. The graph unambiguously
shows that the performance of this proposed solution is better when the number of DUE pairs and
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CUEs is increased, because the result is increased system throughput. This is due to the extensive
reuse of spectrum resources in our proposed technique.

80
£ 70 B
R 60
5 50
.g' 40
%n 30
o
o 20 -~
= 10 -
O .
2 D2D 4D2D 6 D2D 8D2D 10 D2D
pairs pairs pairs pairs pairs
5 CUE+ 3 FUE 18 22 28 35 42
10 CUE + 3 FUE 24 28 36 48 54
15 CUE + 5 FUE 32 38 48 58 67
20 CUE +5 FUE 38 47 57 66 74

Fig. 3 depicts the relationship between system throughput and the number of D2D and
number of CUEs

The performance of the proposed algorithm for CUEs and DUEs under different minimum
SINR requirements is shown in Figs. 4 and 5, which leads to higher access rate and system
throughput with lower SINR requirements. This is due to decreased SINR requirements for users,
which increases the maximum permitted interference for CUEs. As a result, more DUEs and FUEs
will be accepted and share channels with CUEs, increasing the access rate and D2D throughput.

120%
100%
3 0
1 80%
(a4
g 60%
(]
o 40%
(o]
<
20%
0%
20m 40 m 60m 80 m 100 m 120 m
E SINR =20dB 71% 56% 41% 30% 22% 17%
mSINR=15dB 85% 69% 53% 42% 33% 27%
mSINR=10dB 96% 81% 66% 53% 2% 35%

160

Fig. 4: Access rate in comparison to D2D radius whenever the SINR criteria are altered

JAUES, 19, 72, 2024




BEYOND FIFTH GENERATION (5G) NETWORKS AND BETTER PERFORMANCE EXPECTATIONS FOR CELLULAR
WIRELESS NETWORKS

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

system throughput

20m 40m 60m 80m 100m 120m
m SINR =10 0.95 0.85 0.65 0.53 0.42 0.37

mSINR=15| 0.87 0.69 0.54 0.42 0.32 0.27
m SINR =20 0.69 0.56 0.42 0.31 0.23 0.17

Fig. 5: Changing the SINR parameters changes the relationship between the system
throughput gain and the D2D radius

Fig. 6 depicts the system throughput increase for varied D2D group radius versus
maximum transmit power. It has been noticed that as maximum transmit power falls, so does total
throughput performance. In fact, as PS,, & PY., increase, The system throughput gradually
increases as the achievable rate of CUEs and DUEs increases, resulting in an overall improvement
in system throughput, and if the distance between both DUE — TX and DUE — RX increases, the
degradation becomes rapid until it reaches the maximum distance.

120%

100%

80%

60%

Access Rate

40%

20%

0% -
20m 40m 60m 80m 100m 120m

B Max Power (21)| 88% 71% 58% 47% 38% 32%
B Max Power (24)| 96% 80% 65% 52% 43% 35%

Fig. 6 Access rate in comparison to D2D radius whenever Max Power 21dBm and 24 dBm

The effectiveness of the proposed method was evaluated and then compared with the
heuristic algorithm that was previously presented in [21], as well as the (GTM+) algorithm that
was previously presented in [20], as well as the. random search method regarding the increase in
the total amount of productivity produced by the system. This is the number of DUE pairs accepted
for RB reuse. The distance between the transmitter and the DUE receiver is fixed at a specific value
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where dtg rx = 30 m for all DUE pairs. Related to this, DUEs and CUEs were randomly placed in
the cell. The number of CUE/RB is set to 10 while the number of DUE pairs is initially set to 20
with an increment step of 20 DUE pairs up to 200 DUE pairs.

140 Average Number of[Reuse DUE Pajr
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| |
11
dai
LIEIEE]

20 | 40 60 | 80 | 100 | 120 | 140 | 160 | 180 | 200
M Proposed Algorithm | 20 37 55 66 82 96 | 103 | 114 | 118 | 126

H Heuristic Algorithm 17 32 41 | 49 56 67 69 71 73 76
GTM+ 15 29 37 | 45 52 59 61 65 68 71
Random Algorithm 14 22 29 33 37 39 41 42 43 44

0

Fig. 7 depicts the relationship between system throughput gain and D2D radius when the SINR
=10 dB, 20 CUEs 20, 10 DUEs, and5 FBSs.

To ensure fairness, during this simulation phase, the transmission power of each DUE is set
to 10 dBm for algorithms that do not require power regulation, such as Heuristic and GTM+
algorithms. The proposed technique, which includes power management, enables DUEs to send
power ranging from (0 — 23,Pmax = 23 dBm), with the actual transmit power regulated by

power control. The SINR objectives for DUEs and CUEs were set to y;gt = 12 dB and yzgt = 15

dB. To demonstrate the true average performance, as in the previous simulation phase, this
simulation was run and the average results plotted, as shown in Figs. 7,8,9.

Figure 7 shows the average number of DUE pairs accepted for cellular RB reuse versus the
total number of DUE pairs in the proposed, heuristic and GT M+ network. As shown, the proposed
algorithm had the highest number of DUE pairs among the three algorithms, followed by the
heuristic algorithm and the GT M+ algorithm. The heuristic approach achieved its peak of 40 DUE
pairs allowed very early, when the total number of DUE pairs was 120. It also achieved an
acceptance threshold of 70 DUE pairs when the network had 160 total DUE pairs. On the other
hand, the values of the proposed algorithm increased when the total number of DUE pairs exceeded
200. In the case of the proposed algorithm, the total number of DUE pairs allowed to be reused
with 10 CUE's reached 125 out of 200 in the network.

Figure 8 displays the overall average throughput of the system achieved with different
numbers of DUE pairs for the network of the proposed algorithm, the heuristic algorithm, and the
GTM+ algorithm. According to the figure, we find that the proposed algorithm has the highest
performance in productivity, followed by the Heuristic algorithm and then the GT M+ algorithm.
As the system throughput of the GT M+ algorithm approaches its maximum at N = 120, it achieved
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a throughput of about 400 bps/Hz. At N = 160 the heuristic algorithm also reached a limit of about
500 bps/Hz. The overall system throughput in the proposed algorithm reached 680 bits/Hz at N =
200.

Figure 9 shows the average energy efficiency versus the total number of DUE pairs in the
network using the proposed, heuristic, and GTM+ algorithms. Whereas, the energy efficiency
values in Heuristic and GTM+ reached their limits when the total number of DUE pairs in the
network reached 120 and 160, respectively, while in the case of the proposed algorithm it continues
to increase.

In  conclusion, based on the three performance criteria  mentioned
above, the Proposed algorithm outperforms the Heuristic and GTM + algorithms, with GTM +
providing the poorest performance of the three. The proposed method is considered the best in
performance due to finding distinct methods that can control power. Accordingly, the proposed
algorithm was able to accept a relatively large number of DUE pairs out of the total number of the
network. Power control methods have been used to reduce the interference imposed on the CUE
by DUE's sharing an RB so as to reduce mutual interference between DUE's sharing the same RB
in group reuse. As a result, the proposed algorithm produced higher throughput while utilizing less
transmit power, yielding a more power-efficient network than competing techniques.

800

Averag(% System Throughput (bps/Hz)
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300 —— i
200 P F ¥
w0 § ¥

0 -
20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 200

M Proposed Algorithm | 232 | 316 | 376 | 457 | 514 | 567 | 584 | 644 | 656 | 686
W Heuristic Algorithm | 231 | 311 | 347 | 392 | 427 | 459 | 482 | 503 | 508 | 518
GTM+ 230 | 289 | 323 | 366 | 383 | 403 | 436 | 441 | 447 | 449
Random Algorithm 230 | 276 | 303 | 318 | 342 | 352 | 353 | 355 | 356 | 357

Fig. 8. System Throughput
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Heuristic Algorithm | 110 | 136 | 149 | 161 | 164 | 175 | 179 | 183 | 185 | 188
GTM+ 111 | 124 | 137 | 146 | 153 | 159 | 161 | 163 | 163 | 167
Random Algorithm 113 | 123 | 132 | 141 | 144 | 146 | 147 | 149 | 149 | 151

Fig. 9. Power Efficiency

5. Conclusion

This research investigates the optimal resource allocation problem with QoS restrictions
in order to maximize and obtain the highest total throughput of cellular networks. We formulate the
problem so that we can improve the overall productivity, since it is usually a challenge to find the
optimal solution directly for a non — convex problem. We present the algorithm for dividing
the shared channel between them and how to control the power, taking into account the allocation
of communication resources with D2D devices in addition to other small cells known femtocell
represented by HetNet . Numerical simulation findings show that the suggested approach
outperforms traditional techniques in terms of throughput.
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