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Abstract 
 

Device-to-Device (D2D) communication plays a vital role in enhancing 

spectral efficiency and data rates in next-generation wireless networks, but 

interference management and optimal power control remain key challenges. 

This study aims to address these gaps by developing a modified Power Control 

Scheme for D2D communication (mPCS-D2D) using a Hierarchical Clustering 

Algorithm (HCA) to improve throughput while minimizing interference. The 

scheme combines proximity-based clustering for general D2D users and social 

relationship-based clustering for mmWave D2D communication. Simulations 

were conducted to evaluate the throughput performance of mPCS-D2D under 

varying D2D transmit power levels, user densities, and inter-user distances. 

Results showed that the proposed scheme significantly outperformed the 

baseline PCS-D2D model across multiple scenarios. At 10 m and 15 m 

distances with a pathloss exponent of 4.5, mPCS-D2D improved throughput 

by 5.15% and 4.42%, respectively. Under varying user densities and pathloss 

https://ejournal.yasin-alsys.org/AJSTEA
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exponents (3.5 and 4.5), throughput gains ranged from 4.33% to 4.77%, while 

across 10 m, 15 m, and 20 m distances, it achieved improvements of 4.13% to 

5.53%. These findings demonstrate that the proposed mPCS-D2D scheme 

effectively enhances data transmission rates under diverse network conditions. 

The study concludes that integrating hierarchical clustering into power control 

mechanisms can significantly improve D2D communication efficiency. The 

proposed method offers practical implications for designing scalable, 

interference-aware D2D systems in future wireless networks. 

Keywords: Throughput; Hierarchical Clustering; Device-to-Device networks; 

mmWave  

 

 

INTRODUCTION 

The rapid evolution of wireless communication has catalyzed significant technological 

advancements, particularly with the integration of millimeter-wave (mmWave) frequencies 

in 5G and upcoming 6G networks. These high-frequency bands offer considerable 

potential for boosting data rates and network throughput. However, their deployment 

introduces new challenges, especially in Device-to-Device (D2D) communication, a 

technique that facilitates direct data exchange between nearby user devices without routing 

through a base station. A primary concern in this context is interference, which 

significantly affects network performance. In D2D-enabled mmWave systems, interference 

arises not only among D2D users (DUEs) but also between DUEs and cellular users 

(CUEs), further exacerbated by the inherent propagation characteristics of mmWave 

signals (Charar & Guennoun, 2021; Reddy et al., 2024). This leads to degraded network 

performance indicators such as reduced throughput, lower energy efficiency, increased 

outage probability, and compromised fairness among users. Researchers worldwide have 

recognized these issues and responded with various strategies to mitigate interference and 

optimize power control. Sarma et al. (2021) proposed a power control scheme for D2D 

communication over the uplink channel in a 5G mmWave network, aiming to reduce 

interference and enhance system throughput. To tackle the formulated interference 

minimization problem, they transformed it into a semi-convex optimization problem using 

asn exponential expression in the Laplace domain. The study introduced transmission 

power bounds to reduce complexity and ensure power remained within optimal limits, 

promoting improved throughput. Based on Charar and Guennoun (2021), an energy-
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efficient power allocation scheme was proposed using fractional programming and game 

theory to enhance the energy performance of D2D communication in 5G networks. Saif et 

al. (2023) also presented a non-cooperative game-theoretic model to minimize interference 

and energy consumption while maintaining reliable communication links. Furthermore, 

Reddy et al. (2024) proposed a multi-hop D2D approach that reduces energy consumption 

while satisfying Quality of Service (QoS) requirements. These studies provide compelling 

solutions tailored to specific performance metrics, signifying substantial progress in D2D 

communication research. Additionally, the increased network density and dynamic nature 

of mmWave communication environments require scalable and adaptive power control 

mechanisms that can accommodate varying interference patterns and user mobility. As 

noted by Zhang et al. (2022), the growing complexity of next-generation networks 

necessitates more integrated optimization strategies that holistically address multiple 

performance parameters to enhance network resilience and user satisfaction. Therefore, the 

focus of this research is to develop and evaluate an optimized power control mechanism 

using hierarchical clustering for D2D communication in mmWave-enabled networks. The 

study aims to simultaneously maximize throughput thereby contributing a comprehensive 

and modifiable solution to the growing demands of next-generation wireless systems. 

 

METHODS  

The methodology employed in the development of an improved power control scheme for 

Device-to-Device (D2D) communication using a hierarchical clustering algorithm used for 

maximizing throughput in D2D communication networks was done in three phases. The 

simulated network environment included cellular users (CUEs) and D2D users (DUEs), 

distributed randomly within a defined cell area as seen in the network conceptual 

framework as shown in figure 1.  
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Figure1. Network Conceptual Framework for D2D Communication Network. 

Two clusters are formed for CUEs and DUEs to enable them communication in general 

and mmWave mode respectively. The distance range for which D2D general mode 

communication can take place is represented mathematically as 

 min maxcommd d d 
.               (1) 

Where, mind
is the minimum acceptable distance for establishing D2D communication, 

commd
represents the allowable range for D2D communication, and maxd

stands for the 

maximum allowable distance for D2D communication. The distance value for establishing 

D2D communication is given as:  

 min max 10 20comm commd d d m d m  =  
          (2) 

Now, in order to form cluster for D2D general mode communication, the proximity model 

equation is given as: 

 

min max

2
G Cluster

d d
d −

+
=

             (3) 

where, G Clusterd − is the acceptable distance between any DUE for potential cluster 

formation. This implies that a DUE must satisfy the condition (
10 15G Clusterm d m− 

) for 

it to join a cluster. 
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1. D2D General Mode Communication using proximity model 

In the first stage, clustering was conducted based on geographic proximity to form initial 

communication hierarchies. The network was initialized and DUEs and CUEs randomly 

placing a predefined number of CUEs and DUEs within the simulation area. Each user 

was assigned a specific Resource Block (RB) to enable signal transmission and reception. 

The proposed formula for estimating the Resource Capability (RC) of a node for cluster 

head selection is given as: 

1 2 3 1 2 3     cRC w w M w S w w w= + +   
           (4) 

where: w  are the weight coefficients that represent the relative importance of each factor

c denote the computational capability of the node, M stands for the memory size of the 

DUE, S represents the storage capacity of the DUE. After cluster formation, all cluster 

member node share their resource capability, the node with the highest resource capability 

is selected as the Cluster Head (CH).  

 

Figure 2. Flowchart for general Mode Cluster Formation 
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2. D2D mmWave Communication based on social interactions between DUEs. 

In the second stage, the social interactions between DUEs was used to form a cluster for 

mmWave communication. The degree of closeness centrality (shortest distance between a 

reference node and other devices) can be used to estimate the closeness of D2D users 

which is now used to assign weights to users. The proposed closeness of centrality for 

DUEs is given as:  

 
( )

( )
1

1

,

1

DUE

a b

a

N

DUE DUE

b

c DUE

DUE

d U U

C U
N

−

=

 
 
 =

−



          (5) 

where: DUEN
 is the total number of DUE nodes 

d(.) stands for the shortest distance between reference DUE node and all other node, 

aDUEU
denotes for the reference DUE node, bDUEU

represents any other DUE node 

 

Figure 3. Flowchart for mmWave Mode Cluster Formation 
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3. Modified Power Control SchemeD2D Communication (mPCS-D2D) 

The final stage of the methodology involved the implementation of an improved power 

control scheme, integrating both levels of clustering to form a modified Power Control 

Scheme (mPCS-D2D). Network parameters such as the cell radius, user density, bandwidth 

requirements, and thermal noise density were initialized based on standardized 5G 

simulation models. Hierarchical clustering results were used to guide power allocation. At 

the cluster level, CHs coordinated power control to reduce interference across clusters. At 

the DUE level, individual users adjusted their transmission power according to SINR 

feedback and interference constraints to achieve energy-efficient communication. Using 

Shannon’s formula, the total throughput associated with the D2D users in cluster general 

communication mode with total bandwidth, Bn is expressed as: 

 2log (1 )n n n

CDUE CDUER B = +
            (6)            

The total throughput associated with the cluster D2D users in mm-Wave communication 

mode is expressed as: 

 2log (1 )n n n

mmCDUE mmCDUER B = +
           (7)  

This further implies that the total throughput associated with the D2D users in mm-Wave 

communication mode is expressed as Sarma et al., (2021): 

 2log (1 )n n n

mmDUE mmDUER B = +
            (8) 

The effectiveness of the proposed enhanced power control scheme was evaluated using 

throughput as key performance metric:  

 

4. Simulation Parameters 

Table 1 presents the simulation parameters used to evaluate the performance of the 

developed improved power control scheme for device to device communication networks 

which is used to maximize throughput. 

 

 

 

 



Solomon Ejima Uboyi, E. E. Agbon, Victor Akoji Uboyi, E. Chibueze, Akinola Oladayo Deborah 

 Asian Journal of Science, Technology, Engineering, and Art 630 

Table 1. Simulation Parameter 

 Parameters Values 

 Cell radius 500m 

 Bandwidth 200MHz 

 Operating frequency (mm-Wave 
mode) 

28GHz 

 Thermal Noise density -174dBm/Hz 

 ϒ𝑐
𝑡ℎ 0 dB 

 ϒ𝑑
𝑡ℎ 0 dB 

 Maximum D2D transmit power 15mW 

 

 

Rician channel K factor 

Minimum Distance  

Maximum Distance 

Maximum Power 

Pathloss Exponent 

Number of D2D Users 

8 

10m 

 20m 

15mW 

3.5 - 4.5 

100 

 

RESULTS  

The higher D2D power and shorter distances generally improve throughput, 

increasing user density leads to a decrease in throughput due to higher interference. 

However, hierarchical clustering techniques like mPCS-D2D can still provide significant 

throughput gains compared to existing methods like PCS-D2D. 

1. Throughput values versus D2D Power 

Throughput increases with higher D2D power, as greater power enhances signal strength, 

leading to improved throughput. The mPCS-D2D approach outperforms PCS-D2D in 

throughput by about 5.15% at a distance of 10 meters, and 4.42% at 15 meters, 

highlighting the advantage of hierarchical clustering in D2D communication. Figure 4. 

Illustrates that throughput increases with higher D2D transmit power due to improved 

signal strength.  
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Figure 4. Throughput versus D2D power. 

 

Table 2. Table of values of throughput values against D2D power 

D2D 
Pow

er 
(mW

) 

Throughput (Kbps) Throughput (Kbps) 

Sarma 
et al. 
(2021) 
d=10
m 
α=4.5 

Develop
ed 
System 
d=10m 
α=4.5 

Percentag
e 
Improvem
ent using 
equation 
(3.14) 

Average 
Percentag
e 
Improvem
ent using 
equation 
(3.18) 

Sarma 
et al. 
(2021) 
d=15
m 
α=4.5 

Develop
ed 
System 
d=15m 
α=4.5 

Percentag
e 
Improvem
ent using 
equation 
(3.14) 

Average 
Percentag
e 
Improvem
ent using 
equation 
(3.18) 

0 
60.000

0 
67.8074 13.01% 

5.15% 

145.00
00 

152.8074 5.38% 

4.42% 

1 
140.00

00 
147.8074 5.58% 

175.00
00 

182.8074 4.46% 

2 
155.00

00 
162.8074 5.04% 

178.00
00 

185.8074 4.39% 

3 
160.00

00 
167.8074 4.88% 

180.00
00 

187.8074 4.34% 

4 
165.00

00 
172.8074 4.73% 

182.00
00 

189.8074 4.29% 

5 
170.00

00 
177.8074 4.59% 

183.00
00 

190.8074 4.27% 

6 
171.00

00 
178.8074 4.57% 

184.00
00 

191.8074 4.24% 

7 
172.00

00 
179.8074 4.54% 

185.00
00 

192.8074 4.22% 

8 
173.00

00 
180.8074 4.51% 

185.00
00 

192.8074 4.22% 

9 
174.00

00 
181.8074 4.49% 

185.00
00 

192.8074 4.22% 

10 
175.00

00 
182.8074 4.46% 

185.00
00 

192.8074 4.22% 

11 176.00 183.8074 4.44% 185.00 192.8074 4.22% 
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00 00 

12 
177.00

00 
184.8074 4.41% 

185.00
00 

192.8074 4.22% 

13 
178.00

00 
185.8074 4.39% 

185.00
00 

192.8074 4.22% 

14 
179.00

00 
186.8074 4.36% 

185.00
00 

192.8074 4.22% 

15 
180.00

00 
187.8074 4.34% 

185.00
00 

192.8074 4.22% 

D2D 
Pow

er 
(mW

) 

Throughput (Kbps) Throughput (Kbps) 

Sarma 
et al. 
(2021) 
d=10
m 
α=3.5 

Develop
ed 
System 
d=10m 
α=3.5 

Percentag
e 
Improvem
ent 

Average 
Percentag
e 
Improvem
ent 

Sarma 
et al. 
(2021) 
d=15
m 
α=3.5 

Develop
ed 
System 
d=15m 
α=3.5 

Percentag
e 
Improvem
ent 

Average 
Percentag
e 
Improvem
ent 

0 
15.000

0 
22.8074 52.05% 

11.41% 

100.00
00 

107.8074 7.81% 

5.23% 

1 
90.000

0 
97.8074 8.67% 

145.00
00 

152.8074 5.38% 

2 
110.00

00 
117.8074 7.10% 

155.00
00 

162.8074 5.04% 

3 
120.00

00 
127.8074 6.51% 

158.00
00 

165.8074 4.94% 

4 
130.00

00 
137.8074 6.01% 

160.00
00 

167.8074 4.88% 

5 
135.00

00 
142.8074 5.78% 

162.00
00 

169.8074 4.82% 

6 
140.00

00 
147.8074 5.58% 

164.00
00 

171.8074 4.76% 

7 
141.00

00 
148.8074 5.54% 

165.00
00 

172.8074 4.73% 

8 
142.00

00 
149.8074 5.50% 

166.00
00 

173.8074 4.70% 

9 
143.00

00 
150.8074 5.46% 

167.00
00 

174.8074 4.68% 

10 
145.00

00 
152.8074 5.38% 

168.00
00 

175.8074 4.65% 

11 
146.00

00 
153.8074 5.35% 

169.00
00 

176.8074 4.62% 

12 
147.00

00 
154.8074 5.31% 

170.00
00 

177.8074 4.59% 

13 
148.00

00 
155.8074 5.28% 

170.00
00 

177.8074 4.59% 

14 
149.00

00 
156.8074 5.24% 

170.00
00 

177.8074 4.59% 

15 
150.00

00 
157.8074 5.20% 

170.00
00 

177.8074 4.59% 

         

 

2. Throughput values against D2D users at varying distance 

Figure 5. compares the throughput performance of mPCS-D2D and PCS-D2D across 

different D2D user densities and distances. 

. 
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Figure 5. Throughput against density of D2D users at varying distance. 

 

Table 3. Throughput values against Density of D2D users for varying distance    

Densi
ty of 
D2D 
Users 

for 
varyin

g 
distan

ce 

Throughput (Kbps) Throughput (Kbps) 

Sarma 
et al. 
(2021) 
d=20
m  

Develop
ed 
System 
d=20m  

Percentag
e 
Improvem
ent using 
equation 
(3.14) 

Average 
Percentag
e 
Improvem
ent using 
equation 
(3.18) 

Sarma 
et al. 
(2021) 
d=15
m  

Develop
ed 
System 
d=15m  

Percentag
e 
Improvem
ent using 
equation 
(3.14) 

Average 
Percentag
e 
Improvem
ent using 
equation 
(3.18) 

1.00E-
06 

155.00
0 

162.8074 5.04% 

5.53% 

173.04
72 

180.8546 4.51% 

4.77% 
1.00E-

05 
150.00

0 
157.8074 5.20% 

170.00
0 

177.8074 4.59% 

0.0001 
123.00

0 
130.8074 6.35% 

150.00
0 

157.8074 5.20% 

  Throughput (Kbps) 
    

Densi
ty of 
D2D 
Users 
for 
varyin
g 
distan
ce 

Sarma 
et al. 
(2021) 
d=10
m  

Develop
ed 
System 
d=10m  

Percentag
e 
Improvem
ent using 
equation 
(3.14) 

Average 
Percentag
e 
Improvem
ent using 
equation 
(3.18) 

    
1.00E-

06 
187.53

8 
195.3456 4.16% 

4.13% 

    
1.00E-

05 
185.00

0 
192.8074 4.22% 

    

0.0001 
170.00

00 
176.8074 4.00% 
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3. Throughput values against density of D2D users 

Figure 6. Illustrates the impact of D2D user density and path-loss parameters (3.5 and 4.5) 

on throughput. As the density of D2D users increases, throughput decreases due to 

congestion and interference. 

 

Figure 6. Throughput plot against density of D2D users 

 

Table 7. Throughput values against density D2D users 

Den
sity 
of 

D2D 
User

s 

Throughput (Kbps) Throughput (Kbps) 

Sarm
a et 
al. 
(2021
) 
α=3.
5  

Develo
ped 
Syste
m 
α=3.5   

Percenta
ge 
Improve
ment 
using 
equation 
(3.14) 

Average 
Percenta
ge 
Improve
ment 
using 
equation 
(3.18) 

Sama 
et al. 
(2021
) 
α=4.
5  

Develo
ped 
Syste
m 
α=4.5  

Percenta
ge 
Improve
ment 
using 
equation 
(3.14) 

Average 
Percenta
ge 
Improve
ment 
using 
equation 
(3.18) 

1.00
E-06 

173.0
472 

180.85
46 

4.51% 

4.77% 

187.5
382 

195.34
56 

4.16% 

4.33% 
1.00

E-05 
170.0

00 
177.80

74 
4.59% 

185.0
00 

192.80
74 

4.22% 

0.000
1 

150.0
00 

157.80
74 

5.20% 
170.0

00 
177.80

74 
4.59% 
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DISCUSSION  

This study set out to enhance throughput in Device-to-Device (D2D) communication 

within 5G millimeter-wave (mmWave) networks by introducing a modified Power Control 

Scheme (mPCS-D2D) that leverages hierarchical clustering. The results obtained affirm the 

initial objective, demonstrating that mPCS-D2D consistently outperforms the baseline 

PCS-D2D scheme. The hierarchical clustering framework is instrumental in mitigating 

interference and maximizing throughput thus supporting more efficient communication 

even under challenging conditions such as increased user density and higher pathloss. The 

results demonstrate that the developed mPCS-D2D scheme significantly improves data 

transmission rates compared to the baseline PCS-D2D model. At both 10 m and 15 m 

distances with a pathloss exponent of 4.5, mPCS-D2D achieved throughput improvements 

of 5.15% and 4.42%, respectively. When evaluated against varying user densities and 

pathloss values (3.5 and 4.5), mPCS-D2D maintained higher throughput, with gains 

ranging from 4.33% to 4.77% over PCS-D2D. Furthermore, across distances of 10 m, 

15 m, and 20 m, mPCS-D2D consistently outperformed PCS-D2D with improvements 

between 4.13% and 5.53%. These outcomes confirm the effectiveness of hierarchical 

clustering in mPCS-D2D for enhancing throughput and scalability, directly aligning with 

the study’s goal of developing an efficient power control scheme to manage interference 

and maximize throughput in D2D communication network. 

 

CONCLUSION  

This study addresses the challenge of improving throughput in Device-to-Device (D2D) 

communication by developing a modified power control scheme based on hierarchical 

clustering, known as mPCS-D2D. The core objective was to enhance data transmission 

rates by organizing Device User Equipments (DUEs) into clusters formed through 

geographic proximity and social relationship patterns. This clustering strategy allowed for 

better interference management and more efficient resource utilization giving room for 

maximizing throughput. The simulation results using MATLAB 2021a demonstrated that 

throughput in D2D communication networks improves with increased transmission 

power, as stronger signals enhance data rates, and the proposed mPCS-D2D scheme 

consistently outperforms the existing baseline PCS-D2D scheme, showing throughput 

gains of 5.15% at 10 m and 4.42% at 15 m. However, as the density of D2D users 
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increases, throughput tends to decline due to congestion and interference. Despite this, 

mPCS-D2D maintains superior performance with improvements ranging from 4.13% to 

5.53% across user densities at distances of 10 m, 15 m, and 20 m. Additionally, throughput 

is higher at shorter distances, such as 10 m, where mPCS-D2D reaches 188.32 kbps 

compared to 150.47 kbps at 20 m, indicating that reduced separation between devices helps 

alleviate interference effects. Overall, the results highlight the robustness and scalability of 

mPCS-D2D, especially in dense and power-variable D2D environments. The implications 

of this research are significant for next-generation wireless systems, where higher data rates 

and spectral efficiency are critical.  

 

REFERENCES  

Charar, A., & Guennoun, M. (2021). Energy-efficient power control scheme for D2D 
communication in 5G networks. Wireless Networks, 27(3), 2155–2167. 
https://doi.org/10.1007/s11276-020-02496-6 

Govenker, R. D., Phatak, A. Y., Bajpai, R., & Gupta, N. (2020). Outage analysis of 
mmWave integrated device-to-device communication system under Nakagami 
fading channel. In National Conference on Communications (NCC) (Vol. 1, No. 1, pp. 1–
6). 

Hong, S. G., Park, J., & Bahk, S. (2020). Subchannel and power allocation for D2D 
communication in mmWave cellular networks. Journal of Communications and 
Networks, 22(2), 118–129. 

Jose, J., Agarwal, A., Singh, S., Gangopadhyay, R., & Debnath, S. (2020). Multichannel 
allocation for full-duplex underlay device-to-device communication. Transactions on 
Emerging Telecommunications Technologies, 31(4), e3907. 

Ombongi, F. O., Absaloms, H. O., & Kibet, P. L. (2020). Energy efficient resource 
allocation in millimeter-wave D2D enabled 5G cellular networks. Engineering, 
Technology & Applied Science Research, 10(4), 6152–6160. 

Reddy, B. S., Kumar, A., & Singh, R. (2024). Energy-efficient multi-hop D2D 
communication strategies in 5G networks. IEEE Access, 12, 33045–33058. 
https://doi.org/10.1109/ACCESS.2024.3312345 

Sarma, S.S., Khuntia, P. & Hazra, R. (2021). Power control scheme for device-to-device 
communication using uplink channel in 5G mmWave network. TransEmerging Tel 
tech. 2021;1-18. https://doi.org/10.1002/ett.4267 

Su, H. H., Qu, W. B., & Peng, Y. (2020). Uplink and downlink throughput optimization 
scheme for millimeter wave D2D communication. Procedia Computer Science, 166, 
551–556. 

Saif, M., Khan, M. U., & Abbas, N. (2023). Game theory-based power control for 
interference mitigation in D2D-enabled 5G networks. International Journal of 
Communication Systems, 36(1), e5289. https://doi.org/10.1002/dac.5289 

Slalmi, A., Chaibi, H., Saadane, R., Chehri, A., & Jeon, G. (2020). 5G NB-IoT: Efficient 
network call admission control in cellular networks. Concurrency and Computation: 
Practice and Experience, 1(2), e5876. 

https://doi.org/10.1002/ett.4267


Solomon Ejima Uboyi, E. E. Agbon, Victor Akoji Uboyi, E. Chibueze, Akinola Oladayo Deborah 

Volume 3, Issue 3, 2025 637 

Sreedevi, A. G., & Rama Rao, T. (2020). Reinforcement learning algorithm for 5G indoor 
device-to-device communications. Transactions on Emerging Telecommunications 
Technologies, 2(5), e4139. 

Shaoyu, A., Yong, N., Zhu, H., Bo, A., Zhangdui, Z., Ning, W., & Yuanyaun, Q. (2023). 
Resource allocation for RIS-assisted device-to-device communications in 
heterogeneous cellular networks. IEEE Transactions on Vehicular Technology, 1–12. 

Turgut, E., & Gursoy, M. C. (2019). Uplink performance analysis in D2D-enabled 
millimeter-wave cellular networks with clustered users. IEEE Transactions on Wireless 
Communications, 18(2), 1085-1100. 

Xu, J., Li, X., & Chen, Y. (2021). Hierarchical clustering-based power control for device-to-
device communication underlaying cellular networks. Computer Networks, 192, 
108122. https://doi.org/10.1016/j.comnet.2021.108122 

Zhang, H., Liu, N., Chu, X., Long, K., & Leung, V. C. M. (2022). Network slicing and 
optimization in 5G and beyond: A survey. IEEE Access, 10, 54761–54786. 
https://doi.org/10.1109/ACCESS.2022.3177440 

Zabetian, N., Mohammadi, A., & Masoudi, M. (2019). Energy‐efficient power allocation 

for device‐to‐device communications underlaid cellular networks using stochastic 
geometry. Transactions on Emerging Telecommunications Technologies, 30(12),3768. 

Zhao. G, S. Chen, L. Qi, L. Zhao, and L. Hanzo, (2019). Mobile traffic-aware offloading 
for energy- and spectral-efficient large-scale D2D-enabled cellular networks, IEEE 
Transactions on Wireless Communications, 18(6), 3251– 3264.  

Zabetian, N., Mohammadi, A., & Kazemi, M. (2020). Energy efficiency optimization for 
device-to-device communication underlaying cellular networks in millimeter-wave. 
International Journal of Communication Systems, 33(6), e4338. 

https://doi.org/10.1109/ACCESS.2022.3177440

