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ABSTRACT

The evolution of Device-to-device (D2D) communication represents a significant breakthrough
within the realm of mobile technology, particularly in the context of 5G and beyond 5G (B5G)
networks. This innovation streamlines the process of data transfer between devices that are in close
physical proximity to each other. D2D communication capitalizes on the capabilities of nearby
devices to communicate directly with one another, thereby optimizing the efficient utilization of
available network resources, reducing latency, enhancing data transmission speed, and increasing the
overall network capacity. In essence, it empowers more effective and rapid data sharing among
neighboring devices, which is especially advantageous within the advanced landscape of mobile
networks such as 5G and B5G. The development of D2D communication is largely driven by mobile
operators who gather and leverage short-range communications data to propel this technology
forward. This data is vital for maintaining proximity-based services and enhancing network
performance. The primary objective of this research is to provide a comprehensive overview of recent
progress in different aspects of D2D communication, including the discovery process, mode selection
methods, interference management, power allocation, and how D2D is employed in 5G technologies.
Furthermore, the study also underscores the unresolved issues and identifies the challenges associated
with D2D communication, shedding light on areas that need further exploration and development.
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INTRODUCTION

The widespread adoption of digital applications like online video streaming, video conferencing, and
cloud computing has given rise to a pressing need for wireless communication technologies that offer
high-speed data transmission and minimal latency. In an era where users expect seamless and real-time
experiences, high-speed wireless communication is crucial to ensure smooth video streaming and
responsive video conferences. Simultaneously, low latency is imperative to minimize delays in data
transmission, providing users with instantaneous and frustration-free interactions with their digital
applications, and ultimately enhancing the overall quality of the digital experience (Nguyen et al.,
2022). Meeting these demands for high-speed, low-latency wireless communication represents a
significant challenge for the forthcoming 5G technology, which incorporates network slicing and
aggregation as part of its framework. Notably, the 3rd Generation Partnership Project (3GPP)
introduced D2D communication, which provides proximity-based services and was first described as
4G technology in Release 12. D2D communication effectively addresses the evolving needs of 5G
networks, providing a potential solution to the demands of high-speed, low-delay data transmission
essential for modern digital applications and services (Kar & Sanyal, 2020; Lin et al., 2014). D2D
communication creates a direct connection that optimally utilizes the licensed spectrum, allowing
nearby devices or users within a cellular network to communicate directly with each other without the
need for relaying information through a central Base Station (BS) (Zhao et al., 2019). The promise of
loT (Internet of Things) devices lies in their ability to seamlessly connect with each other, independent
of human intervention, a concept referred to as Machine to Machine (M2M) communications. This is
important in the context of 5G-M2M communication within 10T, where M2M refers to a wireless
communication mechanism for sharing local information involving one or more devices that do not
require direct human involvement. D2D communication, a crucial component of this landscape, offers
numerous benefits such as reduced latency, improved spectral efficiency, enhanced reliability, and
increased system capacity. It's important to note that this emerging technology is a fundamental part of
the 5G network, a departure from previous 4G technology, which didn't incorporate D2D
communication (Jaafar et al., 2019).

Emerging technologies are reshaping how people share information, particularly in the realms of mobile
computing and wireless communication. The typical cellular mobile environment, on the other hand, is
still reliant on infrastructure. In this configuration, mobile users' connectivity is limited by the BS
coverage region, and direct communication between mobile devices is not possible (Nwazor & Ugah,
2022). Contemporary communication technologies must possess the capability to transmit data when
required via suitable network connections and exhibit the adaptability to enhance network capabilities.
D2D communication is seen as a favorable approach that empowers mobile devices to communicate
directly with each other, eliminating the necessity for access points or base stations (BSs) (Areqi et al.,
2023). Wireless local area networks, wireless personal area networks, and analogous technologies are
utilized for direct communication without the need for an allocated licensed frequency band. This
approach provides the advantage of energy-efficient communication at a cost-effective rate, rendering
it an appealing choice for a wide range of applications. (Doan et al., 2019; Mach et al., 2015; Wu et al.,
2020). Opting for unlicensed frequency bands for communication may not always be the optimal
decision, particularly when contemplating potential interference challenges. Conversely, D2D
communication within a licensed frequency band presents benefits like regulated interference,
heightened energy efficiency, and more effective utilization of the available spectrum resources. This
makes it a highly attractive choice for direct communication within the context of 5G technology (Malik
et al., 2020; Salih et al., 2020).
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In a conventional cellular system, the standard practice involves routing all communication through
base stations (BSs), and it generally does not allow devices to establish direct communication with one
another. This dependence on centralized infrastructure can result in constraints concerning efficiency
and adaptability in specific communication situations (Gismalla et al., 2022). D2D communication is
engineered to capitalize on the close physical proximity of devices, thereby strengthening signal
reception. This is especially advantageous in regions with limited network coverage. To create a
comprehensive communication ecosystem, D2D should seamlessly complement conventional cellular
network services. A pivotal element in D2D design is the effective allocation of resources,
encompassing energy and radio spectrum, between D2D communication and traditional cellular
networks. Striking the right balance in resource allocation is critical for maximizing network
performance and ensuring a harmonious coexistence between these two communication modes (Hayat,
Ngah, Kaleem, et al., 2020). D2D communication provides numerous advantages, notably improved
content privacy and robust anonymity. These advantages arise from the absence of central data storage,
thereby mitigating the risk of data exposure. Moreover, D2D communications hold promise in
enhancing fairness in resource allocation, accelerating data transmission speeds, conserving energy, and
diminishing communication latency. These attributes collectively contribute to a more efficient and
responsive network (Feng et al., 2014). Furthermore, the performance of D2D communication
experiences a substantial boost as system throughput increases and spectrum reuse is optimized through
the direct routing of D2D traffic. This heightened efficiency in resource utilization results in remarkable
enhancements in D2D communication capabilities (Nwazor & Ugah, 2022). D2D communication
efficiently alleviates the load on cellular networks by diverting traffic away from infrastructure-based
routes and facilitating direct D2D transmissions. This approach results in several advantages, including
reduced transmission delay, energy conservation, and higher data transmission rates, making it a
valuable addition to wireless communication systems (Wang & Yan, 2017). Standalone D2D
communication has its limitations as it solely relies on links managed by individual devices, lacking the
capacity for centralized channel management and relaying. On the other hand, network-assisted D2D
leverages some control from the base station (BS) and operator-managed links but still faces challenges
in fully maintaining channel selection and relay functions. Consequently, there is a pressing need for
comprehensive research and attention to effectively manage interference in D2D communication,
especially in scenarios where both standalone and network-assisted D2D approaches are in use
(Chakraborty & Rodrigues, 2020).

To effectively implement D2D communication technology, there are numerous challenges that must be
solved. Complex resource management techniques, effective device discovery (DD) methodologies, the
creation of clever mode selection algorithms, and the creation of efficient mobility management
practices are a few examples. Despite several research initiatives aimed at improving spectral efficiency
and interference control in D2D communications, comprehensive studies addressing various aspects of
D2D communications, including their requirements and problems, are conspicuously lacking. This
underlines the need for a more in-depth examination of D2D communication in order to fully
comprehend its complexity. The authors carried out a thorough examination that looks at both the well
studied and less extensively studied facets of D2D interactions. This research should shed light on both
areas where there is a lack of research and those where there is an abundance of it (Jameel et al., 2018).
A survey was conducted by the authors (Gandotra & Jha, 2016; Pedhadiya et al., 2019), who
concentrated on case studies and technology that improve direct-to-direct communication. The study
also explores D2D communications-related issues such resource allocation, interference mitigation, and
power distribution. This research likely provides valuable insights into the technologies and strategies
that enable D2D communication, while also addressing critical technical challenges in this field.
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To provide a comprehensive understanding of the fundamental principles within the D2D
communication and its associated problems in light of recent advancements, an in-depth analysis of
existing literature is essential. The primary aim of this paper is to provide readers with a foundational
resource that delves into a range of challenges, potential solutions, recent innovations, and ongoing
issues in D2D communications. In contrast to previous reviews, as illustrated in Table 1, we have
organized prior research and challenges in the realm of Specific fields of D2D communication, namely
DD, interference management, power allocation, and mode selection. These domains are recognized as
pivotal elements in the quest to enhance network optimization and grasp the intricacies of D2D
communication (Zhang et al., 2018).

Unlike previous surveys and reviews that have covered all these topics as a whole, this study takes a
different approach. It specifically delves into recent developments within the D2D communication field,
with a focus on identifying problem areas, exploring the methods and techniques proposed to address
these problems, and critically assessing the limitations of these solutions. Additionally, the research
also analyzes emerging challenges in D2D communications. Essentially, it offers a detailed and up-to-
date exploration of the specific issues, potential solutions, and evolving challenges in the realm of D2D
communication.
Table 1: A summary of previous relevant reviews

Challenges
References Device Discovery Interference Resource allocation Mode Selection
Management and power allocation
(Ansarietal., | v v
2017)
(Gismalla et v 4 v
al., 2022)
(Siddiqui et v
al., 2021)
(Salim et al., v
2023)
(Alibraheemi 4 v
etal., 2023)
(Asadi et al., v
2014)
(Raghu & 4
Kiran, 2022)
(Islam & v
Kwon, 2022)
(Jameel et al., 4 v
2018)
(Kumar Jadav v
et al., 2022)
(Noura & 4
Nordin,
2016)
(Gandotra& | v v
Jha, 2016)
(Zhangetal., | v
2018)
(Hayatetal.,, | v 4
2021)
Proposed v v v v
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The primary goal of this review paper is to provide readers with the latest research developments in the
field of D2D communications, including optimal solutions, their results, and restrictions. Specifically,
this paper aims to make the following contributions:

e Qutlining a thorough literature assessment of current developments in particular D2D fields,
including the mode selection procedures designed for D2D applications, interference control,
power allocation strategies, and discovery processes.

e Spotlighting areas of research problems and difficulties that demand more consideration and
possibly future study. This aspect of the paper aims to identify and underline the aspects of
D2D communications that require additional exploration and innovation.

The paper is organized as follows in its subsequent sections: Section 2 conducts an extensive
examination and evaluation of D2D DD methods, and Section 3 furnishes a thorough summary of
interference control approaches in D2D communication. Section 4 discusses power allocation schemes
in D2D communications, followed by a discussion of mode selection schemes and recent advancements
in Section 5. The paper then explores challenging issues in D2D communication in Section 6. Finally,
Section 7 serves as the conclusion, summarizing key observations and findings drawn from the
preceding sections, providing readers with a cohesive understanding of the current state and challenges
in the D2D communication landscape.

Device Discovery

Device discovery in wireless communication, crucial for 5G, occurs when devices send signals via a
base station to locate nearby devices. This process can be centralized, where a central entity like a base
station manages it, or distributed, with devices autonomously discovering each other. The decision
depends on the particular use cases and the requirements of the network (Vaishnav et al., 2022). These
categories serve as the foundation upon which all other approaches and functions in the system are built.
They lay the groundwork for classifying and designing diverse approaches, maintaining consistency
and congruence with the system's goals. (Yan et al., 2017). A central entity, commonly located at an
access point or base station, plays an important role in allowing device interaction in centralized device
discovery (DD). When a gadget wishes to connect with other devices nearby, it broadcasts this intention
to the base station. The base station then collects critical information, including channel conditions,
power levels, and interference management rules, all of which are tailored to the system's individual
requirements. This centralized strategy allows for efficient device detection coordination and resource
allocation. Predefined protocols govern the extent to which the base station participates in device
discovery. Devices are not permitted to begin DD independently with other devices when the base
station is fully engaged. Instead, the base station regulates and facilitates all discovery signals
transmitted between devices. In this case, devices use the base station's already broadcast discovery
signals to begin the DD process.

In cases when the base station's function is constrained, devices can emit discovery signals without
obtaining prior clearance from the base station. This suggests that the gadgets will have more autonomy
throughout the discovery process. This differential in engagement levels with the base station provides
for greater flexibility in how device discovery is handled inside the network. However, the BS is
responsible for transmitting critical information like as the Signal-to-Interference Noise Ratio (SINR)
and path gain for each device. This information is crucial for the BS to assess the feasibility of
communication for each device. Subsequently, the BS requests both devices to initiate the
communication process, ensuring that the conditions are favorable and communication is viable for all
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parties involved. This coordinated approach helps optimize and facilitate effective D2D communication
within the network (Fodor et al., 2016).

In decentralized device discovery, devices are permitted to find other devices independently of the base
station. Devices utilize control signals at varying time intervals with the goal of recognizing nearby
devices. However, the dispersed mode has a number of difficulties, including synchronization problems,
interference, and the strength of the discovery signals. Due to this, it is generally believed that in-band
device identification is more efficient in D2D design. There have been many different in-band and out-
of-band categories for device detection systems presented. Network-assisted discovery, beacon-based
discovery, and DD fall under the in-band category, whilst other methods fall under the out-of-band
category. For a detailed comparison of these DD schemes in D2D communications, please refer to Table
2, which provides a summary of their characteristics.

Table 2: Comparing device discovery methods in D2D communication

Reference Method Objective
(Chour etal., 2017) | VANET Improve latency, power efficiency, and throughput
(Mosbah et al., Discovery algorithm Improve network utilization and time required for discovery
2019)
(Zhang et al., 2017) | Random back-off Improve latency
procedure
(Lietal., 2018) Sequential estimation Improve latency and power efficient
scheme
(Hayat, Ngah, Device discovery Improve latency and energy efficient
Hashim, et al., algorithm
2019)
(Hayat, Ngah, & A device discovery Energy efficient
Zahedi, 2019) technique is proposed
(Hayat, Ngah, & Discovery algorithm Fast Discoverability
Mohd Hashim,
2020)
(Swain & Murthy, Proposed device Fast Discoverability
2020) discovery scheme
(Kaleemet al., D2D discovery Improves Energy-efficient and Fast Discoverability
2019) maximization algorithm
(Hayat et al., 2021) | Sector Scanning Improves Energy-efficient and Fast Discoverability
Algorithm

Latest Developments in Discovering Devices

The significance of D2D communication in next-gen cellular networks is highlighted, emphasizing its
role in proximity-based services. It discusses the challenge of peer discovery in D2D and introduces a
novel approach, a self-organized mobility-aware device discovery mechanism (SMDD), utilizing self-
organization and mobility awareness. SMDD significantly enhances peer discovery rates, cluster
formation times, and energy efficiency compared to other algorithms (Kumari & Tyagi, 2022). The
authors presented a technique for discovering energy-efficient devices that were designed for public
safety purposes. The designers of this system accommodate for concurrent user access to resources and
overcome important limits associated with overlay interference in D2D networks. The outcomes of this
approach are noteworthy, resulting in the discovery of a substantial number of energy-efficient devices
while also boosting the overall count of DD compared to static or random back-off patterns (Kaleem et
al., 2019). A D2D DD approach in which a device initiates the discovery of neighboring devices. They
discuss static device discovery outside the network and investigate the timing of these discoveries.
Another author also developed a mathematical model that can be applied to mobile D2Ds. To validate
their findings, they conducted Monte-Carlo simulations (Jaffry et al., 2019). The authors (Kaleem et
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al., 2020) introduced a time-efficient, full-duplex device discovery system for public safety applications
within the D2D framework. This system leverages the IB-FD (In-Band Full-Duplex) framework and
places a strong emphasis on improving SE and reducing the delay associated with DD in public safety
scenarios. The proposed framework allows for the transmission mode to switch from half-duplex to
full-duplex. Through simulations, the results were verified and compared to a conventional random-
access technique. The outcome of these simulations revealed that employing the public safety priority
method led to approximately 37 percent reduction in device discovery time compared to the random-
access technique. In a 5G heterogeneous network, an authentication mechanism designed for D2D
communication and privacy-preserving DD. Elliptic-Curve Diffie-Hellman approaches, the authors
provided an authentication strategy that combines identity-based procedures with built-in privacy
protection for device identification. The performance analysis of this scheme demonstrated its
capability to safeguard privacy with optimal efficiency (Sun et al., 2019). The author (Kaleem et al.,
2018), proposed a full-duplex DD system for a D2D network, with a focus on public safety applications
and prioritization. The study's findings revealed that in-band full-duplex operation is more effective in
efficiently utilizing radio resources when compared to half-duplex operation. Additionally, the
suggested approach was observed to reduce device discovery time by approximately 37 percent. The
author introduces an innovative device discovery method for in-band D2D communication, which
utilizes a Cell Sector Scanning Algorithm in scenarios involving random walk and velocity-based
movement. The study divides the coverage area into 8 sectors, optimizing the utilization of radio
resources for proximity-based device discovery. The proposed algorithm is characterized by speed,
precision, and energy efficiency at both the device and network levels. It notably enhances the quality
of discovery by more than 20% compared to linear estimation and reduces energy consumption by 24%,
especially in densely populated areas, while maintaining adaptability to changing environmental
conditions (Hayat et al., 2021).

Interference Management

Cellular user interference poses a significant challenge in D2D communication. This interference occurs
when both cellular users and D2D pairs utilize the same cellular resources, resulting in interference
issues. The type of interference varies depending on the operation mode of the D2D network, whether
it's in an uplink or downlink scenario. In both situations, D2D users may encounter interference from
within their own cell (referred to as intracellular interference) or from neighboring cells (known as
intercellular interference). This interference can degrade the quality of transmissions by compromising
the SINR, which is a crucial factor in determining successful data transmission (Annur et al., 2021). In
this section, several interference management techniques are discussed. There are three basic categories
that these methods fall under interference coordination, interference avoidance, and interference
cancellation. Table 3 provides a concise summary of these interference management approaches in the
context of D2D communications.

Table 3: An overview of interference management in D2D communication

Reference Method Objective Channel Interference Type

(Aslam et al., 2019) | Game theory Interference Uplink Decentralized
management

(Doumiati et al., Topological Low computation Uplink and Centralized

2019) interference complexity downlink

management

(Liu et al., 2016) Stackelberg game Interference Uplink Centralized
management and
resource allocation
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(Raziah et al., Low-energy Interference Uplink and Decentralized
2022) adaptive clustering | management and downlink
hierarchy power control
(YYang, Cheng, et Graph theory-based | Energy efficiency Uplink and Distributed
al., 2017) downlink
(Shamaei et al., Poisson Point Resource allocation Uplink and Distributed
2023) Process downlink
(Shamaei et al., Matching theory- Resource allocation Downlink Distributed
2018) based algorithm and low complexity
(Kamruzzaman et Dynamic algorithm | Minimize the Uplink Distributed
al., 2022) interference
(Zhao et al., 2018) | Greedy-based Minimize the Uplink Centralized
algorithm interference and low
computation
complexity

Latest Developments in Interference management

Avoiding Interference

To eliminate conflicts between D2D and cellular connections, interference avoidance techniques are
used. Because of its responsiveness to traffic needs and minimal control overhead, they chose a
distributed approach for interference control. They developed a completely distributed random-access
protocol for D2D connections in cellular networks. Interferes are prevented from sending signals near
D2D receivers using this approach of interference avoidance. The results show that the suggested
distributed D2D scheme beats the conventional technique by a large margin, despite the fact that the
simulation only included device locations following a Poisson point process (Kong, 2020). In this
study, they introduced a multiuser D2D system known as MD2D that allows simultaneous D2D
transmissions. To tackle interference across multiuser D2D environments, they utilized Multiple-Input
Multiple-Output. The system assesses different antenna combinations to determine their ability to
eliminate interference between pairs and then employs a bucket-based degree of freedom method to
configure antenna usage effectively for interference elimination. The results of this approach indicate a
remarkable 87.39 percent improvement in throughput compared to traditional interference avoidance
schemes, and in large-scale simulations, the improvement reaches up to 218.84 % (Chiu et al., 2016).
In order to handle interference in D2D communication, the author presents a novel power control
method based on the Low-energy adaptive clustering hierarchy protocol. It outperforms the traditional
fixed power control method and a modified version (MFPC) in terms of reducing interference and
improving signal quality (Raziah et al., 2022). The authors proposed a radio resource allocation strategy
for multihop D2D connections, with an emphasis on interference avoidance approaches in LTE-A
networks. Their goal was to apply the concepts of single-hop D2D technology to multi-hop D2D
communications. According to their findings, when these proposed techniques and appropriate power
control are used, established D2D networks may efficiently reuse cellular frequency bands while
reducing interference to cellular communication (Dubey et al., 2022).

Interference Coordination

Inband D2D communication benefits greatly from interference coordination techniques. Coordination
and monitoring are principally provided by the Base Station in the Centralized Interference
Coordination system, which plays a critical role in interference management. However, because D2D
nodes actively engage in the coordination process, the demand for considerable monitoring from the
BS is eliminated by the Decentralized Interference Coordination system. These interference
coordinating approaches are critical for lowering interference between cellular and D2D networks,
ultimately improving the overall performance and quality of communication in such networks. The
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authors employed full-duplex communication in a D2D communication environment but faced
interference challenges when devices operated in full-duplex mode. To address this, they introduced a
graph-coloring-based resource-sharing scheme as a solution to jointly optimize the system with minimal
complexity. This scheme was implemented to enhance spectrum utilization in D2D communication
(Yang, Zhang, et al., 2017). The author's proposed method introduces a decentralized approach for
managing both interlayer and intralayer interferences. It leverages the pricing concept, utilized by the
BS to control inter-layer interference, while intralayer interference is managed through game theory
(Aslam et al., 2019). The author presents an interference coordination scheme for D2D communication
networks using an improved Stackelberg model. It combines resource allocation and power control,
employing a Deep Q Network (DQN) to optimize the system. This approach enhances QoS for cellular
users while effectively managing interference in D2D communication networks, outperforming similar
algorithms (Xinzhou Li et al., 2023).

Cancellation of Interference

Interference cancellation techniques are methods that utilize advanced decoding and coding strategies
to eliminate or mitigate interference signals at either the DUE or CUE. These techniques are employed
to improve the overall capacity and efficiency of cellular networks. By effectively reducing or canceling
out interfering signals, the network can handle more users and data traffic simultaneously, leading to
enhanced network performance and capacity. The author introduced an interference mitigation
algorithm that leverages a guard zone and enables successive interference cancellation at Base Stations
(BSs). In this approach, D2D users are required to switch to the standard cellular mode when they are
within a defined geographical area within a cell. The scheme's results show an increase in UE average
throughput and the probability of successful data transmission for UE, showcasing the effectiveness of
the proposed approach in improving network performance (Lv et al., 2016). This study presents a
practical resource allocation framework based on matching theory with externalities by reducing
cellular and D2D communication interference, and increasing network throughput. It models user
equipment positions and achieves stable resource allocation with near-optimal network performance at
a low computational cost (Shamaei et al., 2023). A cooperative NOMA approach is introduced,
incorporating Weak User Beam-Matching and Strong User Beam-Matching equalizers to eliminate
interference. It utilizes D2D Channel State Information sharing, a novel power allocation strategy and
introduces Bit Error Rate as a performance metric. Simulation results show substantial improvements
in both the sum rate and Bit Error Rate compared to other non-cooperative schemes (Al-Wani et al.,
2021). A dynamic approach based on distance is described to reduce interference and offer QoS for
both cellular and D2D communication links. The results demonstrate a significant enhancement in
outage probability, with a 35% improvement in eNB links and a remarkable 49% improvement in
SCeNB links when compared to conventional neighbor-based methods (Kamruzzaman et al., 2022).
This research paper delves into interference cancellation within the framework of relay-assisted D2D
communication. It integrates two interference cancellation models into the analysis of transmission
capacity. The study explores the enhancements in performance that interference cancellation can offer
and analyzes how different parameters interact to affect network performance. Furthermore, the paper
investigates two hybrid interference cancellation models, shedding light on their effects in various
scenarios and the trade-offs they entail (Amodu et al., 2021). To eliminate mutual interference and
increase performance, an interference mitigation approach is developed. For resource-sharing links, this
technique recommends using orthogonal precoding vectors. Using this interference cancellation
technology reduces the chance of outages and boosts the overall capacity for cellular and D2D user
equipment that shares these resources. The adoption of precoding techniques, according to the research,
enhances outage performance and system capacity (Tsegay et al., 2020). The usage of a two-way
decode-and-forward relay node in D2D communication is investigated in this work. It assesses the
likelihood of asymmetric and symmetric outages using various approaches such as beamforming and
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interference cancellation. The findings demonstrate that a lot of factors influence system performance,
including the deployment of a high number of antennas at the base station, which can considerably
lower the likelihood of a cellular connection going down (Ni et al., 2018).

Power Allocation

Power allocation in wireless communication refers to the dynamic adjustment of transmission power
levels for base stations and user equipment with the purpose of enhancing connection capacity by
improving signal strength while balancing the risk of interference amongst devices using the same
resources. Efficient power allocation algorithms are crucial for conserving energy resources,
particularly in battery-powered devices, and for ensuring overall service quality in wireless networks
(Thakre & Pokle, 2022). The distribution of radio resources is one of these tactics, which is used to
govern how various users or devices connect to the wireless network. Resource allocation is crucial in
meeting the immediate increase in resource demand. To enhance the overall efficiency and capacity of
the system, it's essential to focus on resource utilization and joint optimization, as these factors
contribute significantly to improving the system's throughput and capacity, ensuring a better user
experience and network performance (Kebede et al., 2022). Resource allocation techniques and various
power allocation strategies emphasize the significance of integrating power allocation and mode
selection in conjunction with link adaption strategies to provide optimal system performance. Power
allocation algorithms can be broadly categorized into two types: centralized and distributed. In
centralized algorithms, the base station takes on the responsibility of making decisions regarding
resource allocation and power allocation, whereas in distributed algorithms, this responsibility lies with
the user equipment. An example of a centralized algorithm is LTE power control, which demonstrates
how power allocation decisions are made by the network infrastructure to optimize the wireless
communication system's performance (Hussain et al., 2020). Creating a structured power allocation
algorithm for wireless communication necessitates considering key parameters such as maximum
transmit power and the target-received power per resource block, how many resources there are, and
path loss are all factors. These parameters are pivotal in designing an efficient power allocation strategy.
Table 4, on the other hand, likely provides a summary of power allocation challenges and possible
solutions in D2D communications, serving as a valuable reference for researchers and engineers in this
field.

Table 4: A summary of power allocation problems and possible solutions

Reference Method Objective

(Huang etal., | Power allocation mechanisms Energy efficiency

2020)

(Zhai et al., Graph theory Power allocation and energy efficiency
2017)

(Zeb et al., Graph theory Spectrum and energy efficiency

2021)

(Kai et al., Joint subcarrier and Power Power allocation

2020) allocation scheme

(Xuetal., Particle Swarm Optimization Improve throughput

2018)

(Rashed et al., | Factor-graphs and Message- Power allocation

2020) Passing Algorithm

(Gaoetal., Sequential Geometric Energy efficiency

2019) Programming

(Omidkar et Reinforcement learning Energy efficiency and spectrum sharing
al., 2022)
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(Najeh & Dynamic Stackelberg game Power allocation
Bouallegue,
2023)

Recent Developments in Power Allocation

The D2D communication technique has interference issues that affect its benefits. To mitigate
interference, various methods like resource allocation, power allocation, signal processing, and mode
selection have been proposed. These methods aim to enhance the coexistence of D2D and cellular
communication, making D2D more effective in wireless networks. The power allocation for D2D
communications was optimized by the authors using an interior point technique. To reduce
computational complexity, they approximated the interior point method. The outcomes indicate that
this approach, with reduced computational complexity, can still achieve near-optimal throughput for
D2D communication (Wang et al., 2017). The study introduces two methods for allocating power in
D2D communications, focusing on determining both transmit power and power splitting ratios.
Additionally, the research presents two pricing strategies designed to maximize social utility,
considering both D2D and cellular communications. Simulation results confirm the effectiveness of
these methods and strategies. Notably, the research shows that the pricing strategies are efficient and
energy-saving, while the power allocation mechanism can adapt well to the mobility of D2D users
(Huang et al., 2020). The primary issue highlighted in the study is the non-convexity of sum-rates
maximization when subject to power constraints. The authors underscore this challenge by framing the
power allocation model as a potential game. To address this issue, they introduce two iterative
algorithms that leverage the convergence properties of potential games. These proposed solutions
outperform traditional rate maximization schemes because they lead to solutions that align more closely
with the local maxima of the objective function (Abrardo & Moretti, 2016). The study, employing graph
theory, highlights the complexity of optimizing power and spectrum allocation in D2D networks. It
presents a two-phase algorithm that minimizes resource usage and transmission power while meeting
QoS requirements. Additionally, dynamic frequency reuse strategies are proposed, showing better
results than existing methods in terms of spectrum and energy efficiency under network outage
constraints (Zeb et al., 2021). Through a network-centric strategy, the goal of the study is to improve
EE for both CUEs and DUE. To achieve this, the authors propose a price-based cost function for DUE
to ensure CUE uplink transmission. The results of their testing indicate that the proposed scheme
exhibits fast convergence and provides a superior solution for both network-centric and user-centric EE
optimization problems (Ding et al., 2016). The author proposed a new method to enhance energy
efficiency in an loT network with energy harvesting and simultaneous wireless information and power
transfer. It combines time switching for D2D users and power splitting for 10T users. The study
addresses an optimization problem that considers various factors, and it's solved through reinforcement
learning and convex optimization. Simulation results demonstrate the method's superior performance
and significant energy efficiency improvements through spectrum sharing in D2D communication
(Omidkar et al., 2022). The authors present an innovative algorithm named the "modified mixed
strategy algorithm™ designed for power allocation, with the goal of enhancing the efficiency and cost-
effectiveness of power transmission. Experimental findings indicate that the modified mixed strategy
algorithm surpasses a baseline model that doesn't employ any power allocation method. This indicates
that the proposed algorithm is more effective in the management of power resources (Rahma et al.,
2022).

Mode Selection

Within a D2D cellular network, user equipment has the capacity to establish direct communication with
the base station, offering distinct advantages such as reduced latency and enhanced network throughput.
Nonetheless, this capability also brings forth fresh challenges pertaining to resource allocation and
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potential network congestion. Moreover, network administration becomes more complex when multiple
pieces of user equipment utilize various communication modes, including direct, hybrid, or other modes
of communication (Chen et al., 2020). Table 5 provides a concise summary of issues associated with
the selection of communication modes in D2D communication, along with proposed solutions. User
equipment typically has four communication modes at its disposal.

Pure cellular mode is utilized in scenarios characterized by limited resources and significant
network interference, often resulting from the absence of D2D communication. In this mode, D2D
users are unable to directly transfer their data between each other. Instead, all data traffic is routed
through the cellular network, which can lead to higher interference levels and reduced efficiency in
certain scenarios (Ali & Ahmad, 2017).

In the Partial cellular mode, user equipment (UE) can communicate through the base station without
sharing the co-channel spectrum with other UEs engaged in direct D2D communication. This mode
enables UEs to utilize the cellular network infrastructure for their communication needs, which can
help manage interference issues and maintain efficient network operations.

The Dedicated mode permits user equipment (UE) to establish direct communication with other
UEs using specifically allocated spectrum resources. In this mode, UEs have their dedicated
frequency bands or channels for communication, which can provide more efficient and interference-
free direct connections between UEs (Doppler et al., 2010).

The Underlay mode enables both D2D users and cellular users to use the same uplink and downlink
resources within the network. In this mode, they coexist and use the available spectrum
simultaneously, allowing for efficient use of resources but requiring effective management to
prevent interference and maintain network performance (Zhang et al., 2015).

Table 5: A summary of mode selection in D2D communication

Reference Method Objective

(Bithas et al., | Greedy heuristic algorithm Improves sum rate

2019)

(Hou & Chen, | Resource allocation algorithm- Maximize the throughput

2020) based mode selection.

(Tian et al., resource allocation and relay Maximize transmission data rates
2019) selection scheme

(Hanetal., Concave-convex procedure Spectrum efficiency and transmit power
2020) algorithm

(Galanopoulos | Proximal algorithm Spectrum allocation and mode selection
et al., 2020)

(Jeon et al., Graph-theory Improves sum rate

2020)

(loannou et Transmission mode selection Spectral efficiency

al., 2021) approach

(Bithas etal., | Greedy heuristic algorithm Improves sum rate

2019)

(J. Lietal., Quasi-convex optimization Maximize system throughput

2019) algorithm

Modern Developments in Mode Selection

For the purpose of choosing a D2D communication method, the author offers a resource allocation
technique. Users are grouped according to where they are, communication channels are assigned
according to priority, and resource distribution is optimized. The technique successfully increases
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throughput for consumers, according to simulation data (Hou & Chen, 2020). The author introduces an
optimal strategy for mode selection in socially conscious D2D communications, emphasizing social
reciprocity and link rate improvement for effective content sharing. It uses total unimodularity attributes
to create online solutions through linear programming algorithms. However, the paper doesn't cover
mode selection for different popularity distributions or individual QoS constraints (Wu et al., 2018).
Another author proposed spectrum allocation and mode selection in a heterogeneous network with
macro and pico base stations for D2D communication. It aims to strike a balance between power
efficiency and user data rates. The paper offers two solutions: a centralized one and a distributed one
using the proximal algorithm, with the distributed approach being more efficient. Simulations confirm
the effectiveness of the method under various channel conditions, providing insights into complexity,
convergence, and real-world implementation for future wireless networks (Galanopoulos et al., 2020).
In a D2D network, selecting effective communication modes for user equipment pairs presents
difficulties with regard to mode variety, capacity optimization, and effective sharing of uplink channels
among cellular users. The authors propose an optimal mode selection algorithm for multipair and
multimode D2D networks, aiming to maximize capacity through the selection of three modes: direct
D2D, relay D2D, and local route mode. This problem can be represented as an integer programming
issue, and it presents a key challenge in D2D communication optimization (Chen et al., 2019). The
author introduces a mode selection scheme for D2D cellular networks, focusing on maintaining service
quality while addressing interference and using realistic channel information. It employs Markov-chain
theory to analyze single-user scenarios, reducing mode switching and improving efficiency. In multi-
user contexts, a joint mode selection, resource allocation, and scheduling algorithm, powered by a
greedy heuristic, enhances sum-rate performance (Bithas et al., 2019). The author addresses D2D
communication in cellular networks, optimizing throughput and user satisfaction. It introduces a mode
selection and resource allocation approach based on geographic data and prioritizes resources. User
satisfaction is measured using the Mean Opinion Score index. The paper presents a multi-objective
optimization problem to maximize system throughput and user satisfaction, ultimately achieving higher
user satisfaction at a minor cost to overall system throughput (Xiukui Li et al., 2023). This study focuses
on optimizing mode selection and transmit power allocation for D2D communication in cellular
networks. It addresses the challenge of coexistence between direct D2D and device-infrastructure-
device (DID) modes, which can cause interference. The research formulates a joint optimization model
and employs a deep neural network (DNN) to find near-optimal solutions with lower computational
complexity compared to an exhaustive search. Simulation results demonstrate the DNN's effectiveness
in achieving improved network performance (Ron & Lee, 2022).

D2D Communication Challenges

The D2D communication within 5G comes with various challenges related to interference management,
spectrum allocation, security, scalability, quality of service, energy efficiency, standardization,
regulatory adherence, and network segmentation. It is crucial to tackle these challenges to fully harness
the potential of D2D communication in 5G settings. The forthcoming discussion will shed light on the
outstanding issues and hurdles.

Device Discovery challenges
As continuing open research concerns, certain difficulties in device discovery are emphasized.
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Multi-cell Device Discovery

Device discovery can present notable difficulties, especially when a device from a different cell within
the cellular network is on the move. This situation prompts concerns regarding the distribution of radio
resources and the beneficiaries of this mobility, highlighting the intricacies associated with handling
such situations. The authors have introduced a multi-cell device discovery approach as a potential
solution. This approach may necessitate cooperation between the core network and BS. Consequently,
it is crucial and of paramount significance to put forward a scheduling mechanism for the efficient
management of discovery signals (Areqi et al., 2023; Hayat et al., 2018).

Synchronization

In D2D communication, synchronization is typically achieved between the devices in the system and
the base station, where the BS sets the time frames and schedules. Nevertheless, a complication arises
during device discovery when secondary devices linked to primary devices are situated beyond the base
station coverage area. In this asynchronous discovery scenario, the devices must constantly search for
nearby devices, which can consume significant resources and potentially hinder efficiency (Karatalay,
2022).

Discovery Messages Frequencies

Synchronizing devices and managing discovery frequencies are critical challenges in D2D
communication. The volume of discovery messages impacts D2D performance, and interference can
arise due to device distribution. On the other hand, a low number of messages can lead to outdated
information about neighboring devices. To address this, an appropriate scheduling scheme is needed to
optimize discovery message frequencies and balance performance and interference (Swain & Murthy,
2020).

Interference Management Challenges
This paper also points out interference management challenges in 5G D2D communications for future
research.

D2D in mmWave Communication

An essential feature that has garnered significant attention in 5G cellular networks is communication in
the mmWave band (Niu et al., 2019). There is a strong expectation that in future 5G cellular networks,
mmWave mesh networks will supplant the conventional copper or fiber-based structures, providing
mesh-like connectivity and rapid deployment capabilities (Al-Hazemi et al., 2019). High data speeds
are offered by mmWave communication in 5G networks, however, due to unusual propagation
properties, interference control difficulties are also present. In order to support simultaneous D2D
communications in mmWave 5G networks, interference control strategies that take direction into
account are required, as existing efforts have mainly focused on resource-sharing algorithms (Feng et
al., 2022).

Ultra-Reliable Low Latency Communication

Ultra-Reliable Low Latency Communication (URLLC) holds a pivotal role in handling interference in
D2D communication. It guarantees the high reliability and low-latency of D2D communication while
efficiently managing interference to uphold the overall network's performance. The emergence of B5G
URLLC applications within modern heterogeneous networks has presented opportunities for
optimization. Nevertheless, interference challenges arising from uncoordinated wireless networks and
innovative technologies can impact the performance of URLLC systems. Interference challenges within
URLLC systems, with a specific focus on contemporary designs and technologies for B5G and
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forthcoming 6G networks. It provides a comprehensive overview and offers guidance for future
research in this field (Adeogun et al., 2022; Siddiqui et al., 2023).

Power allocation challenges
Numerous challenges in the domain of power allocation have been identified and can be considered as
reference points for future research.

Transmission Power

Ensuring that D2D device transmission power is appropriately regulated is of utmost importance. It's
essential that the transmission power is not too low to achieve high-quality D2D links (X. Li et al.,
2019). Minimizing transmission power is essential for preserving equipment battery life. Researchers
focus on achieving optimal power allocation, which can be categorized into dynamic and static power
allocation. Static power allocation maintains a constant transmission power, while dynamic allocation
allows power adjustment based on device proximity. Effective power management is particularly
crucial in uplink transmission to reduce co-channel interference and the near-far effect (Barik et al.,
2019). Setting an upper power level restriction for D2D users can help a network maintain the quality
of service for cellular customers. To reduce interference in underlaying D2D cellular networks, an
efficient power control method is essential. It is consistently important to determine the ideal power
level for D2D links, ensuring minimal interference and preserving the quality of these links. This
approach helps balance the coexistence of D2D and cellular communication while upholding QoS
standards for all users in the network (Sun et al., 2018).

Several small networks or a single large network

Resource management challenges, particularly power control, are directly influenced by the number of
users in the network. In small networks, power and frequency resources can be efficiently managed.
However, as the user base continues to expand, it becomes increasingly challenging for a single network
to accommodate all users. The growing number of antennas, complex decoding processes, large
overhead for Channel State Information (CSI) feedback, and intricate precoding metrics can lead to
network performance degradation. Key issues that should be addressed include determining the
maximum number of users allowed in the network, resource allocation methods within subnetworks,
and the decision-making process, whether it is centralized or distributed. These challenges are central
to managing resource allocation effectively in large and complex networks (Liu et al., 2019; Wang et
al., 2018).

Model selection challenges
The following section underscores several research challenges related to mode selection in D2D
communication.

Dynamic Mode Selection

Most research primarily deals with static network scenarios, particularly in downlink situations where
the base station serves as the intermediary for D2D communication. It's evident that dynamically
switching modes, whether through brute force or heuristics, can sometimes lead to suboptimal
enhancements in network performance. These findings highlight the need for a more comprehensive
mode selection strategy capable of dynamic adaptation in real-world scenarios (loannou et al., 2022).
Overhead for Mode Selection

The mode selection process, which includes both channel estimation and control signaling, can add a
large amount of overhead. The channel estimate is based on the Channel State Information (CSI) of the
links. However, if the CSI becomes obsolete, network performance might suffer significantly. In
essence, reducing the overhead associated with mode selection is critical for extending the device's
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operating lifetime. This reduction in overhead may lead to more efficient and prolonged device
operation (Eslami et al., 2023).

Conclusion

D2D communication offers several benefits over traditional cellular networks and is seen as a very
promising paradigm for future network development. This study examines existing D2D technologies
in-depth, addressing topics such as device detection, interference management, power allocation, and
mode selection. The analysis indicates outstanding concerns and prospective future research directions
in the ever-changing field of D2D communication. While D2D technology is hew, a large body of study
has revealed several research challenges and areas for further development. The primary objective of
this extensive review is to offer a well-defined grasp of D2D technologies, underlying principles, areas
of research yet to be explored, and the potential future directions in the field of D2D communication.
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