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Abstract 

In the context of the inband cellular network, Device to Device (D2D) communication refers to the process by 

which two or more devices interact directly with one another. The fact that cellular radio resources (RR) are 

shared between cellular users and D2D users contributes to an increase in the spectral efficiency of the system. 

Interference and inefficient usage are the results of RR sharing that is not legitimately distributed in the 

appropriate manner. Consequently, the management of RR between cellular users and D2D users is necessary in 

order to limit interference and the wasteful use of RR. Due to the short distances and dedicated route, D2D users 

on a cellular network that is enabled for direct-to-device communication have a higher signal-to-noise ratio 

(SNR) than cellular users with the same network. With this benefit in mind, the authors of this research offer an 

effective RR allocation technique that is based on swarm optimization. This approach enables the maximum 

amount of spatial reuse in OFDMA networks and multiuser networks. The needed RR is determined by the 

algorithm based on the request made by D2D users, with the indicator variable serving as the basis. When it 

comes to OFDMA networks, it improves the capacity (in bits per Hz), total system throughput, and spectral 

efficiency with regard to sub-carriers. Simulations run in MATLAB are used to assess how well the suggested 

method performs.  

 

Introduction 

    

In the modern world, where there are a growing number of gadgets that are linked to the internet, the necessity 

for effective communication has become very essential. "Device-to-Device" (D2D) communication is a 

relatively new method of communication that allows devices to connect with one another directly, without the 

need for base stations to facilitate the exchange of information. Utilizing this strategy has the potential to boost 

overall communication performance, as well as improve network capacity and decrease latency. Nevertheless, 

the issue of assigning radio resources for device-to-device communication becomes a difficult one when there is 

a dense network of devices. When faced with such circumstances, the conventional approaches to resource 

distribution may not be the most successful. The use of swarm optimization is what comes into play here.  

The Device to Device (D2D) communication that is used in fourth-generation long-term evolution (4G LTE) is 

primarily concerned with public safety; nevertheless, the potential improvements that may be supplied by D2D 

operation have not yet been fully utilized [1]. It is believed that direct-to-device (D2D) communication, which 

serves as an underlay to cellular networks, is one of the most important developments that will improve the 

performance of future cellular systems. During the implementation of 5G systems, it is envisaged that the D2D 

operation would be locally coordinated as a component that is not constrained by the 5G system. D2D has the 
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potential to provide a number of basic benefits, including increased capacity and throughput, decreased latency, 

increased availability and dependability, and proximity services. In order to accomplish all of these advantages, 

it is necessary to maximize the usage and allocation of available resources. The allocation of radio resources 

(RR) for direct-to-device communication is the collective name for this process. Several different devices, each 

with its own set of services and operators, are present in a cellular system. The question arises as to who will 

provide the resources necessary to carry out D2D communication once a large number of devices are eligible for 

it. It encompasses the data channel, the control channel, and several other cellular services without having an 

impact on the consumers of cellular networks. According to the information shown in Figure 1, the RR 

allocation in an OFDMA cellular network may be broken down into three distinct scenarios: i) cellular users to 

D2D users; ii) D2D users to cellular users; and iii) D2D users to D2D users.   

 

Direct-to-device (D2D) communication is based on the core idea that appropriate and chosen devices may 

utilize the resources of the cellular network in order to establish direct communication linkages [2]. In the event 

that the prerequisites are met, the direct-to-device communication will not have any negative impact on cellular 

users, such as interference, and cellular users will have the freedom to freely utilize the associated resources. 

Even while it has a tremendous potential in terms of coverage and capacity, it does face several difficulties, 

most notably in terms of RR allocation. The most important idea is to make use of cellular resources efficiently 

by allowing wireless devices that are nearby to one another to establish direct communication linkages. 

Moreover, this concept not only improves the efficiency with which spectrum is used, but it also has a 

remarkable potential for enhancing the performance of the system, which can be expressed in terms of system 

capacity, throughput, spectral efficiency, and end-to-end delays. Half duplex and full duplex are the two 

methods that may be used for RR allocation techniques. Given that a user equipment typically consists of a 

single antenna, it is necessary to have two orthogonal time phases in order to provide individual transmission 

and reception in half-duplex. During the first phase of the test, it is imperative that all user equipment remain 

quiet and listen from the base station on the downlink channel instead. As cellular users or direct-to-device 

users, each device will make a request for resources during the second time stage. Despite the fact that this 

strategy will not result in interference between cellular users and D2D users, it will result in a decrease in the 

RR reuse acquisition. This shortcoming may be remedied by using full duplex OFDMA, which is a solution that 

enables several users to make simultaneous use of the same RR resource [3].   

Both D2D and RR allocation are examples of current research issues and future research opportunities. The 

focus is placed on direct-to-device (D2D) scenarios, such as those with typically minimal mobility, in which 

data offloading, improvements in network capacity, decreased latency, and enhanced data rates play a 

significant role. In-band underlay direct-to-device (D2D) communication, in which D2D makes use of the same 

spectrum resources as the cellular network, will be the focus of attention. It is reasonable to anticipate that the 

distribution of residual resources (RR) to D2D users will need to be carried out in a distributed fashion while 

channel information is completely limited. In addition, it is of the utmost importance that instant 

communications between devices be coordinated in order to ensure that they do not negatively impact the 

functioning of cellular phones and other mobile devices. It is necessary for such coordination to include the 

careful distribution of power from D2D users to available RR, which is fundamentally exploited as either 

downlink or uplink bandwidth. The demand for dispersed arrangements in a D2D environment is another factor 
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that contributes to the difficulty of comprehending this problem, which is difficult to comprehend even in a 

system that is managed from the center. In order to achieve high data rates, energy efficiency, and interference 

avoidance between cellular users and D2D users, an RR allocation model for multi-devices in an OFDMA 

system has been presented. After the D2D pair has been established, RR may be assigned to that pair so that 

they can communicate with one another. Following the discovery process, RR is only assigned to discoverer 

devices when the found device gets a request for connection following the discovery process. It makes it 

possible for the D2D pair to send and receive data over the same channel that has been assigned to them. When 

it comes to RR allocation, swarm optimization is used in order to reduce the amount of interference that occurs 

between cellular users and D2D users. Consequently, the capacity, throughput, and frequency efficiency of the 

system are all improved.  

 

 

Block Diagram 

   

                     

Fig 1 : Scenarios for radio resources allocation among D2D users and cellular users in  the  cellular system.                                                                      

  

Explanation      

Radio resources are distributed in a manner that is dynamically determined by the circumstances of the network 

in real time in this scenario. For the purpose of optimizing resource allocation, consideration is given to a 

variety of factors, including channel quality, interference levels, and user demand. This technique allows for the 

effective usage of resources and facilitates the adaptation to changing circumstances within the network. In 

terms of RR allocation, there are two different approaches:   

The prerequisites for software   

 

It also includes the technologies, frameworks, and tools that are required in order to design and deploy the 

system that is being proposed. All of the following are essential software requirements:  

Language used for programming: It is dependent on the preferences of the development team as well as 

compatibility with the frameworks that are chosen to choose which programming language to use. Python and 

MATLAB are two examples of computer languages that are often used for projects of this kind for optimization. 

Libraries are: Particle Swarm Optimization (PSO) and Ant Colony Optimization (ACO) libraries are examples 
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of optimization libraries that are required for the project in order to successfully implement the swarm 

optimization method with the appropriate optimization libraries. The optimization process is made easier by the 

presence of these libraries, which include pre-built functions and algorithms.   

Software for Simulation: MATLAB, NS-3 (Network Simulator 3), and OMNeT++ are examples of simulation 

tools that might be used in order to replicate the environment of direct-to-direct communication. By using these 

tools, it is possible to generate scenarios that are based on reality and to assess the many techniques that have 

been presented for resource distribution.  

Allocation Techniques For D2d Users  

When it comes to in-band direct-to-device (D2D) communication, there are two different kinds of RR allocation 

techniques: underlay and overlay, as shown in Figure 2. Within the context of interference management, the 

proliferation of the D2D layer as an underlay to cellular systems presents additional challenges in comparison to 

conventional cellular networks. On the basis of cooperative scheduling, RR allocation for D2D in an underlay 

cellular network has been suggested [5]. It manages the power in order to prevent interference and keep the 

quality of service of the D2D connection intact; nevertheless, the challenge lies in the fact that accommodating 

the greatest number of users is extremely challenging. In [6], the RR allocation in mobility structure for 

underlay D2D is provided. In this structure, the RR are distributed according to the distance between the two 

points. Channel distribution between D2D pairs becomes challenging when the distance between them is 

increased. In the paper [7], a distance limit model for RR allocation is developed. In this model, RR are assigned 

using a max-flow method that is based on cellular and D2D connection information. Despite the fact that it 

increases the total rate, it causes interference. It is the reuse of radio resources among cellular users and D2D 

users that causes intra-cell interference, which is the root of these challenges.  

  

 

Fig. 2. In-band D2D radio resource distribution as an underlay and overlay. 

Consequently, in order to maximise the benefits of direct-to-device (D2D) communication and achieve a higher 

level of network performance in comparison to conventional cellular networks, it is essential to implement a 

careful allocation of resources that takes into account both cellular users and D2D users. The optimization 

measure may be used to determine the order in which RR allocation operations for D2D underlay 

communication are carried out [8]. Through the process of RR allocation, it is determined which specific 

frequency and time resources should be assigned to both direct-to-device (D2D) and cellular (cellular) 

connections. A thorough classification of RR allocation algorithms may be achieved by categorizing them 

according to the amount of system control, which can be either centralized or distributed, and the level of 
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coordination between cells, which can be either single cell or multi-cell [9]. When using OFDMA, each and 

every cellular user is assigned to a sub-carrier, and the network is responsible for assigning each and every sub-

carrier [10]. When it comes to OFDMA, sub-carriers are referred to as sub-channels since they are used to 

support an important unit of RR allocation. Depending on the manner in which the subcarriers are distributed in 

order to construct each sub-channel.   

As can be seen in Figure 3, the RR allocation strategies may be broken down into three categories: the random 

type, the comb type, and the block type. In this study, the random kind of RR allocation is taken into 

consideration in order to prevent the waste of RR. The random form of RR allocation is characterized by the fact 

that each sub-channel is made up of a collection of sub-carriers that are distributed randomly over the whole 

spectrum. In the event that random type subchannels are employed, interference is introduced in order to get the 

desired adversity gain. According to this scenario, all pilots located over the full bandwidth might be exploited 

for the purpose of channel estimate between users of cellular networks and users of direct-to-die networks. 

These kinds of subchannels have a tendency to adjust the channel quality such that it is consistent over the 

whole band [11]. As a result, it is able to accommodate high mobility in each case, even when the quality of 

each sub-carrier regularly varies from one frame to the next.  

Results and Discussion    

  Results and Discussion  

   

      

It is probable that the graph that was indicated above would demonstrate how the amount of transmitter power 

that D2D devices need shifts depending on the distance that they are from the base station. It has the potential to 
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assist in optimizing resource allocation and ensuring effective communication in situations with a high density 

of devices. While the y-axis would show the strength of the transmitter in an appropriate measure, such as 

decibels (dB), the x-axis would represent the distance to the base station (BS) in meters. Through the use of 

PSO, the algorithm would dynamically distribute the power of the transmitter in accordance with the distance 

that separates the devices from the base station. When the distance between the two points grows, the amount of 

transmitter power that is necessary for reliable communication may also rise. This is necessary in order to 

overcome signal attenuation and keep the connection quality stable.  

 

   

  

 

                   

     

There is a connection between the maximum distance that a communication capable user equipment (CCUE) 

may be positioned from the base station, and this graph would depict that relationship. The y-axis would reflect 

the performance parameter, such as signal quality or throughput, while the x-axis would represent the maximum 

distance in meters that could be traveled between the CCUE and the BS. Both the dynamic allocation of radio 

resources and the optimization of communication between CCUEs and the BS would be accomplished via the 

use of the PSO algorithm. Changing the maximum distance that separates the CCUE and the BS would allow 

the graph to illustrate how the PSO algorithm adjusts to various circumstances and how well it works in certain 

circumstances. These findings would be very helpful in gaining an understanding of the trade-off that exists 

between the greatest distance and the performance of the PSO algorithm. Using this information, it would be 

possible to establish the best range within which CCUEs may be positioned from the BS in order to enable D2D 

communication that is both reliable and efficient.  
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    CONCLUSION AND FUTURE WORK  

In direct-to-device (D2D) communication, the most important problem to solve after device detection is 

resource allocation in order to minimize interference. For the purpose of providing a random-based resource 

allocation between cellular users and D2D users, a swarm-based radio resource allocation approach has been 

developed for use in inband underlay cellular networks. In this suggested model for an OFDMA network, the 

subcarriers for the uplink and downlink subchannels are taken into consideration. Consequently, the capacity of 

the system, frequency efficiency, and throughput are all improved. In addition, this work may be expanded to 

include scheduling between users of cellular networks and users of direct-to-device networks.  
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