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Abstract
Device-to-Device device (D2D) communication is a technology candidate to support the next generation of cellular communication networks. D2D can potentially boost the efficiency of frequency resources and system capacity. Generally, D2D performs in-band underlaying or shares frequency channels with traditional cellular users, which can cause co-channel interference problems between these two types of users. This paper offers a solution through a clustering method for D2D users (DUEs) to reduce interference among DUEs. Clustering The clustering method is performed on DUEs by allocating different frequency channels in a group, in order to minimize the interference effects experienced. Thus, it is expected that through this proposed method, both D2D and cellular users can experience better signal quality with minimal interference effects. Two systems have been considered i.e., the conventional/baseline system and the system with the proposed method. The simulation results show that the signal-to-interference-plus-noise ratio (SINR) values and throughput for the system with the proposed method have increased compared to the baseline system. The SINR result obtained is 16.8 dB for the baseline system and 17.68 dB for the proposed system, resulting in an improvement of 5.4%. Therefore, applying the proposed clustering method can increase the acceptability of the desired signals for the observed DUEs. Then, the throughput value also increases by 5%, i.e., from 56.17 to 59 Mbps. This result implies that the system with the proposed clustering method increases data transmission speed better than the baseline system.
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Introduction
The telecommunicationsTelecommunications services have matured significantly in recent years, particularly regarding cellular data trafficstraffic. This happened due to the exponential increase in the use of smartphones and other portable devices that provide voice, data, and multimedia services [1], [2]. The fifth generation (5G) of cellular technology has now started to influence the industryindustry, while the sixth generation (6G) research has also been initiated. For these reasons, people expect a technologytechnology that can keep up with the ascending demand for services. Data speeds, spectral efficiency, power consumption, and other benefits in crowded mobile communication networks can all be enhanced by device-to-device communications (D2D communication), according to a study in [3]–[5]. D2D communication consists of two-user pairs, which can communicate directly without going through a base station (BS) as a transceiver (transmitter and receiver) station [6]. The implementation of the D2D network will contribute to the future commercial D2D communications for mobile systems in addition to essential and emergency communications, such as public safety communications [7], close proximity services [8], etc.[bookmark: _Hlk91702109]* Corresponding Author. 
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Figure 1. Frequency spectrum division of in-band underlay and overlay of D2D 
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Figure 1. Frequency spectrum division of in-band underlay and overlay of D2D.


In enabling D2D communications into wireless cellular communications, D2D communications share the frequency spectrums with existing cellular communications, that which is referred to as in-band D2D. There are two types of spectrum usage for in-band D2D communications. Figure 1 shows the division of the spectrum into two types for in-band D2D communications. The majority of D2D relatedD2D-related literatures literature suggest suggests separating cellular spectrum uses for D2D users and cellular communication users (commonly referred to as in-band D2D). Underlay in-band D2D, which divides the frequency channels with cellular users in order to conserve the frequency spectrum, will cause the interferences [9], [10]. Some literatures literature suggest suggests reserving a portion of cellular resources (in-band overlay D2D) just for D2D communication in order to prevent interference issues [11], [12]. Resource allocation becomes very important so that dedicated mobile resources are not wasted. Other researchers proposed adopting out-band D2D communication instead of in-band in cellular networks so that the valuable cellular frequency spectrum is not affected by D2D communication [13]. However, most of the literatures literature that suggests out-band D2D communications proposes the usage of ISM (industrial, scientific, and medical) frequency spectrum [14], [15]. The ISM band is best known as the crowded frequency spectrum due to the unlicensed feature of the ISM band [16].
	






This paper focuses on the D2D in-band underlay. D2D communication shares a similar frequency bandwidth with cellular users [17], so even though the implementation of D2D communication provides various advantages, it also creates interference due to the use of the same frequency bandwidth. Furthermore, the more D2D users spread across a network, the heavier the interferences that D2D user pairs and cellular users suffer [18]. Due to this reason, a solution is required to address the issues caused by the existence of D2D users. Thus, this paper proposes a clustering method for D2D users to reduce the interferences interference effects among D2D communication pairs. Clustering is a method for grouping users deployed across a cellular network. The clustering method is applied to D2D users assigned to different frequency channels to form a cluster to reduce interference among other nearby D2D users. A similar pattern of the frequency channel assignments is replicated in other clusters. By this intuition, it is expected that the interferences’ effects among the D2D communications pairs will be lowered and the performance improvements for D2D communications are will remain satisfactory.
  References [1], [3], [8], [19] apply the cluster Poisson process (PCP) for D2D clustering modeling, meanwhile reference [10] applies the spatial homogeneous point Poisson process (SPPP) for authentication modeling correlation between D2D nodes. Reference [7] applies two clustering methods in D2D, namely random-based clustering (RBC) and channel-gain-based clustering (CGBC). References [20], [21] focus on using cluster head (CH) selection and K-means algorithm, respectively, to maximize energy efficiency and minimize interference from multicast D2D networks. Reference [22] uses interference-aware graph-based user clustering. However, these aforementioned clustering methods face more complex methods in the calculation analysis and algorithm implementation. Our paper proposes another simple clustering method, namely distance-based clustering. This proposed clustering method groups a number of adjacent D2D users forming a cluster and there will be many clusters in the considered system. In a cluster, an a D2D user and its pair establishing a D2D pair are assigned a frequency channel when communicating. Furthermore, each D2D pair in a cluster is assigned a different frequency channel to other D2D pairs, thus there should be no interference among D2D pairs in a cluster. This frequency channel assignment procedure is repeated for all clusters. Among the clusters, a designed frequency reuse factor is applied. Our proposed clustering method assures that no adjacent D2D pairs are assigned the same frequency channels, reducing the effects of co-channel interferences among D2D users.
The rest of this paper is structured as theas followingfollows. Following this introduction section, the methodology is presented in Section 2. Section 2 describes the proposed clustering method, cellular network scenarios used, in the analysis, and simulation parameters. Section 3 presents the results and its discussions. The results and discussion section deliberate about the results of a comparison of the systems without and with the proposed method by calculating the signal to interferencesignal-to-interference plus noise ratio (SINR), throughput, and their cumulative distribution function (CDF) values. This paper is concluded in Section 4. 
Methodology
This paper considers cellular communication networks with two types of users: cellular users (CUE/cellular user equipment) and D2D-communication users (DUE/D2D communication user equipment). Cellular communication networks are considered at downlink transmissions and are applied orthogonal frequency division multiple access (OFDMA). There are two scenarios of considered cellular communication networks. The first scenario is a cellular communication network consisting of three microcells that is are applied a frequency reuse factor (FRF) value of 1. D2D users use the same frequency channel as applied for CUEs (underlay in-band frequency). DUE and CUE are randomly distributed following a uniform distribution at downlink transmission of traditional cellular communications. Thus, both CUE and DUE will suffer interferences due to the use of the same frequency channel caused by ENodeBs (evolved node B) or other DUEs’ transmitters, since DUEs share a frequency channel with CUEs (in-band underlay D2D) in this paper. Note that in this first scenario, the usage of frequency channels for D2D communications is assigned randomly following FRF of 3. The second network scenario is the system of the first scenario that is applied to a proposed clustering scheme. The proposed clustering scheme is discussed in a sub-section of this section. 
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Figure 2. Frequency channel allocations for DUEs and CUEs.



All network scenarios follow a sub-bandwidth assignment which is designed in this paper according to the network scenario. Figure 2 represents the frequency spectrum division that is allocated for the two types of users. We set a system bandwidth of 10 MHz and then divide the total channel into four sub-channels. It should be noted that DUEs are allocated 75 percent of the total channel, and CUEs are assigned to use the entire total bandwidth. It is purposed for protecting a portion of CUEs from the interferences caused by the DUEs. Note also that the sub-bandwidth allocations for CUEs and DUEs in Figure 2 is are for the clarity of discussions in the next sub-section applying the frequency channel assignments in the proposed clustering scheme.[image: ]
Figure 2. Frequency channel allocations for DUEs and CUEs.
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Figure 4. The proposed clustering method.

	





TheThe Traditional versus Versus Proposed Clustering Method Network Scenarios
Figure 3 shows a scenario of a multicell of wireless cellular communication network in the presence of DUEs and CUEs. Since DUEs and CUEs share the same frequency spectrum, there is an advantage to sharing a frequency channel, i.e., the use of the channel for the whole system becomes more efficient. However, it should also be noted that sharing channels between the two types of users will result in co-channel interferences or interferences caused by the usesuse of the same channel. In Figure 3, the frequency channel assignments follow the sub-bandwidth allocations in Figure 2 for each cell. Moreover, the assignments of frequency channels for DUE do not consider the locations of DUEs. It is assigned according to the presence of DUEs. Then, it can be noticed that the DUEs likely experience a decrease in signal quality due to the presence of another other DUEs that use the same channel and are close to one another. Therefore, a solution is needed to suppress such co-channel interferences at on the DUEs’ side.
	[image: ]
Figure 3. Traditional cellular network scenario.





A clustering method is proposed in this paper to minimize interference effects suffered by DUEs, especially interferences caused by other DUEs. This clustering method will be implemented for the DUEs side. The clustering method works by adjusting the DUE channel allocations of a group of three-DUEthree DUE pairs with different frequency channels, as illustrated in Figure 4. It means that we apply FRF of 3 for DUEs DUE clusters. This method is proposed to keep D2D users away using the same frequency channels from one to another.[image: ]
Figure 5. The flowchart of proposed clustering method.
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TheThe clustering method works by firstly first determining a DUE pair as a reference to form a cluster. This reference DUE pair then calculates its distance to other nearby DUEs DUE pairs. Two The two nearest DUE pairs from the reference DUE pair are selected as its cluster members. So, it forms three-DUEthree DUE pairs as a cluster. Having determined a cluster, the previously referenced DUE pair will select the next DUE pair as the next reference DUE pair. This The following reference DUE pair is selected from the third DUE pair close to it. Having selected the next reference DUE pair, the algorithm of forming a cluster repeatscluster repeats until the last DUE pair reached reaches in a microcell area. Figure 5 depicts the flowchart of proposed DUEs cluster formation that is illustrated in Figure 4. The channel allocations in a cluster follow the channel allocations shown at the bottom of Figure 2. [image: ]
Figure 5. The flowchart of proposed clustering method.
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Figure 3. Traditional cellular network scenario.
TABLE 1
Parameters Setting 
No.
Parameter
Value
1
The number of microcells
3
2
Frequency reuse factor of microcells
1
3
Microcells radius 
500 meters
4
ENodeB transmit power 
40 dBm
5
Transmit power of DUE transmitter
23 dBm
6
DUE pair distance 
10 meters
7
Number of CUE (each microcell)
120 users
8
Number of DUE pairs (each microcell)
120 users
9
System Bandwidth
10 MHz
10
Noise Power 
-174 dBm/Hz
11
Simulation iterations
5,000 



From Figure 4, it can be seen that after the clustering method is applied, the distance between DUE pairs that use the same frequency channel becomes farther away, reducing co-channel interference (interference from using the same channel among D2D pairs). In other words, the clustering method that will be used is based on the distance between the scattered DUEs, so that it will decrease the possibility of co-channel interferences that will occur. The implementation of the proposed clustering method in the simulation scenario is illustrated in Figure 6.
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Figure 6. Cellular network scenario with clustering method.
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Figure 6. Cellular network scenario with clustering method.

System Model and Performance Analysis 
We simulate two network scenarios of three microcellular networks with FRF of 1 that are early earlier described. The radius of each microcell is set to 500 meters. In the simulation experiment, the number of DUEs DUE pairs and the number of CUEs deployed in the networks are 120 each in each microcell. All of them are randomly deployed following a uniform distribution. The distance between the D2D pair is set to 10 meters. The transmit power of ENodeB applied to the microcell is 40 dBm and the transmit power of the DUE transmitter is 23 dBm. The total system bandwidth is set to 10 MHz.MHz. Noise power spectral density is set to -174 dBm/Hz. The simulation experiment is run 5,000 times, and the performance parameters i.e., SINR and throughput, are collected for each simulation run. These performance parameters are averaged for 5,000 times of simulation runs. Table 1 summarizes the simulation parameters. 
In this paper, we consider channel losses caused just by the distance between transmitter and receiver i.e., path-losspath loss. Since the network scenario consists of traditional cellular and D2D communications, there are two path-loss models applied in the network scenarios: the path-loss of CUE () in (1) [23] and the path-loss of DUE () in (2) [24]. The  path-losses path losses in in these models are represented in the values in dB units, with distances between CUE () and DUE () in kilometers.
	[image: ]
Figure 7. DUEs’ analysis of cellular network scenarios.


		              (1)

				              (2)
The calculation of the path-losspath loss will be used to calculate the value of the received power, both for the desired signal power and the interference signal powers at the CUEs and DUEs in which SINR calculation depends on these received powers. So do it influence influences the calculation of throughput. The expected receive power and the interference powers can be measured using (3).
		 	              (3)
where where  denote the expected  receive  power in dBm by the observed DUE or CUE, is the transmitted power by ENodeB or DUE transmitter, and  is the path-loss in dB unit ( or ).
	TABLE 1
Parameters Setting 
	No.
	Parameter
	Value

	1
	The number of microcells
	3

	2
	Frequency reuse factor of microcells
	1

	3
	Microcells radius 
	500 meters

	4
	ENodeB transmits power 
	40 dBm

	5
	Transmit power of DUE transmitter
	23 dBm

	6
	DUE pair distance 
	10 meters

	7
	Number of CUE (each microcell)
	120 users

	8
	Number of DUE pairs (each microcell)
	120 users

	9
	System Bandwidth
	10 MHz

	10
	Noise Power 
	-174 dBm/Hz

	11
	Simulation iterations
	5,000 
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Figure 7. DUEs’ analysis of cellular network scenarios.



 Figure 7 is an illustration of the observed DUE receiving the expected signal and interference signals from other transmitters (other DUEs and ENodeBs). The SINR for CUE, , and SINR for DUE, , are obtained from the interference scenario illustrated in Figures 3 and 6, so that SINR can be obtained from (4) and (5).
		(4)
	
where 

		(6)
		(7)
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 	              (7)
	




The flowchart of the simulation program carried out in this paper is shown in Figure 8. The first step is to set the simulation parameters such as the coordinates of the EnodeB microcell, the number of EnodeBs and DUEs, transmit powers of DUE transmitters and ENodeBs, the system bandwidth that is being used, etc, according to the simulation parameters in Table 1 and described previously. Then, DUEs and CUEs are distributed randomly following a uniform distribution. As a control link, EnodeB assigns frequency channels accordingly to DUEs using the clustering method. It then determines the power expected by the DUE receiver from its pair, i.e. its corresponding DUE transmitter. Then, the simulation calculates the interference and noise power received by the DUE. The final step is calculating SINR and throughput determined during simulation iterations and its average values and then analyzing the results.[image: ]
Figure 8. The flowchart of simulation program.g
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By determining the performance metrics of SINR and throughput, we can identify outage probability for the considered network scenario. Outage probability can be obtained by analyzing the cumulative distribution function (CDF) of the random variables of SINR and throughput. It is depicted in (8)  as the following [26].[image: ]
Figure 9. The SINR simulation results for DUEs.

	 		              (8)
This CDF represents that the probability of a random variable X takes a value less than or equal to x. In this case, the random variables in our analysis are SINR or throughput.
Results and Discussion
This paper compares the performance parameters of SINR and throughput between the systems without and with the proposed clustering method. The system without the clustering method is called the baseline system in this paper.  CDF results for SINR and throughput are also displayed in this paper to see the distribution of the obtained simulation results. Hence, the outage probability can be analyzed. This analysis focuses on the increase of in the number of CUE and DUE receivers. It should be noted that the proposed clustering method only applies to the D2D communication side. The CUE performance analysis is carried out also in this paper for the purpose of a comparison to perceive the effects of applying the proposed clustering method to D2D communications that is are deployed in wireless cellular networks.
1. Analysis of DUE Performances
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Figure 9. The SINR simulation results for DUEs.




Figure 9 shows the results of the comparison of the SINR value to the increase of the number of DUEs for two considered network scenarios i.e., the scenario for the baseline system and the scenario for the system with the proposed clustering method. It can be seen that the value of SINR decreases as the number of DUEs that is are deployed increases. The SINR value for the baseline system with the number of DUE pairs equals equal to 120 reaches 16.8 dB. Meanwhile, the system with the proposed method obtains the SINR value of 17.7 dB. It can be said that the system with the proposed clustering method is able to increase the SINR value with an improvement of 5.4%. It implies that the proposed clustering method can guarantee the distance of DUE pairs that are allocated the same frequency channel away from one to another and even the number of DUE pairs is high creating dense D2D pairs deployed in the system.


The CDF value for SINR obtained from Figure 9 is depicted in Figure 10. The graph shows in detail that there is a fairly large gap in SINR values between the two systems. When we consider the SINR value of 18 dB, the results show that when the SINR value that is less than or equals equal to 18 dB for the baseline system reaches 60%, while the for the system with the proposed method it obtains a CDF value of 24%. It implies that the baseline system has a higher outage probability compared to the system with the proposed clustering method.
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Figure 10. The CDF of SINR simulation results for DUEs.





 
	




Figure 11 is the result of the throughput values obtained from the simulation for two systems. Overall, the throughput value obtained has the same trendline as the previous SINR results. Therefore, the proposed method provides a better value than the baseline system. For the baseline system, the final throughput obtained is 56.17 Mbps, whereas, for the system with the proposed clustering method, the throughput value is 59 Mbps, both evaluated when the number of D2D pairs is 120. It means a 5% improvement. The CDFs of the throughput is are described in Figure 12. The throughput value which is less than or equals equal to 60 Mbps for the baseline system and the system with the proposed clustering method is 60% and 22.5%, respectively. Similar implications as in the SINR performance results apply for to the throughput performances. So, it can be concluded that the proposed clustering method provides a better delivery of transmission rate than the baseline system. However, our clustering method does not consider the mobility of DUEs. Regarding mobility, our clustering method needs to re-form the cluster, which increases the complexity and power of algorithm calculations.[image: ]
Figure 10. The CDF of SINR simulation results for DUEs
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Figure 11. The throughput simulation results for DUEs.
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Figure 12. The CDF of throughput simulation results for DUEs.
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Figure 13. The SINR simulation results for CUEs.


1. Analysis of CUE Performances
	



Figure 13 shows the simulation results for comparing the SINR values received by CUEs due to the presence of DUE in the network scenarios, by analyzing the two network systems. The simulation results obtained are that the SINR value for the system with the proposed  [image: ]
Figure 12. The CDF of throughput simulation results for DUEs.
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Figure 11. The throughput simulation results for DUEs.


clustering method has slightly decreased compared to the baseline system. The SINR results for the number of 120 CUEs are 28.4 dB for the baseline system and 26.8 dB for the system with the proposed clustering method. Even though applying the proposed clustering method decreases the SINR value for CUE, the decrease given is not too significant and the value obtained can still provide good signal quality for CUE. It means that by enabling D2Ds, the performances of CUEs are not degraded much. Moreover, with the proposed clustering method, the network still serves the CUEs with good performances. 

	






The CDF values for the SINR of CUEs are shown in Figure 14. Overall, the resulting graphs have a slight gap between the values. For the system with the proposed method, the CDF value obtained is 42.5% and for the baseline system, it is 47.5%. Both are evaluated for a SINR value of less than or equal to 30 dB. The SINR values obtained between the two systems are still quite good even though there are DUEs that contribute co-channel interferences to CUEs.
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Figure 13. The SINR simulation results for CUEs.
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Figure 14. The CDF of SINR simulation results for CUEs.







For analysis of the throughput, simulation results obtained by CUEs are shown in Figure 15. The throughput values are directly proportional to the SINR which has been described previously. The throughput of the baseline system is slightly superior compared to the throughput of the system with the proposed clustering method. The throughput values obtained for the two systems include 94 Mbps for the baseline system and 89.2 Mbps for the system with the proposed clustering method. It implies that our proposed clustering method works well without the significant degradation of CUE performances.[image: ]
Figure 16. The CDF of throughput simulation results for CUEs.
Table 2
The Comparison to Previous Research Results 
Ref.
Methods
Results
[7]
D2D with Random-Based Clustering (RBC) and Channel-Gain-Based Clustering (CGBC) schemes
The proposed method is able to reduce the delay to less than 20 ms.
[10]
Proposed method by setting the clustering size from users
Networks with the smaller clusters achieve large gains but experiencing a bit delay
[19]
In-band communication with cluster Poisson under a cluster-centric caching strategy
The cluster-centric caching strategy increases the probability of a cache hit of DUEs up to 80% for the number of requests.
[21]

Users clustering in a D2D multicast content sharing scenario
The proposed scheme reaches the energy efficiency up to 7%.
[22]

Clustering methods based on graph-based interference and k-means clustering
The graph-based interference method increases the spectral efficiency by up to 4% compared to k-means clustering.
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Figure 14. The CDF of SINR simulation results for CUEs.
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Figure 15. The throughput simulation results for CUEs.
[image: ]
Figure 16. The CDF of throughput simulation results for CUEs.


The CDF values of the throughput obtained by both systems are depicted in Figure 16. When the throughput is less than or equal to 120 Mbps, the results obtained for the two systems include 45% for the baseline system and 50.8% for the system with the proposed clustering method. The throughput simulation results for CUE are quite good for both systems.
A comparison of the results from other related works available in the literature is presented in Table 2. Our paper simulates a multicell scenario with downlink transmission by analyzing two types of users (DUE and CUE) which it is our contributions. Based on the simulation, the proposed clustering method is able to increase the SINR value with an improvement of 5.4%.
Conclusion
Deployment of DUE in a cellular network provides a good advantage in network systems because this technology promises better frequency channel efficiency and has the potential to support higher-level communication technologies. However, enabling D2D faces interference problems. This paper proposes a clustering method on the D2D side to reduce the interference effects. The proposed clustering method can suppress interference that occurs in cellular networks, especially interference received from other DUEs i.e., co-channel interferences, and is close to the DUE being observed. The simulation results show that the comparison of the SINR values between the baseline system and the system with the proposed clustering method has increased by 5.4% from 16.8 to 17.68 dB, and the throughput value has increased from 56.17 to 59 Mbps i.e., an improvement of 5%. Since the proposed clustering method focuses on reducing interference effects at the D2D side (DUE), it is suggested to consider reducing the interferences at the DUE and CUE sides. As our clustering method does not consider mobility for DUEs, it is possible to consider mobility since it needs to re-form the cluster and it increases the calculation complexity. As other clustering methods are available in the literature, it is beneficial to compare our proposed clustering method to other clustering methods in the literature in terms of simulation experiments.
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Figure 15. The throughput simulation results for CUEs.
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Figure 16. The CDF of throughput simulation results for CUEs.


A comparison of the results from other related works available in the literature is presented in Table 2. Our paper simulates a multicell scenario with downlink transmission by analyzing two types of users (DUE and CUE) which it is our contributions. Based on the simulation, the proposed clustering method is able to increase the SINR value with an improvement of 5.4%.
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	Table 2
The Comparison to Previous Research Results 
	Ref.
	Methods
	Results

	
	D2D with Random-Based Clustering (RBC) and Channel-Gain-Based Clustering (CGBC) schemes
	The proposed method is able to reduce the delay to less than 20 ms.

	[10]	The proposed method by setting the clustering size from users
	Networks with smaller clusters achieve large gains but experience a bit of delay

	
	In-band communication with cluster Poisson under a cluster-centric caching strategy
	The cluster-centric caching strategy increases the probability of a cache hit of DUEs up to 80% for the number of requests.

	

	Users clustering in a D2D multicast content-sharing scenario
	The proposed scheme reaches the energy efficiency of up to 7%.

	

	Clustering methods based on graph-based interference and k-means clustering
	The graph-based interference method increases the spectral efficiency by up to 4% compared to k-means clustering.


   




A comparison of the results from other related works available in the literature is presented in Table 2. Our paper simulates a multicell scenario with downlink transmission by analyzing two types of users (DUE and CUE) in which it is our contributions. Based on the simulation, the proposed clustering method is able to increase the SINR value with an improvement of 5.4%.[image: ]
Figure 15. The throughput simulation results for CUEs.

Conclusion
Deployment of DUE in a cellular network provides a good advantage in network systems because this technology promises better frequency channel efficiency and has the potential to support higher-level communication technologies. However, enabling D2D faces interference problems. This paper proposes a clustering method on the D2D side to reduce the interference effects. The proposed clustering method can suppress interference that occurs in cellular networks, especially interference received from other DUEs i.e., co-channel interferences and are close to the DUE being observed. The simulation results show that the comparison for the SINR values between the baseline system and the system with the proposed clustering method has increased by 5.4% from 16.8 to 17.68 dB, and the throughput value has increased from 56.17 to 59 Mbps i.e., an improvement of 5%. Since the proposed clustering method focuses on reducing interference effects at the D2D side (DUE), it is suggested to consider reducing the interferences at the DUE and CUE sides. As our clustering method does not consider mobility for DUEs, it is possible to consider the mobility since it needs to reform the cluster and it increases the calculation complexity. As other clustering methods are available in the literature, it is beneficial to compare our proposed clustering method to other clustering emethods in the literature in terms of simulation experiments.
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