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Abstract

For D2D communication to take advantage of various new services introduced by 3GPP project, D2D devices
are required to form clusters. Clustering enables proximate devices to communicate and share common
resources, thus saving scarce network resources such as bandwidth and energy. The implementation of cluster
in cellular networks (especially 5G/6G) leads to better energy/spectral efficiency and traffic signaling reduction
than the traditional non-clustered cellular networks. Though elaborate work on the survey and classification of
clustering algorithms in cellular networks have been done by some literatures, but a review of details of
clustering techniques in D2D communications is lacking. The several benefits of clustering demand that various
aspects of clustering in D2D communications be reviewed. Thus the aim of this paper is to review various
clustering approaches in D2D communications, including the techniques adopted and their performances.
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I.  Introduction

The previous cellular generations are network centric, meaning that they rely on base station for
network setup and coordination. But 5G and future generations are expected to be device centric, which implies
that the devices not the base station manage the set up of the network. Device-to-device (D2D) communication
is an integral part of 5G network. It enables cellular devices to discover and communicate with one another
without necessarily having the assistance of evolved NodeB (eNodeB) or base station [1][2].

D2D communication offers many benefits. Due to the fact that short links exist between the proximate
communicating devices, power saving is enhanced in D2D system more than the traditional cellular networks. In
addition the flexibility of D2D enables it to offload traffic form the core network. This further improves the
performance of D2D significantly because the overload density of the cellular system is reduced, thus reducing
the transmission delay, provides high data rate and enhances energy savings [3]. In event of disaster that
disrupted core network infrastructure, D2D can provide alternate access to cellular services, thus playing a key
role in national security and public safety services [4].

The authors in [5] pointed out that in addition to mobility management, resource allocation and
connection management, cluster formation is one of the factors that determine the D2D effectiveness. According
to [6], for D2D communication to take advantage of various new services introduced by 3GPP project, D2D
devices are required to form clusters. Through clustering, proximate devices communicate and share common
resources, thus saving scarce network resources such as bandwidth and energy. Clustering allows the network to
be divided into groups of geographically proximate devices. This efficiently simplified and optimized network
function [7].

Various literatures agreed that cluster implementation in cellular networks (especially 5G/6G) leads to
better energy/spectral efficiency and traffic signaling reduction than the traditional cellular networks [8][6][9].
Clustering is an important scheme that helps in network resource utilization and scalability [10][11]. According
to [12], future generation mobile networks will possess three major attributes, namely: ultra-densification
(having larger number of device per a unit area), heterogeneity (having various and diverse range of devices)
and variability (bursty or high peak rate arising from traffic generated by heterogeneous network elements).
Thus, the authors in [12] pointed out that the future generation network can use clustering to cater for these
attributes. This is possible because clustering can divide network elements that have common characteristics or
behaviors into logical groups. The common characteristics include relative speed, social tie, or degree of
centrality. Such grouping will enable similar nodes to optimally access resources, achieve network stability,
minimize network congestion and enhance spectral efficiency.
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Various literatures have described and investigated the application of clustering in various networks
such as vehicle ad hoc networks (VANETS) [13], mobile ad hoc networks (MANETS) [14] and wireless sensor
networks (WSNSs) [15]. Also, the work by [12] did elaborate work on the survey and classification of clustering
algorithms in 5G networks. But a review of details of clustering techniques in D2D communications is lacking
in literatures. The several benefits of clustering demand that various aspects of clustering in D2D
communications be reviewed. Thus the aim of this paper is to review various clustering approaches in D2D
communications including techniques and performance.

Il.  Clustering Algorithms in D2D

Various algorithms exist for organizing data into clusters and each has its own strengths and
weaknesses. There is no general consensus on the best algorithm to choose, and in practice achieving perfect
separation of objects using a clustering algorithm is difficult. But it is expected from a good clustering algorithm
to be able to generate cluster groups with distinct non-overlapping boundaries. Furthermore, clustering
algorithms take numerous parameters and they have to cope with noisy, sometimes incomplete/sampled data,
making them to have considerable varying performance for different applications and data types [16].

Various clustering algorithm have been applied in by authors to address clustering in D2D enabled
networks. According to [17], clustering algorithms in D2D are categorized into hierarchical based, distance and
similarity-based, graph theory-based, squared error-based and density based clustering algorithms. Some of the
algorithms proposed for D2D enabled networks include [18], who applied K-means Algorithm to cluster D2D
device based on the value of interference between them. In another work, Genetic Algorithm (GA) and K-means
algorithm was adopted in [19]. LEACH and related enhancements have been proposed in many literatures such
as [20][21][22]. Recent literatures such as [17] and [23] have adopted and applied machine learning to clustering
in D2D and D2D communication in general.

It was pointed out in [24] that there are three key features of D2D clustering algorithms. First is the
ability to select or identify CH, Second is the grouping or clustering of CMs (which involves the
association/dissociation of CMs to or from CH). The third is communication, i.e. intra-and inter-cluster
communication. In addition, clustering algorithms are required to target some parameters such as the cumulative
throughput of the cluster, the QoS, spectrum utilization and the maximum number of CMs in a cluster.

I11.  Clustering Techniques in D2D
In D2D communication, cluster formation can take various structures or shapes. Devices can form
clusters and share information directly. Cluster members may or may not communicate directly with the base
station or eNodeB. Figure 1 shows cluster formation structure that implements the utilization of CH by CMs for
communication with eNodeb.

eNodeB

Figure 1: Various Cluster Structures with Cluster Heads [6]

In figure 1, it is assumed that the CMs (i.e. UES) communicate with the eNodeB through the CHs
(CH2, CH3) or through transit nodes (CH1, CH31, CH32, CH33). The shape of the cluster so formed could be
tree-like (with CH and other transit nodes) or star-like (with single transit node). The structure so formed may or
may not involve the functionality of the network [6].

There are various techniques, clustering metrics or criteria adopted in D2D clustering. But no matter
the technique adopted, cluster formation seeks to enhance a set of objectives. According to [12], these objectives
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include cluster stability, QoS satisfaction, load balancing and social awareness. Failure of clustering technique
to achieve QoS would lead to packet loss, latency and low throughput. The inability of a technique to ensure
load balance will result in network congestion, and handover or clustering overheads. A low social aware
clustering technique would likely increase the number of clusters and re-clustering occurrence.

Some literatures proposed clustering metric that rely on distance; others adopted network performance
metrics such as throughput to form clusters, while some investigated social aware clustering methods. Other
various metrics adopted for cluster formation and re-clustering include the number or size of cluster devices,
device mobility, device geographic location, the transmit power and residual energy [12]. On the other, some
literatures adopted the use of mixed metrics to ensure good satisfaction of clustering objectives.

It was pointed out in [12] that using geographic metric in cluster formation helps to achieve some
objectives which include enhancement of cluster stability and creation of social awareness. These objectives are
achieved because proximate devices would likely have common social interests, and can form cluster with
reduced distance between the CH and the CMs thereby minimizing the energy dissipation of the CH which in
turn prolongs its lifetime and that of the cluster. Similarly, using mobility and residual energy as metrics also
enhance cluster stability by reducing the rate of occurrence of re-clustering. In addition, residual energy as a
metric improves the QoS due to reduction in packet loss arising from disconnection that happens when device
with less energy is chosen as a CH. Furthermore, social tie can be used as a base to identify the request or
demand for cluster resources. Thus using social tie as metric helps to achieve the objective of social awareness
and it indicates the strength and nature of relationships that exist among the nodes with regards to interests,
attributes and behaviors.

In cluster formation that considers network performance, a number of literatures considered algorithms
that assumed the spectrum utilization efficiency as the major clustering criterion, but the work in [6] suggested
that there is need to also consider the channels’ bandwidth between the CMs and the CH when implementing
cluster algorithms. Contrary to some authors that used distance between the CH and the CMs as the metric for
optimization of clustering, the authors in [6] used cluster throughput as the optimization metric and considered
uniform and normal cluster members’ distributions in their work. In addition, distribution of cluster members for
large and small numbers of clusters was obtained using K-means and FOREL algorithms. Considering resource
utilization and distribution, it was observed that K-means provides better clustering than FOREL algorithm. In
addition, average throughput between the CH and the CM for normal distribution is more than two times larger
than the uniform distribution.

Instead of a single metric, mixed metric was adopted by some authors to form cluster. For instance, an
algorithm that uses distance and SINR as the parameters in cluster formation was proposed by [25]. The result
from simulation indicates that energy efficiency and network capacity are improved. Similarly, a model that
incorporated both social interactions and physical relationship among the D2D devices was proposed by the [8].
The physical relationship in this case is the distance between the devices. The authors opined that social
interaction profiles of the user equipments (UEs) greatly affect the effectiveness and the efficiency of cluster
formation in D2D. The results from the work showed that in terms of throughput, energy efficiency and power
consumption, the proposed model has better performance than other models that depend only on the physical
distance between D2D devices.

In addition, a methodology that uses LEACH algorithm and distance based resource allocation (RA) in
D2D over LTE-A network was proposed by [21]. The authors proposed cluster formation technique that has the
ability to form social aware clusters. This technique proposed by the authors allocates resources based on the
QoS and the distances between the CMs and the CHs. The use of resource allocation minimizes signaling
overhead and interference level. The inclusion of clustering algorithm to the methodology minimizes power
consumption and improves the efficiency of the system. On the other hand the work by [24] investigated two
clustering schemes. The schemes are dynamic formation of clusters by means of cluster head and a threshold-
based cluster formation approach. The investigation of the two schemes showed that cluster head driven
approach has high energy efficiency, but low coverage ratio. On the other hand, threshold approach handled
tradeoff between energy efficiency and convergence ratio.

Another clustering scheme proposed in literature adopts energy harvesting D2D clustering model. This
work described in [4] was proposed to provide energy savings during disaster or emergency situation for both
UEs and CH by using the concept of power transfer/harvesting in D2D cluster formation. The idea is to have
cluster formation among the participating UEs in a manner that would minimize the average energy
consumption. The results form simulation showed that the proposed model enhances energy savings for both
UEs and CH. In addition, the results of their work showed that there is a linear increase in energy consumption
for clustered D2D, whereas there is an exponential increase in energy consumption for non-clustered D2D.
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The summary of various metrics adopted in various literatures to cluster devices in D2D Communication is
shown in Table 1.

Table 1: D2D Clustering Technique/metrics Adopted in Literatures

Literature Clustering Technique/Metric Key Conclusion
[6] Cluster throughput Increase in network resource utilization rate
[25] Distance and SINR Improvement in energy efficiency and network capacity
[8] Distance and social interactions The model outperforms algorithms that consider only distance as a
metric
[24] Cluster head and threshold-based cluster Cluster head approach has high energy efficiency. Threshold
formation approach handled tradeoff between energy efficiency and
convergence ratio
[21] LEACH algorithm, QoS and distance based ~ RA minimizes signaling overhead and interference level. Clustering
RA algorithm minimizes power consumption
[4] Power transfer and energy harvesting Energy savings for both UEs and CH are enhanced.
[44] Distance and channel conditions Improvement in energy consumption, better area spectral efficiency
(ASE)

IV.  Physical versus Social Domain

In addition to physical factors such as mobility, the stability of links or clusters in D2D communication
is affected by the degree of relationship among the users. When the degree of social relationship is not
sufficient, it could result in frequent link failure or re-clustering, thereby reducing the users’ quality of
experience. Thus recent literatures have integrated social network and social domain information in the
formation of D2D clusters.

The work by [26] pointed out that currently researchers are developing interest on the interplay between
D2D communication and social-enabled networks/networking. Social-enabled D2D communications involves
the discovery and utilizing the social interaction patterns that exist between the social network entities (people
and objects) to improve the D2D communications’ efficiency based on proximity information. For instance, the
authors in [27] proposed the use of social ties as a motivation to enhance D2D communication. In this regard,
the authors postulated that there is higher probability to select a node as a CH or relay from two peers if the tie
between them is stronger.

A good number of literatures have considered physical attributes such as mobility, device location or
link quality as major determining factors in D2D cluster formation. But recent studies have shown that D2D
communication performance is strongly related to the social relationships that exist among the users. According
to [28], the social relationship attributes can be reflected by degree of trust and the similarity of demands. In
addition, social stability among the users affects the stability of clusters formed. The authors further pointed out
that the stability of communications links among D2D users can only be achieved when both the physical and
social links among them are strongly stable. Hence the physical and the social domains are related and the
relationship that exists between them is shown in figure 2.

@ X - Social domain
/
/
/

Figure 2: The Physical and social domains relationship of D2D communication users [28]

To cater for video file distribution, the authors in [28] proposed a user-demand/information aware D2D
multicast clustering algorithm. The willingness of a user requesting for a video is evaluated based on the history
of the user’s viewing behavior and the popularity of the video. Both the social ties and users’ channel quality
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information are taking into account. The result from their work showed that the system transmission rate is
enhanced and hence the throughput, the energy and spectral efficiency are improved. Similarly, in a network,
some users may have interest in same content. An algorithm that groups users which have interest in the same
content into clusters was proposed by [9]. The result of their work showed a high reduction in energy when
more than one CH is utilized.

To increase the system rate, admission-policy based D2D clustering scheme was proposed by [29]. In
addition to two attractive functions presented which considered social interaction, location and energy balance,
the authors also derived the probability of the arrival user joining a certain D2D cluster based on Chinese
Restaurant Process (CRP) algorithm and designed a matching function to assign optimal D2D cluster for each
arrival user. The results from simulation showed that the proposed scheme leads to good performance in terms
of the system rate and the D2D clusters’ stability.

In summary, social ties among the D2D users play important role in cluster formation. In addition,
algorithms that take into account the social factors among users seem to have better performance than
algorithms that considered only the physical factors.

V.  Cluster Head/ Relay Selection
Devices in a cluster can operate in offline condition without being connected to the eNodeB. While
some of the CHs only coordinate the CMs, some also act as a relay and communicate to other CHs or the base
station. Traffic circulates directly between the cluster devices, but can be transmitted outside of the cluster to the
eNodeB with the aid of CH serving as a relay.

(A) Cluster Head Selection

An important feature of a clustering algorithm is the ability to select appropriately a CH from the rest
of the devices. The CH serves as a coordinator, coordinating other CMs [10][11][6]. Also, the authors in [8]
added that in situation where there is transmission failure; CH can support the CMs to retransmit any stored
information.

There are some rules or decisions that govern the selection of a particular member of a cluster as the
CH. But it was pointed in [6] that CH is optimally and careful selected. This is because the choice of CH greatly
affects parameters such as QoS, network efficiency, energy efficiency or dissipation offered to the CMs of the
cluster. Thus as relates to energy dissipation and mobility, the devices selected as CH must be reliable according
to [5]. The need for CH reliability is to ensure that connections are not terminated throughout the
communication session.

There are various criteria assumed in literatures in the choice of CH selection. In literatures such as
[30][31], CH selection was considered based on the distance between the CMs. But the work in [6] opined that
that the selection of CH should be based majorly on the expected QoS parameters. The reason being that variant
nature of the radio channel features exist as well as the channel resources between the CH and CM for each
device within a cluster. On the other hand, authors in [30] stated that in scenario such as in disaster and public
safety, CH should be optimally selected so that in event of damaged or dysfunctional base station, the selected
CH can assume some of the roles of the failed base station.

While some literatures considered only one factor or parameter in CH selection, others considered
weighted approach, in which the devices are assigned weights based on certain measures. The device with
suitable weight is chosen as the CH. For instance [33] proposed a weighted CH selection algorithm. The factors
the author proposed in selecting a suitable CH are the optimal number of CMs to support, the received signal
strength, the mobility tendency of the potential CH, the cumulative time a device can serve as CH and the device
capability. Each device calculates its own weight and broadcast the same to the neighbors. A comparison is
made between the received weight and the device’s own weight. The device with minimum weight is selected as
the CH after all the devises have made their broadcast and comparison. The results from the work showed that
the choice of selecting CH achieves high discovery and communication rate, though more energy is consumed
during the discovery process.

Similarly, the work by [25] adopted the combination of distance and SINR as the choice of selection of
CH and clustering of CMs to the CHs. A UE with a distance of R/2 or more from the base station is considered
as the potential CH, where R is the radius of the cell. If the distance between a CH and other UEs is less than
0.025R, 0.1R or 0.25R, the UEs form clusters around the CH. Similar approach is adopted in the case of SINR,
where a UE with SINR above average is a potential CH. The result of the work showed improvement in energy
efficiency and system capacity. Also, the work by [29] optimized the CH selection based on the three factors
namely: the communicating ability of the UE (represented as UE energy), the distance of influence and the
social trust (or tie) between the proximate UEs. The authors compared the performance of the proposed scheme
(which uses the three factors) with another proposed scheme that relied only on the average distance of the UE
in selection of CH. From the comparison, it was shown that the inclusion of social trust enabled the average

DOI: 10.9790/2834-1605013544 www.iosrjournals.org 39 | Page



Clustering Approaches in Device-to-Device Communications

social trust of the proposed scheme to be larger than that of the scheme that relied on the distance. In addition, at
higher rate or higher energy consumption, the transmission reliability of the distance based CHs selection
scheme lags behind the three factor scheme.

A distributed dynamic CH selection and clustering scheme based on an improved K-means algorithm
was proposed by [22]. The authors adopted a network assisted clustering by the base station, which group each
device according to the quality of the channel and the location of the device. The proposed scheme was
simulated and analyzed, and the result showed that the efficiency of the network can be improved by the
proposed scheme. On the other hand the work in [34] made a comparison between the CHs selected based on
distance from the base station and CHs selected based on the Received Signal Strength using Self-Organizing
Map algorithm. It was shown from the comparison that the choice of threshold values or the parameters used in
SOM algorithm affect the number of CH selected.

The summary of CH techniques adopted by various literatures is shown in table 2.

(B) Relay Selection

In addition to selecting CH that coordinates the operations of other members of a cluster, CH could also
be chosen to act as a relay. Except the direct communication between proximate UEs, other D2D
communications such as inter-cluster communication and communication between a cluster and a base station is
made possible through a CH acting as a relay [1]. It was pointed out in [22] that the critical factors that affect
energy efficiency of the system are the clustering algorithm used and the method adopted in CH selection. The
use of relay increases energy efficiency and in addition, it extends communication range, and hence the total
network coverage area. A relay must be optimally and efficiently chosen, especially in cooperative D2D
systems. And the choice of relay selection could be centralized or distributed. Centralized relay selection is done
by the base station, but this choice causes excessive load on the base station. On the other hand, the choice of
distributed relay selection ensures that inappropriate relays are not selected [1].

The authors in [35] pointed out that some literatures that studied relay in LTE and other cellular
systems adopted the strategy of selection instead of clustering in the choice of relays. Just as in selection of CH
from a cluster, there are various approaches adopted in literatures in the selection of a relay from a cluster. Some
literatures chose relay based on the minimum distance, while some others are based on the least path-loss. The
authors in [35] stated that the choice of path-loss over distance is better option since it offers better link quality
estimation. Other literatures make use of social aware or social relationship in the choice of relay selection.

The work by [35] adopted clustering to select relay using Basic Sequential Algorithmic Scheme
(BSAS) together with power control scheme. The adoption of this approach showed that the capacity of the
system increases and the energy consumption is enhanced compared to other relaying methods. On the other
hand, the authors in [36] use Stackelber game approach to select the best relay that requires less energy and has
the ability to provide enhanced spectral efficiency to UEs that in out of coverage areas. The authors did not
adopt the popular individual or central relay selection, but use Stackelber game theory to select relay from
competing UEs. The results from their work showed that in addition to complexity reduction, the spectral
efficiency, the energy efficiency and the total capacity of the system are greatly enhanced. Similarly, the work
by [37] used game theory to propose a relay selection based on distance and energy level of a device. The
authors showed that when compared with other algorithms, the algorithm proposed helps improve effectively
the throughput and the coverage, and it reduces the probability of connection interruption.

Other authors adopted the social aware approach and the social relationship between users to select
suitable relay. It was noted in [26] that the efficiency of D2D network can be enhanced by considering the social
attributes and the pattern of interaction between the users, which are not only man but machines as well. The
drive for social D2D communication hinges on two factors — stability and reliability [26]. The stability concern
emanates from the idea that the type of relationship between peers would determine the probability, nature and
the length of connection especially when mobility is involved. In particular, a potential relay should be selected
based on the type of relationship it shares with the end users. On the other hand, the reliability concern comes
from the fact that there are several configurable smart devices in today’s market, and to protect integrity of data
and leakage of privacy, the choice of a relay should be optimally selected. One of the ways of achieving this is
adopting trustworthiness selection procedure among peers.

Various literatures have investigated the choice of social tie in relay selection. For instance, the work
by [38] proposed a scheme to enhance the stability of D2D communication by considering the mobility
tendency of the relay. The authors proposed optimal stopping method by considering the centrality of the
probable relay and the social relationships that exist between the relay and the end users. The results from their
work showed that the data traffic relayed can be maximized and the system stability can be achieved both in
short and long term. Similarly, the authors in [39] argued that to minimize negative effects of relay selection on
the entire network, the suitability of the relay (in terms of power control and resource allocation) and the social
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tie among the users must be considered. In addition to power control and resource/channel allocation scheme
adopted, the authors proposed the use of regional boundaries and the social relationship among users in the
selection of the relays. It was observed that the algorithm proposed can improve to a great extent the system data
rate and the performance of the D2D heterogeneous network.

In relation to social attributes and relationships, the reliability and the stability of relay selection in
D2D depends on the social trust among the users. According to [26], in D2D communications, social
relationships among peers can be exploited to build a high degree of trustworthiness to enhance stability and
reliability. In this regard, the authors in [40] developed a cooperative D2D relay scheme based on social trust.
The work considered both physical and social distances among the UEs. The results obtained showed that when
compared with direct transmission scheme, the developed scheme can offer a significant throughput gain.

The idea of building social trust among peers is related to risk associated with security and privacy. A
malicious device can pose as a friendly one, and thus there is need for peer devices to have a level of trust
among themselves. The identification of trustworthy UEs can be enhanced through social awareness of devices
according to [41]. Thus trust is a metric measured based on the social ties among the UEs. Some literatures have
proposed a social trust-based scheme to limit a malicious node from corrupting or having access to private
messages. The authors in [41] adopted this approach to model a reliable social trust-based scheme in 5G
network. In the proposed scheme, a device that wants to upload content would select a relay based on the level
of trust among its peers. The work showed that the proposed scheme can filter malicious nodes, enhances energy
consumption, and achieved much gain in the content delivery or uploading time.

In addition, social tie could be in the form of some users having the same content interest. Such users
or devices can be grouped into a cluster and a CH selected from the cluster. Using device to multi-device
(D2MD) communication, the selected CH can serve to relay and multicast the content obtained from eNodeB to
the CMs. In such multicasting, the channel condition among the CMs and the CH affects the data rate
negatively. Though increasing the transmit power can enhance the data rate, the system energy efficiency can
deteriorate. An option is for the eNodeB to send the content independently to each user, but the energy
efficiency of such approach is less than the cooperative D2D option. But grouping adjacent users into cluster is a
better strategy, in which the CM that has the best channel condition on average compared with other CMs is
selected as the CH. This CH receives the content from eNodeB and serves as a relay to distribute or multicast
the content to other CMs [9]. Though using a single CH in D2D content multicasting is a good strategy, the
work by [9] pointed out that better performance (in terms of reduction of energy per bit) is obtained by using
more than one CH in a cluster to simultaneously transmit the content.

The summary of relay techniques adopted by various literatures is shown in table 2.

Table 2: Summary of Cluster Head and Relay Selection Techniques in D2D Clustering

Literature CH Relay Criteria Key Conclusion
[30] v Distance between the CMs Increase in density of active cluster increases area spectral
efficiency (ASE)

[6] v Throughput between CH and  Average throughput between CH and CM for normal
CMs distribution of CMs larger than the uniform distribution

[32] v v Beacon broadcast & pre- Range of CH is extended, high discovery ratio & low
defined metrics latency

[33] v v Weighted Factors: mobility, High discovery and communication rate
signal strength, etc

[44] v v Weighted Factors: distance, Improvement in system performance
channel condition, etc

[25] 4 4 Distance and SINR Improvement in energy efficiency and system capacity

[29] v v Weighted Factors: energy, Enhancement in average social trust, transmission
distance, social trust reliability

[22] v v Channel quality & device Enhancement in network efficiency
location

[35] v v Basic Sequential Algorithmic  Improvement in system capacity & energy consumption
Scheme (BSAS) & power
control scheme

[36] v v Stackelber game theory, based =~ Complexity reduction, improvement in spectral/energy
on less energy efficiency, & system capacity

[37] v v Game theory based on Improvement in throughput & coverage, reduction in the
distance and energy probability of connection interruption

[38] v v Optimal ~ stopping method  System stability enhancement & latency reduction
based on relay centrality &
social relationships

[39] v v Power  control, regional  Improvement in system data rate & system performance
boundaries & social
relationship

[40] v v Social trust, physical & social  Significant throughput gain
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distances
[41] 4 4 Level of trust among peers Filtration of malicious nodes; enhancement in energy
consumption, content delivery & uploading time
[9] 4 4 Selection of more than one Improvement in system performance, reduction in energy

CHs with different transmit per bit
power per cluster

VI.  Selection/Effects of Number of Cluster Members

The first feature of a clustering algorithm is the ability to select suitable CH from the rest UEs. But a
good algorithm should be able to cluster or group other UEs or CMs around the selected CH. In most literature,
the selection or clustering of CMs is based on distance between the CMs and the CH. Instead of physical
distance, some literatures considered social distance or social relationship in clustering. For instance, the authors
in [8] proposed clustering that incorporates both social and physical characteristics. Similarly, the work in [21]
proposed clustering scheme that has ability to form socially aware clusters.

But the performance of the cluster is affected by the number of CMs per a cluster. Although having a
larger number of CMs ensures savings in network resources as pointed out by [6], it has been noted that the
number of CMs per a cluster depends on some factors, which include the CH channel throughput, the range of
coverage, the cluster traffic intensity, the location and distribution of UEs [6][42].

The effects of variation of number of UE per cell, data transfer rate and the number of CMs per cluster
on energy consumption for both clustering and cooperative clustering scenarios were investigated by [43]. The
simulation results showed that cells that have greater number of UESs recorded higher energy consumption. For
clustering scenario, energy consumption was not affected by the variation in the number of UE per cluster, but
in cooperative clustering scenario, energy consumption increases by 25% for each additional UE per cluster.
The work by [9] proposed that more than one CH can be used to simultaneously transmit content. In addition,
the work considered the reception of power by the CMs from all the CHs within the cluster. From the simulation
and analysis, the authors concluded that the proposed scheme performance improves for higher number of CMs.

VIl.  Conclusion

The major attributes of future cellular generations namely: ultra-densification, heterogeneity and
variability can be taken care by efficient clustering technique or algorithm. Thus in this paper, we have reviewed
various cluster formation techniques in D2D communications and their performances. In addition, a review of
various criteria for cluster head/relay selection, the consideration of physical and social aware clustering and the
effects of number of CMs per a cluster were done. Through this review work, it was discovered that clustering
algorithm in D2D should not consider only the physical attributes (e.g. distance) but performance metrics (such
as throughput) as well as social relationships that exist among the D2D users.
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