Study of Cluster-Based D2D Communication in
Next Generation Mobile Network for the
Post-Disaster Response.

1% Shakil Ahmed
Department of Mechanical and Electrical Engineering
Massey University
Auckland, New Zealand
s.ahmedl @massey.ac.nz

Abstract—There are many emerging technologies introduced
by the next-generation mobile network (5G), which are very
promising for the emergency communication network. Device to
Device (D2D) communication is one of the significant adoptions
in this 5G network. In D2D communication, mobile devices
can communicate with other mobile devices without any help
from a Base Station (BS). In addition, it also does not depend
on the core switching for routing the traffic. This independent
communication feature is one of the critical values for emergency
communication when infrastructure is damaged by a natural dis-
aster or human-made disaster. Moreover, clustering-based multi-
hop communication provides the communication connection in
the disaster-affected people and can enhance the coverage area.
In this paper, we analyse and quantify the performance of cluster-
based D2D communication in 5G when the existing infrastructure
fails in a disaster in a salable format. The analytical parameter
is based on the outage probability, Coverage area and QoS
which are essential matrices for any emergency communication
network.

Index Terms—D2D communication, Cluster Head, Disaster
network, 5G.

I. INTRODUCTION

After large-scale disasters such as tsunamis, hurricanes,
earthquakes etc., the existing communication networks cannot
perform at their maximum capacity because of damage to the
infrastructure or traffic congestion and other factors. For exam-
ple, about 6000 cell towers/Base stations (BS) were damaged
by a 9.0 magnitude earthquake, and the tsunami struck the
eastern coast of japan [1]. Due to that natural calamity, massive
traffic congestion occurred in the communication channel as
a high volume of data and voice passed to the existing BSs
and limited capacity of the existing network infrastructure.
As a result, affected people were not able to access the
communication service in a large area.

It is imperative to implement such a network that can handle
the high volume of data, reuse the same spectrum, extend the
coverage of the service area, infrastructure less communication
and power efficient network due to the limited infrastructure
available after the disaster [2]. It is challenging to deploy such
an emergency communication network promptly after the dis-
aster due to some disaster constraints such as power, capacity,

road condition, and cost constraints [3]. Therefore, a reliable,
cost-effective emergency communication framework should
implement worldwide based on the commercial telecom stan-
dard. D2D communication paradigm under 5G network could
be a potential solution to overcome the above mention prob-
lems. The next-generation mobile network (5G) has some
unique capabilities, such as network flexibility, reconfiguration
capacity and resilience, which are crucial for any emergency
communication network [3]. In addition, D2D offers several
communication advantages, for example, offloading cellular
data traffic, reducing energy consumption, and providing a
higher data rate. D2D reuses the same spectral band so that
the high density of devices shares the same radio resources.
Device discovery and multi-hop communication capabilities
provide extended network coverage and connectivity where
the network infrastructure is partially or fully damaged by the
natural hazard [4].

Traditional cellular networks use direct single-hop commu-
nication between the mobile user (user node/ UE) and the
BS. This connection is beneficial in reducing the delay in
communication and providing QoS. However, it causes the
problem of high-volume data or voice traffic load as it has
limited spectrum resources. As a result, the outage proba-
bility increase, and network coverage decrease, especially in
emergencies. Handle this high volume of data traffic requires
increasing the network capacity.

D2D under 5G can play a significant role in the emergency
communication network in case of vulnerable network, traffic
congestion/ network congestion, or enhance the network ca-
pacity [5]. Due to the low cost and the capability to handle
a high volume of data, it is becoming more popular for the
public safety network. Though many studies have been done to
reduce end-to-end delay and energy consumption and enhance
the coverage area in the emergency communication network
[6] [7] [8]. However, D2D salable services performance, QoS
in different disaster scales and interference management still
have some problems for the multi-hop D2D communication
for standardisation. The primary focus of this study is to
investigate D2D performance in the emergency network on
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Fig. 1: Overview of the network model

a different scale of disaster impact on the communication
network. In this paper, we analysed the performance of
a clustering-based D2D emergency communication network
under a 5G network for different scales of disaster impact.
A mathematical model has been derived and simulated to
justify the outage probability and network coverage result.
A simulation result shows the outage probabilities with the
varying SINR for the different disaster impacts in the network.

The rest of the paper is organised as follows: Section II
discuss the network model used for this study. Section III
explains the Cluster Head selection algorithm, while Section
IV briefly describes the simulation set-up parameter and results
in a discussion, Section V concludes the paper.

II. SYSTEM MODEL

Figure 1 shows the network model considered in this work.

This model is considered a heterogeneous cellular network
which consists of L tiers. It assumed that the distribution of
base station in a tier follows a homogeneous Poisson Point
Process (PPP) ¢pg with spatial density Apg. The UEs in
the network are also considered as homogeneous PPP ¢y g
with spatial density Aypg. In the aftermath of the disaster,
it is practical to consider that some of the BS may fail to
provide the services. The UEs under the failed BS will form
a cluster and establish D2D communication in this situation.
The formation cluster and selection of cluster head (CH)
are discussed in section 3. All the communication inside
the cluster will be through CH. Figure 1 shows the normal
network scenario and after the disaster network scenario.
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Fig. 2: Analytical model of a disaster network with the
interference

For the analytical purpose, it considered that D2D com-

munication will be through CH to CH in case of a disaster
scenario (figure-2). It also assumes that there is at least one
UE from each functional BS to serve a relay node with the
cluster head in the disaster area. The outage probability of
a link is the probability that SINR of the link falls below a
predefined threshold level(7;;). We consider that 7,is a known
parameter.
At first, it calculates the outage probability of the link between
BS to UE relay(UER) device. It was also considered to use
relay and UER interchangeably. It also considers the small-
scale fading channel condition between BS and UER, which
is denoted by the h)BS.R. Therefore the received power at
the relay node can be written as:

Pps, r = Ppsihps, RDgs, (D

Where,Dpg_; r is the distance between BS at the " tier
and the relay node and « is the pathloss component. Hence
the signal to noise ratio (SINR) at R; is expressed as follows:

Ppsihps, RDgS, g

2

Where, ng; is the thermal nose which is usually negligible
component to interference in a dense network. /r; denotes the
received interference at relay R;. Here equation 2 becomes

Ppsihps, RDgS, g
VYRi = 0
I

3)

The overall interference at R; is the sum of all the BS’s
transmission from different tiers occupying the same frequency
at a given time slot as well as the interference from the cluster
head. Hence
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In case of the CH to CH D2D communication which is
shown as orange link in the figure-2 the received power at
CH is:

Pou(p2p) = Penihcon,.cn, Deyy, o, 5)
and the SINR at CHj is:
Pewihen,.cu,Deyy, cn,

YCHD2D) = Tont (6)
2

The Icm(D2D) is the overall interference from the CH and
the neighbour UEs [9]. Hence

Z Poujhcn,.cn, Doy, on,
CHj€vcn
+ Z Ppjhcn,.p.Dcyy, p, (D
DjE’l/)CH

Ien p2p) =

The outage probability for each link which are BS to
UR relay, UE relay to CH and CH to CH. The overall
outage probability of the network is the scalar product of the
individual outage probabilities. Hence

PO = Poi(Bs— Ry Pout(R—cm) Pout(cr—cry (8

It was considered the interfering relay’s density vz around R;
the outage probability can be expressed as follows [10]:
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III. CLUSTER HEAD SELECTION

In a disaster network, energy is one of the critical parameters
to enhance the network’s lifetime. As a result, energy-efficient
communication is very crucial for disaster communication.
The disaster network is divided into two regions. One is the
non-disaster region, where UE is connected with the BS. The
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other is the disaster region, where there is no BS for the UE.
For this region, UE will form the cluster to communicate
with the BS. In a cluster, there is one Cluster Head (CH)
responsible for collecting the data from other cluster members
and transmitting it. CH selection depends on the number
of parameters, e.g. Residual energy, distance from the BS,
channel condition, etc. In our model figure -2, we used a
clustering algorithm based on the residual energy of the node
and the distance from the BS. The node with higher residual
energy in the disaster area has a better chance of becoming
the CH.

Let’s considered that N number of nodes is randomly dis-
tributed in the disaster are W x W and the initial energy is
distributed non-uniformly among the nodes. For the Cluster
selection, we use a distributed algorithm, where nodes make
autonomous decisions without any centralized control. We as-
sume that, initial energy randomly distributed. The procedure
of CH selection is calculated by the threshold value TCH). All
the nodes selected region generate a random number between
zero and one M(0 < M < 1).If the random number is
satisfied with M > T'CH, the node is elected as the head
node of the cluster for the current round. The threshold value
Tc g is calculated as follows [11]:

T — Pou
“H 1—PCH>k(7'mod(%))>kD7

NedqG; (12
Where, Pcop is the probability of the node is selected CH
based on the residual energy. r is the current number of round,
Gi is a set of nodes that did not selected as a cluster head in
the last rounds, mod(-) denotes the modulus operator and D
denotes the distance from the BS. Pcopy can be define as:

E;
Eavg
where F,,; is the optimal probability. £; is the ith node

residual energy and E,,,, is the average energy of the network.
The average energy of the network at round r is denoted by:

PCH = Popt (13)

1 N
Pavg = N Z Ez(r) (14)
=1

P,y can obtain by P,,; = % where P is the predetermined
number of CH which is most of the case 10% of the total
number [12].

When the node is selected as CH using the threshold
equation, the CHs must let to know the other nodes that they
are selected for the CH for this round. The CHs broadcast
an advertisement message (AVD) to let to know all other
nodes in the network. The broadcast message consist of node
ID and a header. Each of the member node chose the desire
CH for the current round that required less Energy for the
communication. This can be determined by the strength of
the received signal from the advertisement message of CHs.
A random CH will be selected in case of equal strength
of received signal. When the node decides the desired CH,
the node needs to inform the CH that the node will be the



TABLE I: Simulation Parameter

Parameters Values
Simulation software Matlab 2019a
Network deployment | PPP

Cell size 20KM2
Pathloss exponent 4

Number of UER 20

Cluster size variable

Cell redius 1KM

SINE Threasold 0-30dB
Iteration 10000
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Fig. 3: Simulation network: Node distribution using PPP.

member of that Cluster. The node transmit a Join-request
message to the CH which consist of node ID and CH ID.

IV. SIMULATION RESULTS

This section presents the simulation results that analyse the
disaster model discussed above. The analytical result shows
the availability of the network after disaster impact in different
scales. The model simulated to find the outage probability by
varying the different values of the SINR threshold. This result
will help determine the QoS when there will be infrastructural
damage due to disaster impact. The result also calculated
and presented the coverage of energy efficiency of cluster-
based D2D communication for both normal and emergency
communication. The simulation parameters and the value
used for this simulation are listed in Table-1. Monte Carlo
simulation has been used to analyse the disaster model and
validate the result.

There are two autonomous PPPs are used for the simulation.
One is UER, which is used for the relay node, also known
as cellular users and another is CHi, which is used for
D2D users. Figure 3. shows the simulation network model
20X 20 square KM. The red triangles are the BS, and the
blue are UE-Relays connected with the respective service
stations (either BS/ Micro Cell/PicoCell) inside the same
tier. CHi connected with the UER. As mentioned before,
the communication link between UER to CH and CH to
CH is considered D2D communication. CHs are connected

with the nearby UER, and the Device inside the cluster is
connected to the CH. According to the theoretical model,
homogenous PPP with the special density of the users is used
in the simulation model. BSs are connected with the UER,
and all other users are connected with the BS in normal
mode. In the absence of BS, when the users cannot connect
with the BS, they form the cluster, and all communication
occurs via CH. The performance in different disaster impacts
that cause infrastructure damage (10%, 20%, 50% and 70%)
was also calculated. It was assumed that 10% of disaster
impact means 10% of BS damaged due to disaster from
the total number of BS deployed in the specific area, 20 %
disaster impact means 20% BS absence and so on. Figure
4, SINR vs Outage probability for different disaster impact
5 KM area. It was assumed that 10% disaster in SKM area
means 1 BS damage, 20% damage means 2 BS damage, 50%
damage means 3BS damage and 70% damage means 4BS
damage. Figure 4 shows that up to three BS damage did not
make significant outage probability. However, more than 40%
outage probability occur for 4BS damage.
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Fig. 4: SINR vs Outage probability for different disaster
impact (SKM area)
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Fig. 5: SINR vs Outage probability for different disaster
impact (10 KM area)

Figure 5 and 6 shows the outage probability of the D2D
user with respect to the SINR threshold and compare the result
with the percentage of the impact of the disaster in different
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Fig. 6: SINR vs Outage probability for different disaster
impact (20 KM area)

scale of the disaster and considering the different area size.
When considering the 10 KM area, the 10% disaster damage
means 1 BS damage, 20% damage means 2BS damage and so
on. On the other hand, when considering the 20 KM area,
10% damage means 2 BS damage, 20% damage means 4
BS damage, and 70% damage means 14 BS damage out of
20 BS. It has been observed that outage probability increase
with the increase of SINR. This is because the channel fading
distribution is in exponential form and for the interference
signal IR, ICH, ICH(D2D). When the disaster impact 10%
within SKM, the outage probability of the D2D users is
almost negligible. However, with the increase of KM (10KM,
20KM), the outage probability will start increasing as it will
increase the interference, channel fading, link outage and
channel congestion. In addition, increasing with the impact
of disaster (10%, 20%, 50%, 70%), the outage probability
increase but not exponentially. Because multiple network
tiers can handle the interference, it reduces channel fading.
According to equation 9, channel quality is an important factor
for the outage probability of D2D users. For the D2D user,
the outage probability also depends on the distance from the
relay node. That is why in the figure 4 (within a 5 km area),
there is no significant outage probability. However, with the
increase in distance and the impact, the outage probability
increase because it requires more hops to extend the coverage.
In addition, there are possibilities to have channel fading,
broken channels and interference from other CH and nodes.
The outage probability is below 50% for the SINR threshold
of 5dB of disaster impact damage except for 70% damage in
20 KM. The lowest threshold of SINR provides a lower outage
probability in the emergency communication network.

The system also analyses the type of services users will
get for the different types of disaster impact. The higher
value of SINR guaranty the Quality of Services (QoS) for
the users. The different SINR values for the different area
sizes determine the percentages of users who can get the
QoS. Figure 7,8,9,10 shows the percentage of users who get
different SINR values for the 10% -70% disaster impact.
From figure 8, around 70% of users get 25dB, which is a
very good signal, and 80% of users get at least 5dB signal.
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Fig. 7: Measure different SINR value for the different length
of area after 10% disaster)
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Fig. 8: Measure different SINR value for the different length
of area after 20% disaster)

From figure 7-10, around 75% of people get a 15dB signal
in 20KM. However, if the impact of the disaster is high, the
outage probability is also high due to the distance and channel
conditions. As a result, when the disaster impact is 70%, QoS
is getting down. From figure-10, only 20% of people get the
QoS service in that damage which is 25dB, and 30% of users
get 15dB. However, about 50% of the users get the service
available for 5dB.

The total outage probability is calculated with the three
different hops, which are from the BS to UER, UER to
CH and CH-to-CH (D2D) from equations no 8,9,10,11. The
overall system outage probability increases as the node den-
sity increase, channel fading and interference increases. The
overall system coverage is calculated using cluster-based D2D
communication in the normal disaster situation and without
cluster communication. From figure 11, the overall network
coverage probability with and without clusters is significant
different. Cluster-based D2D communication, the coverage
percentage significantly increases with the increased size of the
area. With cluster-based D2D communication, overall network
coverage is 20% more for any given km than used without
D2D communication. In addition, multi-hop communication
extends the coverage in the emergency communication net-
work at a certain distance.
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V. CONCLUSION AND FUTURE WORKS

In this paper, we analyse the performance of the clustering-
based multi-hop D2D communication performance based on
the outage probability and energy efficiency which are the
important parameters for the emergency communication net-
work. We show the novel methodology by calculating the
mathematical model for the outage probability for both cellular
and D2D users in multi-tier network. The result shows the
outage probability for both cellular and D2D users for the
different impact of the disaster for the different SINR. the
result also presents the overall network coverage and network
lifetime.In addition, to get the more accurate result ultra dense
network during the simulation. Researcher are now finding t
he feasibility of 6G network. In future, 6G network should be
consider for the public safety network.
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