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Abstract: There has been an exponential rise in mobile data traffic in recent
times due to the increasing popularity of portable devices like tablets, smart-
phones, and laptops. The rapid rise in the use of these portable devices has
put extreme stress on the network service providers while forcing telecom-
munication engineers to look for innovative solutions to meet the increased
demand. One solution to the problem is the emergence of fifth-generation
(5G) wireless communication, which can address the challenges by offering
very broad wireless area capacity and potential cut-power consumption. The
application of small cells is the fundamental mechanism for the 5G technology.
The use of small cells can enhance the facility for higher capacity and reuse.
However, it must be noted that small cells deployment will lead to frequent
handovers of mobile nodes. Considering the importance of small cells in 5G,
this paper aims to examine a new resource management scheme that can work
to minimize the rate of handovers for mobile phones through careful resources
allocation in a two-tier network. Therefore, the resource management problem
has been formulated as an optimization issue that we aim to overcome through
an optimal solution. To find a solution to the existing problem of frequent
handovers, a heuristic approach has been used. This solution is then evaluated
and validated through simulation and testing, during which the performance
was noted to improve by 12% in the context of handover costs. Therefore,
this model has been observed to be more efficient as compared to the existing
model.
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1 Introduction

Information and Communication Technology (ICT) make significant use of wireless technologies
for communication. In this area, the penetration rate of wireless communication over 88% has been
observed [1]. As per the Cisco Traffic Visual Networking Index-2017 [2], it is anticipated that the
amount of mobile data usage will increase in the coming years. Also, it is likely that the most
popular application, which includes social media applications, video applications, and information
applications, will need increased data and reduced latency to run effectively [3]. For network service
providers, this surge in demand is a huge concern. Telecommunication engineers are actively looking
for novel ways to meet the significant challenge of resource scarcity in this respect. As a result,
specialists working on the creation of an improved wireless standard, commonly referred to as
the fifth-generation (5G) wireless standard, are focusing on energy-efficient and spectrum-efficient
technologies [4].

4G has been a successful wireless standard as it has a penetration rate that reaches over 85% in
developed areas of the world [5]. However, it is vital to remember that 4G is a wireless broadband
technology that not only relies on voice or data communication [6,7]. The technical versions of 4G
and 5G are distinct as the leading cause of 5G is based on the exponential rise in mobiles and other
portable devices with an increasing demand for new applications for high bandwidth [3–8]. Therefore,
5G mobile network provides not only a higher data speed but also higher capacity, lower latency, and
dense deployment of wireless hosts, as compared to previous mobile technologies. In addition to this,
5G can facilitate eight trillion mobile connection and wireless devices, which are used by over eight
billion population. Moreover, the use of the Internet of Things (IoT) and the Internet of Everything
technologies will be enhanced through the application of a 5G mobile network. However, mobility
management will prove to be a huge technical issue due to the dense deployment of tiny cells and the
popularity of vehicle applications.

5G PPP (5G infrastructure public-private partnership) has developed key values that include
different types of services and upgraded wireless zone capacity. Also, another important benefit of 5G
technology is that it has improved energy efficiency. The concept of 5G technology is different from
previous communication technologies, which worked on macro cells, while 5G aims for the deployment
of smaller cells with smaller coverage areas [9]. On the contrary, the concept of wired optical links
has been designed for backhauling the local data to enhance the capacity. Through this practice, a
high-frequency reuse per unit area has been enabled [10,11]. The studies [12,13] have presented that
in response to temporal variation of loads, careful allocation of resources helps save a considerable
amount of energy in dense two-tier networks.

The concept of small cells also poses a challenge for 5G networks as they offer a small area
of coverage that has more frequent handovers. This challenge requires effective cell management;
otherwise, improperly configured connection drop-outs along with an increased number of handovers
can cause problems in the provision of solid Quality of Service (QoS). The emergence of advanced
technologies like smart cities and smart vehicles are other challenges for 5G networks that increase
the chance of frequent handovers and connection drop-outs. Besides, safety is an important aspect of
this type of technology so that secured 5G services are provided to mobile users [14–16]. Therefore,
in this study, this challenge has been addressed through a proposed resource management scheme
that has the potential to reduce the handover rates in a two-tier network. The solution presented in
this research is based on the hypothesis that larger cells should support the high mobility mobile
nodes in order to minimize the handover rate. This hypothesis has been made with the condition
that enough available resources can be provided to all mobile nodes (mobile and fixed) to satisfy
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their needs of Quality of Service (QoS) in the communication network. In this paper, the problem
has been formulated as a multi-objective optimization challenge that aims to minimize the number
of handovers and power consumption. In summary, we have made the following contribution in our
paper: 1) We propose a new handover management model through careful resource allocation for
a two-tier 5G communication network. 2) The resource management challenge is developed by a
problem of multi-objective optimization where the main aim is to reduce the number of handovers
and power consumption and increase average throughput. 3) The performance results of our proposed
optimization model are provided in comparison with a heuristic algorithm.

This paper has been structured into different sections, where Section 2 conducts a review
of literature relevant to this area of study. 5G’s two-tier network model has been explained in
Section 3, along with the formulation of the problem and proposition of the resource management
method. Further, Section 4 also includes a description of the suggested optimization model for 5G
(Fifth Generation) two-tier networks. Section 5 presents the calculation model for calculating the cost
of handover and the average throughput, whereas Section 6 validates the suggested model. Finally,
Sections 6.1 and 6.2 have discussed the numerical results, and the conclusion of the research has been
made in Section 7.

2 Related Work

Two-tier networks, having the combination of macro and small cells, could be used for increasing
the data speed at hotspots. Such type of combination results in a negative effect that is usually in the
form of an increased number of handovers. This is mainly due to the smaller coverage of the small
cells [17]. Due to this problem, a number of studies have been carried out for minimizing handovers.
In particular, in Zhang et al. [18], have studied the procedure of decreasing handovers in macro-
femto cells. Likewise, in [19], researchers studied the procedure of minimizing vertical handovers
and the overall packet delay in mobile downlink communication’s two-tier architecture. Authors in
[20] proposed a new prediction scheme dependent on scanning all signal quality between the mobile
user and all neighbouring stations in the surrounding areas. This scheme minimizes the redundant
handover numbers. In [21], the authors presented the relationship between the load of SDN (Software-
Defined Networking) controller and handover delay. They showed that handover delay is prolonged
during an over-loading state and suggested applying a load balancing mechanism as a countermeasure.
However, in [22] researchers suggested certain algorithms for reducing the unnecessary number of
vertical handovers and optimizing the load of the given heterogeneous networks. In this account,
the analysis of the handovers to WLAN from UMTS and vice versa were conducted by using the
Mamdani fuzzy logic method, which was carried out by the researchers in [23,24]. On the other hand,
in [25], the researchers conducted a study to improve the triggering time and handover margin, and
for this purpose, a self-optimizing algorithm was used. In [26], the researchers optimized the soft-
metric mechanism and handover by considering different user speeds. It was found that the handover
rates and mobility depend on the user speed. Besides, [27–29] also found high-speed users in railways
and vehicles as an interesting area of research. However, in [30,31] authors paid attention to the
management of user’s mobility management, with limited paths. It is important to note that the studies,
having frequent high-speed user’s handovers, are found to be one of the challenging research areas that
need special attention.

The analysis of the previous literature has revealed that for small and macro cells, BS density is the
most significant variable—particularly for measuring the capacity of the 5G communication network.
It is majorly due to the swift increase in the number of user equipment (UE). More specifically, some



5494 CMC, 2022, vol.71, no.3

studies carried out their investigation and simulations of the low-density cells (2 MBS/km2) [27]. In
contrast, [32] utilized moderate cell density (30–100 BS/km2). On the other hand, [33] considered high
density for a small cell around 400 BS/km2. However, other researchers, i.e., [32] and [34–36], also
considered the density of user equipment for analyzing the impact on the probability of coverage and
the average throughput that is also influenced by UE’s velocity as well as its moving trajectory.

It was suggested by [32] to avoid frequent handover for high-speed mobile nodes, particularly
by ensuring their controlling through MBS besides the existence of such smaller cells that have
higher/improved SINR. However, in [32], the researcher considered that mobile nodes hold enough
resources. It is essential to observe that power’s consideration in two-tier networks requires a minimum
number of active small cells. Based on these findings, it can be articulated that high efficiency of power
can only be achieved in a situation when the users are not served by the small cells but by MBS [12,13].
As a result, an energy-efficiency network first tries to use the MBS spectrum, thereby avoiding leaving
enough resources for the nodes of mobile until the deployment of other mechanisms. The present study
aims to propose a mechanism that could assist in minimizing both the handover and the consumption
of power.

3 System Model

5G mobile network with a 2-tier architecture is researched in this paper as it is presented in Fig. 1.
The deployed scenario has two tiers: A macro cell tier and a microcell tier. One macro cell is included
in the macro cell tier, and a set of micro cells, ξ = {ξ1, ξ2, . . . , ξq}, is included in the microcell tier.
Single omnidirectional antennas are used for the base stations implemented in the two tiers with
transmitting powers PM

tx and Pm
tx. The scenario also takes into account interference signal powers in

downlink utilizing the path loss components αM and αm. The user equipment (UE) for this mobile
network is included with three categories, ψ = {V , U , F}, users with vehicular speeds, users with low
speed, and fixed type of users where the vehicular user is mentioned by the set of V = {V1, V2, . . . , Vn},
the low-speed user is denoted by the set of U = {U1, U2, . . . , U�}, and the fixed user is indicated by the
set of U = {U1, U2, . . . , U�}.

Figure 1: Model of two-tier communication networks for the generation of 5G

Regarding the simulated traffic in the simulated scenario, three types of traffic are used, CBR
(constant bit rate), VBR (variable bit rate), and BE (best effort). Total network traffic demand denoted
by D is presented in the Eq. (1), where D is the demand for the total network, and dj

i the demand of
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the ith user using jth category, and the set of traffic mentioned by � = {J, H, K} where, J, H, and K
represent the CBR, VBR, and BE, respectively.

D =
∑
∀i∈V

∑
∀j∈�

dj
i +

∑
∀i∈U

∑
∀j∈�

dj
i +

∑
∀i∈F

∑
∀j∈�

dj
i (1)

Spectral efficiency should be determined for obtaining the bandwidth, which is the parameter
needed to assess the demand (D). CCDF (complementary cumulative distribution function) is the
factor that specifies the SINR (Signal to Noise Ratio) coverage probability (�[SINR > θ ]). In this
relation, θ represents the threshold of the signal reception. Additional symbols are described in Tab. 1.

Table 1: Mathematical symbols and description

Symbols Description

ξ The set mentioned for micro cells
ψ The categories of UE (user equipment)
PM

tx Presented the transmission power of Macro cell
Pm

tx Indicated the total transmission power of microcell
D Mentioned for the whole user demand
C Probability for the coverage
nm Showed for the whole number of deployed mBSs
Pt Total consumption of power
γ Indicated for the average association preference
BM Presented the bandwidth of Macro cell
SEM Mentioned the spectral efficiency of Macro cell
Bm Showed the bandwidth of microcell
SEm Indicated the spectral efficiency of microcell
� Showed for the cost of handover
η Mentioned the spectral efficiency of microcell
TM Presented the throughput for the users of Macro cell

If the exponents of uniform path loss αM = αm have the value of 4 [27], equations in (2) and (3)
represent the coverage probabilities equations. In fact, Eq. (2) gives the coverage probability of SINR
for the users in the macro cell [27]:

CM = 1 + nm

√
P̃mM

ρ(1, θ) + ρ

(
1,

θ

η

)
nm

√
P̃mM

; where, ∀nm ∈ ξ (2)

Furthermore, Eq. (3) gives the microcell users coverage [27]:

Cm = 1
ρ(1, θ)

(3)
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In the Eqs. (2) and (3) ρ(1, θ) equals to 1 + √
θ arctan

(√
θ
)

Spectral efficiency denoted by SE could be determined by the coverage probability as it is presented
in Eq. (4) [27]:

SE = E[ln(1 + SINR)] =
∝∫

0

1
θ + 1

Cdθ (4)

The Eq. (5) represents microcell users’ spectral efficiency [27]:

SEM = E[ln(1 + SINRM)] =
∫ ∝

0

1
θ + 1

1 + nm

√
P̃mM

ρ(1, θ) + ρ

(
1,

θ

η

)
nm

√
P̃mM

dθ (5)

The equation in (6) gives microcell users spectral efficiency [27]:

SEm = E[ln(1 + SINRm)] =
∝∫

0

1
θ + 1

1
ρ(1, θ)

dθ (6)

In order to satisfy the user demands, the two-tier network should fulfill this condition which has
explained by the equation of (7):

D ≤ BM × SEM +
nm∑
i=1

Bi
m × SEi

m (7)

The two-tier mobile networks that tend to satisfy the green communication condition connect all
types of users to the macro base station if the macro base station capacity (Mc) has greater value than
demand D. This is because energy efficiency is higher if the number of communication elements is
low, that is, in this case, base stations of the micro cells. If demand D has greater value than Mc, base
stations of the microcells are activated for obtaining more capacity. This extra capacity is satisfying
the QoS for fixed and some of the pedestrian users. But there is a challenge with the vehicular users in
this range because of the higher handover rates that occur in this smaller coverage.

Hence, the challenge for research is to distribute the resources in the macro and micro cells in a way
that vehicular users will experience minimum handovers while keeping at the same time the QoS of all
users on a high level. In this research paper, the focus is to solve this challenge using the optimization
methodology.

“Association Preference Factor” is a novel factor in this research paper introduced to reduce the
vehicular users’ handover rates. This factor indicates the UE preference related to a particular tier.
In a scenario of a two-tier mobile network with high-speed vehicular node, the preference factor is
γ M

v = 1 and γ m
v = 0. This means that high-speed vehicular node prefers to connect to the base station

with larger coverage to have a minimum number of handovers. But, cells with greater coverage are
causing SINR instability, and that means a requirement for extra bandwidth to satisfy the demands.
In a scenario where the mobile node has low and moderate speed γ M

v , γ m
v has values other than 0,

tuned according to the appropriate speed. Fixed and pedestrian users get a better signal-to-noise ratio
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attached with smaller cells. Usage of macro cells for this type of user does not give a better experience
to them. So, the association preference factor for this type of user should be set to γ M

u = 0 and γ m
u = 1.

4 The Model of Optimization

As the ultimate goal of the optimization model is to discover a green communication approach
for minimizing the handover number, the equation for the total power consumption of a single macro
cell has been devised, which is as follows:

PM =
[

Pfixed
M +

{
lM ×

( ∑
i∈(V ,U ,F)

δM
i × PM

tx (sM)

)}]
(8)

By the above Eq. (8), the total consumption of power for a macro cell is denoted by PM and
the power consumption for fixed is indicated by Pfixed

M . Moreover, lM represents the load-dependent
parameter, PM

tx (sM) shows the transmission power of a single mobile user linked to the macro cell
station, and δM

i is a binary variable that takes ‘1’ if the ith user is affiliated with the macro cell.

The total power consumption of the micro cell base station (Pm) is calculated by the equation
of (9):

Pm =
[
{nm × Pfixed

m } +
{

(hl × lm) ×
( ∑

i∈(V ,U ,F)

δm
i × Pm

tx(sm)

)}]
(9)

According to the equation of (9), the total number of active microcells, the fixed consumption of
power for a single microcell, and the load of traffic for micro cell base station are presented by nm,
Pfixed

m , and hl respectively. Furthermore, lm denotes the load-dependent power consumption slope, δm
i

means the binary variable that takes ‘1’ if the ith user is linked with the microcell, and Pm
tx(sm) denotes

the single user’s transmission power connected to the relevant microcell.

As discussed previously, to reduce the number of handovers, the association preference factor is
considered. The inclusion of the association preference factor in the objective function of the model
prioritizes user’s association with larger cells on the basis of their speeds. The average association
preference figure on the basis of resource allocation is represented below:

γ =
[{((

γ M
v × ∑

i∈V δM
i

) + (
γ m

v × ∑
i∈V δm

i

))
(Nv + Nu + Nf )

}
+

{((
γ M

u × ∑
i∈U δM

i

) + (
γ m

u × ∑
i∈U δm

i

))
(Nv + Nu + Nf )

}

+
{((

γ M
f × ∑

i∈F δM
i

) + (
γ m

f × ∑
i∈F δm

i

))
(Nv + Nu + Nf )

}] (10)

where Nv indicates the total number of vehicular users, which can be provided below:

Nv =
∑
∀i∈V

δM
i +

∑
∀i∈V

δm
i (11)

δM
i represents the binary variable, which takes ‘1’ if ith number of vehicle users has an association

with the macro cell, whereas δm
i , like the previous one, is a binary variable that takes ‘1’ if the ith number

of vehicle users has an association with the microcell.
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Similarly, the overall number of pedestrian users is mentioned by Nu which can be explained in
below Eq. (12):

Nu =
∑
∀i∈U

δM
i +

∑
∀i∈U

δm
i (12)

δM
i denotes the binary variable, which takes ‘1’ if ith number of pedestrian users has an association

with the macro cell, whereas δm
i , similar the previous one, is a binary variable that takes ‘1’ if the ith

number of pedestrian users has an association with the microcell.

Likewise, the whole number of fixed users is indicated by Nf which can be described in below
Eq. (13):

Nf =
∑
∀i∈F

δM
i +

∑
∀i∈F

δm
i (13)

δM
i means the binary variable, which takes ‘1’ if ith number of fixed users has an association with the

macro cell, whereas δm
i , alike the previous one, is a binary variable that takes ‘1’ if the ith number of

fixed users has an association with the microcell.

The initial step is to analyze the numeric figure associated with the preference factor and power
consumption; once the figure is quantified, the only remaining challenge is to formulate a green
communication strategy to reduce handover rates by optimizing the problem to maximize the objective
function which is as follows:

Z = [{a × (Pt)} + [b × {1 − (γ )}]] (14)

Subject to:

D ≤
[
(BM × SEM) +

{
nm∑
i=1

Bi
m × SEi

m

}]
; ∀i ∈ ξ (15)

∑
∀j∈ξ

∑
∀i∈(V ,U ,F)

δj
i × SINRj ≥ θ (16)

∑
∀j∈ξ

∑
∀i∈(V ,U ,F)

(δj
i × di) ≤ Bj

m × SEj
m (17)

∑
∀i∈V

δM
i +

∑
∀i∈V

δm
i ≤ Nv (18)

∑
∀i∈U

δM
i +

∑
∀i∈U

δm
i ≤ Np (19)

∑
∀i∈F

δM
i +

∑
∀i∈F

δm
i ≤ Nf (20)

The relative weights for consuming power and handovers within the objective function have been
defined as parameter a and parameter b, respectively. As shown in ((Eq. (15)), the first constraint
ensures adequate capacity, which is made available within the two-tier mobile networks to meet the
average demand, whereas constraint (16) ensures that the mobile users receive a threshold value of
at least SINR for communication purposes via accessing the base station. Furthermore, Eq. (17) has
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been generated to make sure that the demand of the user is either less or equal to the capacity of the
microcell. Additionally, constraints (18)–(20) are made to guarantee that the overall number of the
two-tier mobile network’s vehicle, fixed users, and pedestrian are satisfied by the separate number of
the same along with fixed macro-and microcell users.

The issue of optimization was solved using the MATLAB toolbox. The results of optimization are
framed in Section 6. Although finding an optimized solution for a large user set is possible, the time
complexity of these solutions proved to be a major limiting factor. In this regard, this paper has also
presented a heuristic solution that is presented in Fig. 2. The input is received from the value of Nv, Nu,
and Nf for the heuristic algorithm. Firstly, this algorithm checks if the selected macro cell base station
can satisfy the total user’s demand. In this case, all the users are associated with the macro cell’s base
station when the macro cell’s capacity is sufficient to satisfy the entire user’s demand. On the other
hand, the extra demand for the user will be getting support from the activation of microcells, when the
capacity of macro cell cannot fulfill the total demand of the user.

Figure 2: Flowchart of the heuristic solution

When there is no available capacity for the total demand of vehicle users, the macro cell base
station resource is assigned to the user’s preference for accessing the macro cell resource. For example,
the vehicle UE (i.e., high-speed mobile user) has the primary priority, the low-speed mobile user (i.e.,
pedestrian user) has the second primary priority, and the no-speed user (i.e., fixed user) has no such
priority for accessing the resource of macro cell base station (MBS).

5 Numerical Solution

For benchmarking of the mentioned solution, average throughput and handover cost have been
analyzed, which are calculated as follows:
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5.1 The Cost of Handover

The handover cost calculation can be seen in [37]:

� =
{

(S + ∂) ×
∑

i

∑
j

HOij

}
(21)

HOij; i, j ∈ {M, m} represents the arithmetic mean of handovers, from tier i to tier j that takes
place per unit length of a user trajectory. S and ∂ indicate the speed of the mobile user and the delay
experienced for the handover.

The handover on the basis of unit length is expressed in [37]:∑
i

∑
j

HOij = 2
π

(
nmF(xMm)

2(1 + nmx2
Mm)

3
2

+ nmF(xmM)

2(nm + x2
mM)

3
2

+ n2
mF(xmm)

2(nm + nmx2
mm)

3
2

)
− 2 (22)

where, x2
Mm are indicated for the handover from the base station of macro cell to the base station of

micro cell, x2
mM are mentioned the handover from the base station of micro cell to the base station of

macro cell, and x2
mm are showed the handover from microcell to microcell, respectively.

5.2 Calculation Technique for the Average Throughput

The mean value of throughput for MBS and mBS users by the base station of macro cell and
microcell can be expressed as in [37]

TM = BME[ln(1 + SINRM)] (23)

Tm = BmE[ln(1 + SINRm)] (24)

where BM and Bm show the accessible spectrum for the cell of macro and micro, respectively, the user
probability can be expressed by way of [27,38]:

NM = 1.28Nv

1 + nm

√
P̃mM

+ 1 (25)

Nm = 1.28Nv

nm + √
PMm

+ 1 (26)

The power ratios can be expressed as follows,

PMm = PM

Pm

, PmM = 1
PMm

,

P̃Mm = PM

ηPm

, P̃mM = 1

P̃Mm

The average per-user throughput can be calculated from Eqs. (21) and (23)–(26):

AT =
(

TM

NM

+ Tm

Nm

)
(1 − min(1 − �)) (27)
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6 Simulation Setup and Discussion of Results

A simulation scenario has been implemented to quantify the benchmark of the proposed solution
(Fig. 3). To implement a two-tier simulation environment, the Vienna LTE-A simulator has been used.
Tab. 2 shows the simulation parameters, and the area of simulation is set by the value of 81 × 81 Km2.
It has been assumed for the simulation that every mobile user moves with different speeds uniformly in
an arbitrary trajectory. The speed of the mobile users varies in the range of 5 to 150 km/hr. Vertical and
horizontal handover have both been considered for the simulation. The major difference between the
vertical and horizontal handover is that the vertical handover takes place in two different tiers while
the horizontal handover takes place within the same tier. However, both the handovers take place
amid the two BSs. As per the proposed system model, three distinct types of mobile users have been
considered for the simulation, vehicle, pedestrian, fixed mobile users, and the area of the simulation is
81 × 81. The simulation has used the traffic profile that represents the traffic on a working day (Fig. 4)
in Perth CBD [39].

Figure 3: Simulation scenario: City of Perth

Table 2: Values of the parameter [4,36–38]

Description Symbols Values

Macro cell radius Mr 1 Km
Micro cell radius mr 100 m
Bandwidth for the Macro cell BM 8 MHz
Bandwidth for the micro cell Bm 2 MHz

(Continued)
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Table 2: Continued
Description Symbols Values

Bandwidth for the two-tier mobile network B 10 MHz
Macro cell transmission power PM

tx 46 dBm
Microcell transmission power Pm

tx 30 dBm
Number of deployed macro cell nM 1
Number of deployed macro cell nm 39
Path loss components αM , αm 4
Categories of traffic calculation � CBR, VBR, BE
Categories of the mobile user ψ Fixed, pedestrian, vehicle
The set of high-speed movement of mobile user S {S = Slow, Smedium, Shigh}

Figure 4: The network’s traffic load was normalized for each hour of the day

For the study, a recently published handover scheme has been implemented for comparison [37],
which is termed the traditional handover scheme. Only vehicular users have been considered in the
traditional scheme [37], while the problem of frequent handover was addressed through the assignment
of high-speed mobile nodes to the macro base stations. An assumption was made that enough resources
would always be available in macro cells for mobile nodes. Additionally, the traditional approach also
disregards the aspect of power consumption in two-tier networks. Whereas, in practical conditions, the
green communication approach supports the MBS capacity to be first consumed by mobile, nomadic,
and fixed users before small cells are utilized [12]. Considering this idea, the assumption about the
availability of enough resources in the macro cell does not hold valid in the case of the green approach.
Hence, in this study, it has been presented that resource management can be performed to reduce
handover and power consumption in mobile networks.
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6.1 The Cost of Handover, Average Throughput, and the Consumption of Power

Fig. 5 reflects upon the handover cost of the conventional and the proposed model exhibiting the
operational efficiency of the mobile user’s speed. It is evident through the analysis that the cost of
both models increases with the increase in speed. However, the proposed model exhibits low handover
cost due to its association with the preference factor in the resource allocation scheme. This is done by
assigning slow-speed mobile users and fixed uses to smaller cells which results in the release of enough
macro cell resources to be used by high-speed users.

Figure 5: The comparison results for the cost of handover between the values of the proposed
optimization model and the traditional model

Fig. 6 showcases that the power consumption is reduced in the proposed model as opposed to
the traditional model. This is due to the reason that the power consumption problem within a two-
tier network is not considered within the traditional model. Thus, it significantly keeps the higher
number of small cells functional. Nevertheless, due to the inability of the traditional model to consider
the association of preference factors in the resource allocation process, fixed users and nomadic
also get access to microcell resources resulting in vehicular users connecting to smaller cells due
to the unavailability of macrocells. In comparison, the optimum number of microcells selected by
the proposed model in accordance with the aggregate demand makes the model more viable during
different hours of the day.

Figs. 7 to 9 reveal the results of another set of simulations which are derived from different mobile
profiles showcasing the effects of speed for the user equipment’s (UE’s) on the mean value of user
throughput. The mobility profiles in the figures included (a) the speed of low whose value is S = 50
km/h, (b) moderate speed whose value is providing by S = 100 km/h, and (c) the speed of high whose
value is showing by S, = 150 km/h. It can be concluded from Figs. 8 to 10 that the average throughput
provided by the proposed model is higher in comparison with the traditional model. This is due to
the fact that the proposed model has a less overhead cost and better than average throughput. In the
vehicular communications context, higher average throughput is a prominent achievement.
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Figure 6: The comparison results for power consumption between the values of optimization model
and the traditional model

Figure 7: Comparing the average throughput across the suggested model with the traditional approach
(UE’s speed is set low, S = 50 km/h)

Figure 8: Comparing the average throughput across the suggested model with the traditional approach
(UE’s speed is set to moderate, S = 100 km/h)
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Figure 9: Comparing the average throughput across the suggested model with the traditional approach
(UE’s speed is set high speed, S = 150 km/h)

Figure 10: Comparison of handover expenses in heuristic and optimum solution

6.2 Handover Cost, Average Throughput, and the Consumption of Power

A comparison has been presented in Fig. 10 between the handover costs of the proposed
optimization model against the heuristic algorithm as the operational efficiency of the mobile users’
speed. The findings depicted in the figure recommend that the performance of the heuristic algorithm
is compared against the optimization model on the basis of the handover cost.

While comparing the throughput achieved in the heuristic solution and optimization model, it has
been found that there is a slightly higher consumption of the power by the heuristic model as opposed
to the optimum solution (Fig. 11).

When the speed of users rises, the average throughput decreases in both the optimum and heuristic
solutions, as seen in Fig. 12. The heuristic solution, on the other hand, delivers a robust solution at
the expense of a poor average throughput.
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Figure 11: Comparison of power consumption results in heuristic and optimum solution

Figure 12: Comparison of average throughput in optimum and heuristic solution

7 Conclusion

The key strategy for increasing the capacity of the 5G network is known as small cell densification.
However, the drawback of the strategy is that it leads to frequent handovers for the mobile nodes as a
result of limited small cell coverage areas. Since high handover cost is associated with higher overhead
and lower average throughput, frequent handover is found to have a detrimental impact on the mobile
nodes moving at high speeds. The paper presents a mechanism to minimize the power consumption
and handover cost through the allocation of resources among the nomadic, fixed, and vehicular mobile
users in two-tier networks. An introduction of a new term, “association preference factor,” was made,
which is deemed as one of the two goals in the optimization model. Consumption of power has been
kept low by the other objective of the solution, which means fewer carbon footprints and minimized
energy costs for the network provider. This solution was implemented in a simulation scenario during
the study, and the results noted a better output in handover costs, throughput, and power consumption.
Based on the results, it can be stated that the proposed solution has the potential to outperform
the existing solutions. The proposal of the heuristic solution is more efficient as compared to other
optimum solutions. As an immediate future work, we plan to devise yet another novel way to enhance
latency performance.
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