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Abstract
Heterogeneous networks (HetNets) refer to the communication network, consisting of
different types of nodes connected through communication networks deploying diverse
radio access technologies like LTE, Wi‐Fi, Zigbee, and Z‐wave, and using different
communication protocols and operating frequencies. Vertical handover, is the process of
switching a mobile device from one network type to another, such as from a cellular
network to a Wi‐Fi network, and is critical for ensuring a seamless user experience and
optimal network performance, within the handover process handover triggering esti-
mation is one of the crucial step affecting the overall performance. A mathematical
analysis is presented for the handover triggering estimation. The performance evaluation
shows significant improvement in the probability of successful handover using the
proposed handover triggering condition based on speed, distance, and different mobility
models. The handover triggering condition is optimised based on the speed of the mobile
node, handover completion time, and the coverage range of the current and the target
networks of the HetNet node, with due consideration of the mobility model.
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1 | INTRODUCTION

The term Heterogeneous networks (HetNets) environment re-
fers to a situation where diverse wireless network infrastructures
are deployed in the same geographical area to serve diverse
needs, such as the range of connectivity, the required data rate of
communication, power limitations, the speed of themobile node
as shown in Figure 1 [1]. Small cells (femtocells) are considered
one of the components of a HetNet environment, in addition to
traditionalmacrocells. Femtocells use low power access points as
they cover a limited geographical area ranging from 10 to 100 m
[2]. Likewise, the satellite networks can also be part of a HetNet
environment, which can provide coverage in remote or inac-
cessible areas where conventional terrestrial networks are diffi-
cult to install [3]. HetNet environment can be challenging to

design and manage due to the need for coordination among
various types of network infrastructures and the potential
involvement of multiple stakeholders. However, they can pro-
vide significant benefits such as increased coverage, capacity, and
service quality.

Nodes in HetNets are required to have the capability to
connect to diverse networks and are consequently mandated to
cater to the hardware, software, communication protocols, and
network functions of the diverse networks that these nodes
desire to leverage from. Such networks are commonly utilised
in scenarios that require the interconnection of diverse devices
or systems, such as the Internet of Things, where sensors and
actuators need to interact with each other as well as other
systems. Although HetNets offer greater flexibility and stron-
ger capabilities to meet the needs of diverse applications, their
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design and management can be more complex than homoge-
neous networks, which are composed of nodes with similar
characteristics [4, 5].

To maintain connectivity across diverse networks in Het-
Nets, a Vertical handover (VHO) is performed to transfer a
device's connection from one network to another as the mobile
node moves in homogeneous networks and heterogeneous
networks [6, 7]. Compared to horizontal handover, where the
mobile node changes its cell belonging to the same type of
network that is, cellular to cellular or Wi‐Fi to WiFi, vertical
handovers are more complicated due to the diversity in hard-
ware, software, and communication protocols of the nodes and
networks. Therefore, a robust and flexible handover protocol
that can handle the different types of nodes and connections is
necessary [8, 9]. Several challenges must be considered when
designing handover protocols for HetNets, such as ensuring a
quick and efficient handover process to minimise connection
disruption, minimising power consumption and battery life
impact on low‐power devices, and addressing issues, such as
security, network load, and coverage [8, 10, 11].

1.1 | Vertical handover

VHO refers to the process of transferring a wireless device's
connection from one network type to another. For example, a
smartphone may switch from a cellular network to a WiFi
network as the user moves around [12, 13]. The objective of
optimisation in this scenario is to ensure that the handover
process is as seamless as possible, minimising disruption to the
device's connection. Several techniques can be used to
accomplish this goal [14], including measurement‐based
handover, which involves gathering information about the
connection quality on different networks at regular intervals
and using that data to determine the optimal time for per-
forming a handover [15, 16].

1.2 | Types of handover

Predictive handover is a technique that utilises the historical
data of a device's movements and network usage patterns to
predict when a handover may be needed and initiate the

process beforehand [17]. Cooperative handover is another
technique that involves multiple devices or networks cooper-
ating to coordinate the handover process, resulting in a more
seamless transition between networks [18]. Context‐aware
handover is a method that considers additional information
about the device's environment, such as its location and
network availability, to make more informed decisions about
when to perform a handover [19]. The authors in ref. [20]
proposed energy‐efficient VHO techniques by incorporating
two functions one for scanning and optimal network and other
function for taking handover decision based on network
conditions.

The act of handover involves transferring authority or
control from one entity to another. In order to execute a
handover, it is necessary to determine the need for a hand-
over, select the appropriate target for the handover, the
timing of the handover, and define the conditions that will
trigger the handover process [21–23]. Handover necessity
estimation (HNE) is the process of determining whether a
handover is necessary based on various factors, such as
resource availability, the complexity of the task, and potential
risks [24, 25]. Handover target selection (HTS) involves
selecting the most suitable target channel for the handover,
considering factors such as the target channel capacity and
capabilities [26, 27].

The process of determining the conditions that will initiate
the handover, such as the availability of resources, and
completion of a task, is known as handover triggering condi-
tion estimation (HTCE). Once the decisions about HNE,
Handover target selection, and HTCE have been made, the
handover process can commence. It is crucial to make these
decisions thoughtfully as they can significantly affect the effi-
ciency of the handover process.

2 | HANDOVER TRIGGERING
CONDITION ESTIMATION

HTCE is a crucial step in the handover process as it involves
transferring control for a task or network to another. It is vital
that the handover is triggered at the appropriate time, neither
too soon nor too late, to ensure a smooth and efficient transfer
[28]. HTCE is important as it helps to minimise the risk of
errors or delays by carefully establishing the triggering condi-
tions for the handover. This, in turn, can improve the overall
efficiency of the handover process. Various approaches are
used to determine the triggering conditions for HTCE and
handover. Some of the current HTCE schemes are discussed
in Table 1.

To trigger a handover at a specific time, such as the end of
a shift or the completion of a particular task, is known as the
time‐based triggering approach. This method can be effective
when the delegated tasks or activities are well‐defined and have
a predictable duration [29]. Event‐based triggering is a method
of triggering a handover when a specific event occurs, such as
the arrival of a critical component or the completion of a
maintenance procedure. This method can be useful when the

F I GURE 1 Future heterogeneous network example.
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tasks or activities being delegated are more complex or un-
predictable [30].

The method of triggering a handover based on the per-
formance of the entity that is currently performing the task or
activity is called performance‐based handover triggering. The
performance of the entity can be measured based on various
factors such as their rate of progress, quality of work, or level
of fatigue. This method is particularly useful when it is crucial
to complete tasks or activities to a high standard. Several
studies have explored different aspects of performance‐based
triggering, such as the use of weighted criteria to measure
performance [31] and the integration of cooperative techniques
to improve performance [18]. Resource‐based triggering is a
handover approach that triggers the handover based on the
availability of resources. This method is particularly helpful
when the tasks require a significant amount of resources to
complete effectively [32]. Additionally, several hybrid ap-
proaches combine various elements of the above schemes to
trigger the handover at the most appropriate time [33, 34].

The decision to trigger a handover in a VHO process often
takes into account the received signal strength level and quality
of service (QoS) metrics [35]. In a QoS‐based VHO algorithm,
when the current bandwidth falls below that of the serving
network, the user's connectivity is switched to a candidate
network with higher bandwidth, enhancing the user's perceived
quality of the connection. However, in a vehicular environ-
ment, where the mobile node moves at high speeds and spends
limited time in a new coverage area, this approach may not
always be practical [36]. In a highly mobile and dynamic
environment, relying solely on QoS requirements may not be
sufficient for accurate and effective handover decisions. Hence,
it is crucial to also consider other factors such as the move-
ment pattern and locality information of the mobile node [35,
36]. Considering these factors can help improve the accuracy
and effectiveness of handover decisions in such environments.

The rest of the paper is divided into four sections, that is,
Section 3 discusses mobility models, Section 4 discusses HTCE,
and Section 4.1 discusses Urban Environment Scenarios. Sec-
tion 4.2 covers handover prediction based on average speed,
Section 4.3 covers handover conditions, and Section 5 presents
simulation results. Finally, the conclusion is in Section 6.

3 | MOBILITY MODELS FOR URBAN
ENVIRONMENTS

Mobility models refer to mathematical representations of the
movement patterns of individuals or groups in a given area.
These models are utilised to simulate the movement of mobile
nodes in a city. Based on the factors that influence a mobile
node's movement, mobility models are classified into different
categories as follows. Temporal dependency models consider
the node's previous movement, whereas spatial dependency
models account for the correlation of movement among
various nodes. Bounded mobility models consider geographical
constraints, such as streets, freeways, and obstacles. The study
of the impact of different factors such as transportation on the
movement of people, vehicles, or other mobile nodes in a
particular area can be facilitated by these models [37].

3.1 | Random waypoint model

The Randomwaypoint model (RWM) is a widely usedmodel for
simulating the movement of mobile nodes in wireless networks.
It is a simple model that randomly selects a destination for a
mobile node and then moves that node to the destination at a
constant speed. The RWM is often used to simulate the move-
ment of mobile users in wireless networks, such as those in
mobile Adhoc networks (MANETs) or cellular networks.

Despite the RWM's ease of implementation lack some
important mobility characteristics that limit its applicability in
real‐world scenarios. One limitation is the lack of spatial and
temporal dependence on velocity, as well as the lack of
geographical restrictions. The velocity of a mobile node in an
RWM model is considered a memoryless independent process,
which means that the velocity at the current location is inde-
pendent of the velocity at the previous location. This ignores
the extreme mobility cases such as sudden stops, sharp turns,
and sudden acceleration, which can occur in the RWM traces.
However, in real‐world scenarios, the speed of vehicles in-
creases gradually. Additionally, the movement of a mobile node
may be limited by obstructions such as buildings, streets,
freeways, or blind spots, which are not accounted for in the

TABLE 1 Comparison of handover triggering schemes.

Approach Reference Advantages Disadvantages

Time‐based triggering [29] Useful for tasks with predictable
duration

Unsuitable for unpredictable tasks where handover should be triggered based on
network conditions or user requirements.

Event‐based triggering [30] Useful for complex or unpredictable
tasks

Not effective for predictable tasks as it may lead to unnecessary handovers.

Can be more responsive to sudden changes in the environment.

Performance‐based
triggering

[31] Useful for high‐quality task
completion

Difficult to assess performance accurately, May lead to frequent handovers if the
performance metric threshold is not appropriately set.

Resource‐based
triggering

[32] Useful for resource‐intensive tasks May overlook other important factors such as application performance or time
sensitivity & can lead to unnecessary handovers.

Hybrid‐based triggering [33, 34] Can take into account multiple
factors

Complex to implement and maintain. Finding the right combination of factors for
triggering can be challenging.

MALIK ET AL. - 3
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RWM. The RWM suffers from two issues, that is, (i) sharp
turns and abrupt stops, where a sharp turn occurs when the
direction changes between 900 and 1800 and (ii) a sudden stop
occurs when there is a change in speed that is unrelated to the
previous speed [38].

3.2 | Freeway mobility model

The Freeway Mobility Model (FMM) is a vehicle movement
model that can simulate the movement of vehicles on a
highway or freeway based on the assumption that vehicles
move in a straight line at a constant speed and stay within
predefined lanes [39]. The FMM has been widely used in
vehicular ad hoc networks and cellular networks to simulate
vehicle movement. The model's parameters include the dis-
tance travelled on the freeway, the number of lanes, the
maximum speed of vehicles, the number of vehicles on the
freeway, the traffic flow direction, the separation between ve-
hicles, and the time required for a vehicle to change lanes.
Using the FMM, the impact of factors such as traffic
congestion, traffic flow, and communication infrastructure
deployment on wireless network performance in vehicular
environments can be investigated.

3.3 | Manhattan mobility model

The Manhattan Mobility Model (MMM) is a mobility model
used to simulate the movement of mobile nodes in a grid‐like
environment, such as a city [40]. This model requires that the
node movement is restricted by the street layout of the city.
The mobile node can travel horizontally or vertically along the
grid of the city streets and make turns at intersections. Unlike
the FMM, the mobile node in the MMM can change direction,
with a 0.5 probability of continuing straight and a 0.25 prob-
ability of turning left or right at each intersection. The MMM is
heavily dependent on both time and space. This model is
commonly used to simulate mobile user movement in urban
environments, such as those found in MANETs or cellular
networks. Parameters such as the grid size, the number of
nodes in the grid, the maximum node speed, the interval be-
tween movements, and the probability of changing course can
be used to define the MMM. The MMM can be utilised to
investigate the impact of various factors on the performance of
wireless networks in urban environments, such as urban
planning, traffic congestion, and the deployment of commu-
nication infrastructure. Several papers have proposed advanced
versions or variations of the MMM, including the Correlated
Manhattan Mobility Model and Group Mobility Model.

4 | PROPOSED HTCE MODEL

To ensure a seamless transition between wireless access net-
works, the timing of handover triggering is crucial. This
handover triggering point is determined by various factors

such as the speed and direction of the mobile device, network
density, type of mobility model, and environment. Different
techniques, including signal strength‐based, time‐based, hybrid,
and location‐based handover, can be used for this prediction as
discussed in the following section.

4.1 | Urban environment scenario for
handover triggering estimation

The scenario involves a mobile node moving within a vehicular
environment at speeds ranging from 10 to 40 km/h. The
network infrastructure is comprised of multiple heterogeneous
wireless access networks that partially cover the road, with the
trajectory of the mobile node constrained by main roads, side
roads, and streets. The straight road is assumed to have full Wi‐
Fi coverage, while the side streets have cellular coverage.

In Monika et al. [41], when a mobile node reaches a
junction in the urban scenario, it has a 50% probability of
proceeding straight and a 25% probability of turning left or
right. If the node decides to turn left, it needs to perform a
handover to another 3G cellular network to maintain an
ongoing call. Typically, if the mobile node maintains its speed
at the junction, it is assumed that it intends to proceed straight.
However, if the speed decreases below a certain limit, it in-
dicates that the mobile node is turning left or right. Accurately
predicting the handover trigger point based on speed can help
prevent call drops and other network service issues.

The depicted scenario in Figure 2 illustrates a junction and
coverage scenario with mobile nodes represented by orange
dots and their speeds indicated by arrows. The mobile node
travelling straight is indicated by a black and bold arrow, rep-
resenting its direction and higher speed compared to the mo-
bile nodes turning left or right. On the other hand, the mobile
nodes intending to turn at the junction have their speed rep-
resented by a blue arrow, accompanied by a thin blue line
indicating their slower speed compared to the nodes going
straight.

4.2 | Handover prediction based on the
average speed

The technique for predicting handover for a mobile node
turning at a junction involves the average speed before the
junction. Figure 3 shows a depiction of the technique with
similar junction and coverage details to the actual scenario.
Speed checkpoints are represented by orange dots, while blue
dots represent the final speed at the time of the turn. The
respective speed observed at each checkpoint is used to
calculate the average speed. Although the average speed should
ideally be calculated at the time of turning, speed samples are
taken before the junction to assess the technique's adaptability.

Figure 3 also shows the handover triggering area, which
refers to the region where the proposed technique is expected
to accurately predict the handover decision. This triggering
area is not fixed and varies based on the system's capacity to

4 - MALIK ET AL.
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perform handover within a specific region. The proposed
technique's effectiveness is evaluated by testing its perfor-
mance within different triggering areas, and the results are
compared to determine its adaptability and reliability. By

analysing the performance of the proposed technique within
various triggering areas, better insights into its ability to
accurately predict handover decisions can be gained.

The flow chart depicted in Figure 4 provides a detailed
explanation of the proposed technique's functionality. The
technique starts by collecting speed data at the speed check-
points and calculating the average speed. The assumption
about the mobile node's turning is made based on this average
speed. If the average speed falls below a certain limit, the node
is assumed to be turning, and the handover process is initiated.
This approach is justified as a decrease in speed is expected
when a mobile node turns at a junction.

To validate the assumption, another check is performed
based on the final speed, that is, the actual speed at the time of
turning. This step ensures that the prediction is accurate and
avoids unnecessary handovers. Furthermore, the handover la-
tency time is also considered to ensure that the handover
process is completed within a certain time frame. If the speed
is higher than the mobile node will not be able to complete the
handover for the given handover latency and will lead to
handover failure. This is important as an unsuccessful hand-
over may result in call drop and QoS degradation. Overall, this
technique ensures that handover is initiated at the right time
and in the right manner, resulting in a smooth handover pro-
cess for the mobile node.

4.3 | Handover condition

Handover‐triggering conditions are specific criteria or events
that signal the need for a handover to occur in a wireless
network. These conditions are used to determine when a
mobile device should switch its connection from one base
station (or access point) to another to maintain continuous and
seamless communication.

In this work, the handover process is triggered based on an
assumption that can be represented by the following equation:

1
N

XN

n¼1
V ðnÞ < Vlim ð1Þ

Here, N is the number of speed samples, V is the speed vector,
and Vlim is the speed limit for triggering the handover. If the
average speed calculated from the speed samples falls below
the predefined speed limit, the assumption is made that the
mobile node is turning, and the handover process is initiated.

Similarly, the success of the handover process is deter-
mined by the following equation:

latency <
Db

Vfinal
ð2Þ

Here, Db is the block distance, and Vfinal is the final speed of
the mobile node in metres per second at the time of turning. If
the time taken by the mobile node to cover the block distance
is less than the handover latency, the handover is considered

F I GURE 2 Urban environment scenario for handover triggering
estimation.

F I GURE 3 Representation of handover prediction technique.
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successful, for example, real‐time application has a very strin-
gent requirement on latency.

4.4 | Probability of successful handover

Considering the relationships 1 and 2, we obtain the proba-
bility of successful handover (Phandover) as follows:

Phandover ¼ P

 
Db

Vfinal
< latency

!

ð3Þ

where P
�

Db
Vfinal

< latency
�
is the probability that the time taken

by the mobile node to cover the block distance is less than the
handover latency time.

We can calculate Phandover for different values of speed and
latency, block distance, averaging samples, and decision dis-
tance using the above equation. Equations (2) and (3) com-
bined together to get the probability of successful handover in
terms of speed, latency, and block size as follows:

Phandover ¼ PðV < VlimÞ ⋅ P

 
Db

Vfinal
< latency

!

ð4Þ

Where P(V < Vlim) is the probability that the average speed

falls below the predefined speed limit and P
�

Db
Vfinal

< latency
�
is

the probability that the time taken by the mobile node to cover
the block distance is less than the handover latency time, given
that the mobile node is turning.

Assuming that the speed of the mobile node follows a
Gaussian distribution with mean μ and standard deviation σ,
we can calculate P(V < Vlim) as follows:

PðV < VlimÞ ¼

Z Vlim

0

1
σ
ffiffiffiffiffiffi
2π
p exp

 

−
ðv − μÞ2

2σ2

!

dv ð5Þ

Similarly, assuming that the time taken by the mobile node
to cover the block distance follows a Gaussian distribution
with mean μt and standard deviation σt, we can calculate

P
�

Db
Vfinal

< latency
�
as follows:

P

 
Db

Vfinal
< latency

!

¼
R

Db
latency⋅Vfinal
0

1
σt

ffiffiffiffiffiffi
2π
p exp

 

−
�
t − μt

�2

2σ2
t

!

dt

ð6Þ

Combining the two equations, we get the final expression
for the handover success probability:

Phandover ¼
RVlim
0

1
σ
ffiffiffiffiffiffi
2π
p exp

 

−
ðv − μÞ2

2σ2

!

dv

⋅
R

Db
latency⋅Vfinal
0

1
σt

ffiffiffiffiffiffi
2π
p exp

 

−
�
t − μt

�2

2σ2
t

!

dt

ð7Þ

To calculate the values of Phandover for different values of
speed and latency, we need to specify the values of Vlim, Db,
Vfinal, μ, σ, μt, and σt. We can then use numerical integration
techniques to evaluate the above integral.

4.5 | Block distance and decision distance

As block distance and decision distance have a direct impact on
the probability of successful handover, the Equation (7) can be
extended to incorporate these parameters yielding the
following equation:

Phandover

¼

8
>>>><

>>>>:

1;& if

Dd

V
≥ Tlat

Dd

V ⋅ Tlat

�
Db

Dd
−

Db

V ⋅ Tlat

�

;

& otherwise

ð8Þ

Note that if the decision distanceDd is greater than the block
distanceDb, then the probability of successful handover is always
1, as the mobile node will have enough time to complete the
handover process before reaching the decision point.

F I GURE 4 Flow chart of the proposed technique.
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To incorporate the impact of speed on handover success
probability, we can introduce a speed factor fs as follows:

PhandoverðV Þ ¼

8
>>>>>>>>><

>>>>>>>>>:

1;& if

Dd

V
≥ Tlat

Dd

V ⋅ Tlat

�

�
Db

Dd
−

Db

V ⋅ Tlat

�

f sðV Þ;

& otherwise

ð9Þ

where fs(V) is a function that maps the speed V to a value
between 0 and 1, representing the impact of speed on hand-
over success probability.

To incorporate the impact of decision distance on hand-
over success probability, we can introduce a decision distance
factor fd as follows:

PhandoverðV ;DdÞ

¼

8
>>>>>>>>><

>>>>>>>>>:

1;& if

Dd

V
≥ Tlat

Dd

V ⋅ Tlat

�

�
Db

Dd
−

Db

V ⋅ Tlat

�

f sðV ÞfdðDdÞ;

& otherwise

ð10Þ

where fd(Dd) is a function that maps the decision distance Dd
to a value between 0 and 1, representing the impact of decision
distance on handover success probability.

4.6 | Data transfer rate

To calculate the data transfer rate in Mbps, we can use the
following equation:

Data Transfer Rate

¼
Packet Size�Number of Packets

Total Transfer Time
ð11Þ

Here, the packet size and number of packets are assumed
to be fixed. The total transfer time can be calculated using the
following equation:

Total Transfer Time¼
Decision Distance

Vavg
ð12Þ

where Vavg is the average speed of the mobile node. We can
calculate the data transfer rate for different values of speed and
decision distance using the above equation.

5 | SIMULATION AND RESULTS

The performance evaluation of the proposed handover trig-
gering condition based on different factors is performed us-
ing Monte Carlo simulation in MATLAB. The simulations
were performed over one million repetitions to obtain an
average. The first step of the simulation involved generating
the mobile node's speed profile using a random process. The
speed profile was then used to select speed samples along the
path. The number of speed samples was varied to determine
the effectiveness of the proposed handover technique.
Figure 5 depicts a representative mobile node's speed profile,
where the blue line represents the actual speed along the
path, and the red lines represent the selected speed samples.
The average speed, depicted by the dotted green line, was
calculated using these speed samples to initiate the handover
process. The distance between the junction and the point
where the average speed is calculated was also varied in the
simulation. The handover triggering area, which is the block
distance required to complete the handover process, was also
changed to evaluate the proposed technique's effectiveness.
Finally, the latency time, which is critical in determining the
system's efficiency in performing the handover, was also
varied in the simulations.

5.1 | Results and discussions

To evaluate the performance of the proposed technique,
simulations were conducted for the scenario and parameters
discussed earlier. The simulation results, as shown in Figure 6,
were obtained by varying the handover latency, and it can be
observed that as the handover latency increases, the successful
handover probability decreases. This is due to the fact that at
the given speed and latency the mobile node exits the coverage
of the current access point before it is connected to the target
access point. As mentioned earlier, handover latency is an in-
dicator of the system's efficiency in performing handover; a
lower latency indicates a more efficient system that can
perform handover in less time.

The handover probability is evaluated by varying the block
distance, which is a measure of service coverage, and de-
termines the distance at which handover should be triggered.
The results depicted in Figure 7 clearly indicate that increasing
the block distance leads to a higher handover probability. This
result is expected since increasing the block distance provides
more time for the handover process to be completed suc-
cessfully. The block distance is a critical parameter that affects
the handover process's performance, and it must be carefully
selected to balance service coverage with HSP.

The next result shows the impact of the number of speed
samples on handover probability, as depicted in Figure 8. As
the number of speed samples increases, the handover proba-
bility also increases. This is because more speed samples pro-
vide a more accurate representation of the mobile node's speed
profile, allowing for better decision‐making in terms of
handover. However, it is important to note that increasing the
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number of speed samples also increases the computational
complexity of the technique.

The variation of the decision distance is a crucial parameter
in evaluating the proposed technique's performance. The de-
cision distance refers to the distance from the last averaging
point to the turning junction. As the decision distance in-
creases, the last sample is chosen farther away from the junc-
tion, which can affect the difference between the average and
final speed. The impact of the decision distance on handover
probability is depicted in Figure 9, where it can be seen that
increasing the decision distance leads to a decrease in the
handover probability. This is because the longer the decision
distance, the more likely it is for the mobile node's actual speed
to differ significantly from the average speed, making it more
difficult to predict the handover time accurately. Therefore, the
decision distance is a critical parameter to consider in opti-
mising the proposed handover technique's performance.

datat ≈

2

6
6
6
6
4

do − dd
1
N

XN

n¼1
V ðnÞ

3

7
7
7
7
5
�DWiFi

þ

2

6
6
6
6
4

dd
1
N

XN

n¼1
V ðnÞ

3

7
7
7
7
5
�Dcellular

ð13Þ

The system parameters used in the simulation scenario
include the distance of observation (do), decision distance

F I GURE 5 Speed profile of the mobile node.

F I GURE 6 Handover probability for different values of handover
latency.

F I GURE 7 Handover probability for different values of block
distance.

F I GURE 8 Handover probability as the number of averaging points is
varied.
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before the turn (dd), Wi‐Fi data rate (DWiFi), and cellular data
rate (Dcellular). The distance of observation represents the
range within which the system can detect and hand over the
mobile node from Wi‐Fi to cellular networks. The decision
distance before the turn indicates the point at which the
handover decision is made. The Wi‐Fi and cellular data rates
represent the amount of data that can be transferred per unit
of time over each network. These parameters play an impor-
tant role in determining the system's performance, and they
were carefully chosen to reflect realistic values that are
commonly used in practice. Specifically, in the simulations, the
distance of observation was set to 2000 m, the decision dis-
tance before the turn was varied, the Wi‐Fi data rate was set to
11 Mbps, and the cellular data rate was set to 0.2 Mbps.

Figure 10 illustrates that when the average speed of the
mobile node is lower, there is a higher data transfer. This is
because the slower speed allows the mobile node to spend more
time in both the observation distance and the Wi‐Fi region. On
the other hand, when the speed is increased, the mobile node
spends less time in these regions, resulting in a decrease in data
transferred. This observation is quite evident in the graph 10
where the slower node spendsmore time in theWi‐Fi region, and
thus, more data is transferred compared to the faster node.

6 | CONCLUSION

This research paper presented a detailed mathematical and
performance analysis for the VHO triggering estimation in
heterogeneous mobile networks. The study demonstrates that
handover latency and block distance have a significant impact on
system performance efficiency. By selecting appropriate values
for these parameters, handovers can be successfully performed
for fast‐moving mobile nodes. Increasing the number of aver-
aging points enhances the handover success rate, but only if the
average speed is calculated as close to the turning junction as

possible. In conclusion, the proposed handover scheme pro-
vides an effective solution for maintaining a seamless network
connection for vehicular nodes, leading to a better user experi-
ence and improved network performance.

Applying this model by considering various handover tech-
niques used in heterogeneousmobile network environments and
its evaluation is one of the main future research directions.

ACKNOWLEDGEMENTS
There is no funding information to report.

AUTHOR CONTRIBUTIONS
Asad Ali Malik, Adeel Iqbal, Atif Shakeel, Riaz Hussain:
Conception and design of study, Simulation, Acquisition of
data, Writing ‐ original draft. Asad Ali Malik, Adeel Iqbal, Ali
Nauman, Muhammad Ali Jamshed, Riaz Hussain: Analysis
and/or interpretation of data, Writing ‐ original draft. Asad Ali
Malik, Adeel Iqbal, Ali Nauman, Riaz Hussain: Writing ‐ re-
view and editing.

CONFLICT OF INTEREST STATEMENT
There is no conflict of interest.

DATA AVAILABILITY STATEMENT
All data generated or analysed during this study are available
and included in this published article.

ORCID
Muhammad Ali Jamshed https://orcid.org/0000-0002-
2141-9025
Adeel Iqbal https://orcid.org/0000-0001-8692-173X

REFERENCES
1. Hussain, R., et al.: Minimizing unnecessary handovers in a heterogeneous

network environment. Przeglad Elektrotechniczny 88(9b), 314–318
(2012)

2. Cai, S., et al.: Green 5g heterogeneous networks through dynamic small‐
cell operation. IEEE J. Sel. Area. Commun. 34(5), 1103–1115 (2016).
https://doi.org/10.1109/jsac.2016.2520217

F I GURE 9 Handover probability for different values of decision
distance.

F I GURE 1 0 Effects of early handover upon the data transfer.

MALIK ET AL. - 9

 20474962, 0, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/ntw

2.12120 by U
niversity O

f G
lasgow

, W
iley O

nline L
ibrary on [10/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-2141-9025
https://orcid.org/0000-0002-2141-9025
https://orcid.org/0000-0002-2141-9025
https://orcid.org/0000-0001-8692-173X
https://orcid.org/0000-0001-8692-173X
https://doi.org/10.1109/jsac.2016.2520217
https://orcid.org/0000-0002-2141-9025
https://orcid.org/0000-0001-8692-173X


3. Feng, B., et al.: Hetnet: a flexible architecture for heterogeneous satellite‐
terrestrial networks. IEEE Netw. 31(6), 86–92 (2017). https://doi.org/
10.1109/mnet.2017.1600330

4. Omoniwa, B., et al.: A novel model for minimizing unnecessary handover
in heterogeneous networks. Turk. J. Electr. Eng. Comput. Sci. 26(4),
1771–1782 (2018). https://doi.org/10.3906/elk‐1710‐200

5. Khan, S.A., et al.: Handover management over dual connectivity in 5g
technology with future ultra‐dense mobile heterogeneous networks: a
review. Eng. Sci. Technol. Int. J. 35, 101172 (2022). https://doi.org/10.
1016/j.jestch.2022.101172

6. Hussain, R., et al.: A host based autonomous scheme for seamless ver-
tical handover. Przeglad Elektrotechniczny 33(2097), 314–318 (2012)

7. Tashan, W., et al.: Mobility robustness optimization in future mobile
heterogeneous networks: a survey. IEEE Access 10, 45522–45541
(2022). https://doi.org/10.1109/access.2022.3168717

8. Stamou, A., et al.: Autonomic handover management for heterogeneous
networks in a future internet context: a survey. IEEE Commun. Surv.
Tutor. 21(4), 3274–3297 (2019). https://doi.org/10.1109/comst.2019.
2916188

9. Li, Y., Cao, B., Wang, C.: Handover schemes in heterogeneous lte net-
works: challenges and opportunities. IEEE Wireless Commun. 23(2),
112–117 (2016). https://doi.org/10.1109/mwc.2016.7462492

10. Lampropoulos, G., Salkintzis, A.K., Passas, N.: Media‐independent
handover for seamless service provision in heterogeneous networks.
IEEE Commun. Mag. 46(1), 64–71 (2008). https://doi.org/10.1109/
mcom.2008.4427232

11. Lopez‐Perez, D., Guvenc, I., Chu, X.: Mobility management challenges in
3gpp heterogeneous networks. IEEE Commun. Mag. 50(12), 70–78
(2012). https://doi.org/10.1109/mcom.2012.6384454

12. Duong, T.M., Kwon, S.: Vertical handover analysis for randomly deployed
small cells in heterogeneous networks. IEEE Trans. Wireless Commun.
19(4), 2282–2292 (2020). https://doi.org/10.1109/twc.2019.2963829

13. Naresh, M., Venkat‐Reddy, D., Ramalinga‐Reddy, K.: Vertical handover
in heterogeneous networks using wdwwo algorithm with nn. Int. J.
Electron. 108(12), 2078–2099 (2021). https://doi.org/10.1080/
00207217.2021.1891578

14. Márquez‐Barja, J., et al.: An overview of vertical handover techniques:
algorithms, protocols and tools. Comput. Commun. 34(8), 985–997
(2011). https://doi.org/10.1016/j.comcom.2010.11.010

15. Cabellos‐Aparicio, A., et al.: Measurement based analysis of the handover
in a wlan mipv6 scenario. In: International Workshop on Passive and
Active Network Measurement, pp. 203–214. Springer (2005)

16. Montazerin, S.M., Soltanaghaei, M.: Handover decision algorithm for
heterogeneous wireless network with approaches multi‐attribute
decision‐making technique. Int. J. Wireless Mobile Comput. 24(3‐4),
274–286 (2023). https://doi.org/10.1504/ijwmc.2023.10056715

17. Magnano, A., et al.: A novel predictive handover protocol for mobile ip
in vehicular networks. IEEE Trans. Veh. Technol. 65(10), 8476–8495
(2015). https://doi.org/10.1109/tvt.2015.2503703

18. Arshad, R., et al.: Cooperative handover management in dense cellular
networks. In: 2016 IEEE Global Communications Conference
(GLOBECOM), pp. 1–6. IEEE (2016)

19. Guidolin, F., et al.: Context‐aware handover policies in hetnets. IEEE
Trans. Wireless Commun. 15(3), 1895–1906 (2015). https://doi.org/10.
1109/twc.2015.2496958

20. Satapathy, P., Mahapatro, J.: Energy‐efficient vertical handover in het-
erogeneous networks. In: 2021 IEEE International IOT, Electronics and
Mechatronics Conference (IEMTRONICS)., pp. 1–7. IEEE (2021)

21. Abrar, S., et al.: A new method for handover triggering condition esti-
mation. IEICE Electron. Express 9(5), 378–384 (2012). https://doi.org/
10.1587/elex.9.378

22. Martikainen, H., et al.: On the basics of conditional handover for 5g
mobility. In: 2018 IEEE 29th Annual International Symposium on
Personal, Indoor and Mobile Radio Communications (PIMRC), pp. 1–7.
IEEE (2018)

23. Subramani, M., Kumaravelu, V.B.: A three‐stage fuzzy‐logic‐based
handover necessity estimation and target network selection scheme for

next generation heterogeneous networks. J. Circ. Syst. Comput. 29(06),
2050092 (2020). https://doi.org/10.1142/s0218126620500929

24. Madaan, J., Kashyap, I.: A novel handoff necessity estimation approach
based on travelling distance. Int. J. Intell. Syst. Appl. 12(1), 46–57 (2018).
https://doi.org/10.5815/ijisa.2018.01.06

25. Hussain, R., et al.: Vertical handover necessity estimation based on a new
dwell time prediction model for minimizing unnecessary handovers to a
wlan cell. Wireless Pers. Commun. 71(2), 1217–1230 (2013). https://doi.
org/10.1007/s11277‐012‐0870‐5

26. Babatunji, O.: Considering fading effects for vertical handover in
heterogenous wireless networks. arXiv preprint. arXiv:14122161. (2014)

27. Adnan, M., Zen, H., Othman, A.K.: Vertical handover decision processes
for fourth generation heterogeneous wireless networks. Asian J. Appl.
Sci. 1(5) (2013)

28. Kassar, M., Kervella, B., Pujolle, G.: An overview of vertical handover de-
cision strategies in heterogeneous wireless networks. Comput. Commun.
31(10), 2607–2620 (2008). https://doi.org/10.1016/j.comcom.2008.01.044

29. He, Y., et al.: Effect of channel fading and time‐to‐trigger duration on
handover performance in uav networks. IEEE Commun. Lett. 25(1),
308–312 (2020). https://doi.org/10.1109/lcomm.2020.3024686

30. Hajar, M.S., et al.: Performance analysis of vertical handover using pre-
dictable lgd event based on ieee 802.21. In: 2021 IEEE International
Conference on Communications Workshops (ICC Workshops), pp. 1–6.
IEEE (2021)

31. Jansen, T., et al.: Weighted performance based handover parameter
optimization in lte. In: 2011 IEEE 73rd Vehicular Technology Confer-
ence (VTC Spring), pp. 1–5. IEEE (2011)

32. Bless, R., et al.: A quality‐of‐service signaling architecture for seamless
handover support in next generation, ip‐based mobile networks. Wireless
Pers. Commun. 43(3), 817–835 (2007). https://doi.org/10.1007/s11277‐
007‐9260‐9

33. Wu, X., O’Brien, D.C.: A novel machine learning‐based handover scheme
for hybrid lifi and wifi networks. In: 2020 IEEE Globecom Workshops
(GC Wkshps.), pp. 1–5. IEEE (2020)

34. Zhou, Y., Ai, B.: Handover schemes and algorithms of high‐speed mobile
environment: a survey. Comput. Commun. 47, 1–15 (2014). https://doi.
org/10.1016/j.comcom.2014.04.005

35. Goutam, S., Unnikrishnan, S.: Qos based vertical handover decision al-
gorithm using fuzzy logic. In: 2019 International Conference on Nascent
Technologies in Engineering (ICNTE), pp. 1–7. IEEE (2019)

36. Mir, Z.H., et al.: Enabling dsrc and c‐v2x integrated hybrid vehicular
networks: architecture and protocol. IEEE Access 8, 180909–180927
(2020). https://doi.org/10.1109/access.2020.3027074

37. Mohimani, G.H., et al.: Mobility modeling, spatial traffic distribution, and
probability of connectivity for sparse and dense vehicular ad hoc net-
works. IEEE Trans. Veh. Technol. 58(4), 1998–2007 (2008). https://doi.
org/10.1109/tvt.2008.2004266

38. Campbell, G.R., Lelieveldt, J., Vermeulen, B.: A random waypoint mobility
model for ad hoc network research. Wirel. Netw. 7(5), 487–497 (2001)

39. Wu, H.K., et al.: Freeway mobility model for vehicular ad hoc networks.
IEEE J. Sel. Area. Commun. 23(10), 1962–1972 (2005)

40. Ramasubramanian, R.S., Papagiannaki, K.P.: The manhattan mobility
model for ad hoc network research. IEEE J. Sel. Area. Commun. 23(10),
1953–1961 (2005)

41. Monika, A.K., Shekhar, M.: Network simulators for next generation
networks: an overview. Int. J. Mob. Netw. Commun. Telemat. 4, 39–51
(2014). https://doi.org/10.5121/ijmnct.2014.4404

How to cite this article: Malik, A.A., et al.:
Performance evaluation of handover triggering
condition estimation using mobility models in
heterogeneous mobile networks. IET Netw. 1–10
(2024). https://doi.org/10.1049/ntw2.12120

10 - MALIK ET AL.

 20474962, 0, D
ow

nloaded from
 https://ietresearch.onlinelibrary.w

iley.com
/doi/10.1049/ntw

2.12120 by U
niversity O

f G
lasgow

, W
iley O

nline L
ibrary on [10/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1109/mnet.2017.1600330
https://doi.org/10.1109/mnet.2017.1600330
https://doi.org/10.3906/elk-1710-200
https://doi.org/10.1016/j.jestch.2022.101172
https://doi.org/10.1016/j.jestch.2022.101172
https://doi.org/10.1109/access.2022.3168717
https://doi.org/10.1109/comst.2019.2916188
https://doi.org/10.1109/comst.2019.2916188
https://doi.org/10.1109/mwc.2016.7462492
https://doi.org/10.1109/mcom.2008.4427232
https://doi.org/10.1109/mcom.2008.4427232
https://doi.org/10.1109/mcom.2012.6384454
https://doi.org/10.1109/twc.2019.2963829
https://doi.org/10.1080/00207217.2021.1891578
https://doi.org/10.1080/00207217.2021.1891578
https://doi.org/10.1016/j.comcom.2010.11.010
https://doi.org/10.1504/ijwmc.2023.10056715
https://doi.org/10.1109/tvt.2015.2503703
https://doi.org/10.1109/twc.2015.2496958
https://doi.org/10.1109/twc.2015.2496958
https://doi.org/10.1587/elex.9.378
https://doi.org/10.1587/elex.9.378
https://doi.org/10.1142/s0218126620500929
https://doi.org/10.5815/ijisa.2018.01.06
https://doi.org/10.1007/s11277-012-0870-5
https://doi.org/10.1007/s11277-012-0870-5
https://doi.org/10.1016/j.comcom.2008.01.044
https://doi.org/10.1109/lcomm.2020.3024686
https://doi.org/10.1007/s11277-007-9260-9
https://doi.org/10.1007/s11277-007-9260-9
https://doi.org/10.1016/j.comcom.2014.04.005
https://doi.org/10.1016/j.comcom.2014.04.005
https://doi.org/10.1109/access.2020.3027074
https://doi.org/10.1109/tvt.2008.2004266
https://doi.org/10.1109/tvt.2008.2004266
https://doi.org/10.5121/ijmnct.2014.4404
https://doi.org/10.1049/ntw2.12120

	Performance evaluation of handover triggering condition estimation using mobility models in heterogeneous mobile networks
	1 | INTRODUCTION
	1.1 | Vertical handover
	1.2 | Types of handover

	2 | HANDOVER TRIGGERING CONDITION ESTIMATION
	3 | MOBILITY MODELS FOR URBAN ENVIRONMENTS
	3.1 | Random waypoint model
	3.2 | Freeway mobility model
	3.3 | Manhattan mobility model

	4 | PROPOSED HTCE MODEL
	4.1 | Urban environment scenario for handover triggering estimation
	4.2 | Handover prediction based on the average speed
	4.3 | Handover condition
	4.4 | Probability of successful handover
	4.5 | Block distance and decision distance
	4.6 | Data transfer rate

	5 | SIMULATION AND RESULTS
	5.1 | Results and discussions

	6 | CONCLUSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


