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Abstract— Network selection is very important for a success-
ful handover in a multi-tier heterogeneous networks. However,
the primary challenges currently faced by research community
is the lack of availability of network information at the mobile
node side for efficiently select the most appropriate target
network. It is practically difficult for an UE to get network
information from base stations/access point of the neighbouring
networks before connecting to them. In response to this, this
paper proposes a network selection method that applies the
knowledge of mobility data and the network load information
to carry out an efficient handover for vehicle-to-infrastructure
(V2I) communication over multi-tier heterogeneous networks.
We first derive key parameters, such as relative direction
index, proximity index, residence time index, and network load
index to select the best candidate network. A moving vehicle
would be able to select the most appropriate target network
by selecting one or more of the above parameters. We then
test our algorithms by developing a dual mode vehicle On-
Board Unit (OBU) equipped with both Long Term Evolution-
Advanced (LTE-A) and Wi-Fi network interface cards in
OPNET simulator. The performance of the proposed handover
method is evaluated by extensive OPNET-based simulation
experiments. In the simulation model, we consider a multi-tier
heterogeneous network comprising of a macro and multiple
small cells of LTE-A and IEEE 802.11n technologies. Results
show that our proposed handover method offers about 50%
higher throughput and up to 43% higher packet delivery ratio
than the conventional received signal strengths (RSS) based
network selection method.

Keywords: V2I communication, Multi-tier network, LTE-A,
Wi-Fi, Handover.

1. INTRODUCTION

The Fifth Generation (5G) wireless networks support
seamless coexistence of different types of radio access tech-
nologies (e.g. LTE, Wi-Fi, WiMAX, IoT Low Power Wide
Area Networks) in multi-tier network scenarios [1]. There
will be network densification with the macro-cells overlay-
ing the plethora of heterogeneous small cells of different
coverage areas (e.g., femto and pico cells). The advantages
of deploying small cells in 5G networks are multifold, which
may include provision of good quality of service, increase in
traffic capacity and data rate, more capacity through macro
cell traffic offloading and lower fees. Moreover, small cells
can provide network services to areas with patchy or no
macro cell signal coverage [2]. However, the presence of
multiple underlying networks with different coverage areas,
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Fig. 1. A typical V2I communication over multi-tier heterogeneous wireless
networks

characteristics and QoS requirements can pose challenges for
high-speed vehicles [3].

For an effective vehicle-to-infrastructure (V2I) communi-
cation in an urban multi-tier network environment, vehicles
on the move will need to perform fast and successful han-
dovers not only between macro and small cell networks, but
also within small cell networks to ensure seamless mobility
and communication. The deployment of small cell networks
is increasing and has raised a number of challenges in regards
to performing handover from one network to another. These
challenges include possible frequent unnecessary handovers,
ping-pong effects, unsuccessful handovers and call drops,
signalling overheads and resource wastages [3][4]. These
issues can hamper the overall handover performance in V2I
communications. Figure 1 illustrates a typical V2I commu-
nication scenario with a moving vehicle passing through a
multi-tier heterogeneous urban network environment.

While maintaining fast handover for seamless mobility
is important, selecting the most appropriate target network
is also critical for a successful and efficient handover. An
inappropriate selection of target network for handover may
lead to packet losses and even a handover failure (HOF).
In V2I communications, one of the primary reasons for un-
necessary and unsuccessful handovers (including call drops)
is the vehicles incorrect selection of the target network for
handover in the node mobility. Selection of the most ap-
propriate target network has always been a challenging task
even for a conventional single-tier cellular network where
handover is based on received signal strengths (RSSs) from
multiple neighbouring target networks. This will be even



more complicated in 5G networks where various networks
of different sizes coexist. Selection of the most appropri-
ate target network in such cases ideally should be based
on multiple parameters. The handover methods and target
network selection over single-tier heterogeneous networks
have been widely studied by many network researchers
[5][6]. However, the existing network selection methods are
not suitable for high-speed vehicular handover in multi-
tier heterogeneous networks. To select the most appropriate
target networks for handover, we propose a network selec-
tion method to facilitate fast and successful handover for
effective V2I communications in an urban multi-tier network
environment.Our approach builds on the concept of Access
Network Discovery and Selection Function (ANDSF) [5]
which is introduced in Release 8 of the Third Generation
Partnership Project (3GPP), located in Evolved Packet Core
(EPC) of LTE systems. ANDSF selects the target network in
heterogeneous networks where a vehicle OBU can discover
and select the underlying access policies and parameters
obtained from the ANDSF server [7].We derive key network
parameters such as relative direction index, proximity index,
residence time index, load index and the received signal
strength. Based on network selection information from an
ANDSF server, the vehicle initiates the network selection
process for a potential handover well in advance before
approaching the coverage area of the target cell.The follow-
ing terminologies are used in this paper: an OBU implies
an in-vehicle communication device that can connect and
communicate to the roadside infrastructure networks; small
cell access points (SAPs) represent both LTE-A small cell
eNBs and Wi-Fi APs.

In our previous work [4], we presented the basic charac-
teristics of V2I communications in heterogeneous multi-tier
network environments. Also, we have provided a comprehen-
sive survey on several V2I research challenges. In this paper,
we address the issue of selecting an appropriate underlying
network for an effective V2I communication over multi-tier
heterogeneous networks. The main contributions and strength
of this paper are:

• An analytical model is developed to derive relative
direction index, proximity index and residence time
index in order to short-list of candidate network for
vehicle with a reasonable coverage.

• By considering network load at candidate networks, we
investigate the capability of accommodating new han-
dover sessions. For each short-listed candidate network,
a network load index is analytically derived based on
the number of users connected. The network load index
is primarily used for minimizing the handover blocking
probability.

• We develop and test our network selection algorithms
in OPNET simulator. A dual-mode vehicle On-Board
Unit (OBU) containing both Long Term Evolution-
Advanced (LTE-A) and WiFi network interface cards
is also developed by writing C++ code in OPNET
simulator. This allows us to evaluate and validate the

system model.

The paper is organized as follows. Section II reviews
literature on V2I communication and handover selection
methods. The proposed network selection method is pre-
sented in Section III. The system simulation model and
results are presented in Section IV, and a brief conclusion
in Section V ends the paper.

2. RELATED WORK

Selection of the most appropriate underlying network for
handover is critical for a moving vehicle to maintain an ongo-
ing communication seamlessly. Such selections become more
challenging in environments where networks of different
sizes (multi-tier) and different technologies (heterogeneous)
coexist. Many researchers have attempted to address the
issues of selecting the most appropriate networks for han-
dover in multi-tier heterogeneous environments. The recent
standardization initiatives have also addressed the issues of
handover. In this paper, for brevity, we refer to only a selected
set of literature that is indicative of the range of approaches
used to select the appropriate networks for handover and
related issues.

Motivated by the high data rate of Wi-Fi networks, 3GPP
has defined different methods of integrating cellular and Wi-
FI technologies. In this regard, in its releases 8, 10, 11
and 12 [7] [8], the Third Generation Partnership Project
(3GPP) has also introduced ANDSF that primarily enable
radio access discovery in heterogeneous networks. This has
advanced the network selection process to the extent of
supporting the UE to discover, select and connect to both
non-3GPP and 3GPP access networks (UTRAN, LTE and
HSPA). ANDSF facilitates network selection by providing
the UE with the list of networks that may possibly be
in its service area along with access polices [8]. ANDSF
was applied by some researchers [9, 10] for selecting the
best network for handover activity. In [9], ANDSF was
used in combination with software-defined network (SDN)
to suggest selection of most suitable target network in LTE
- Wi-Fi heterogeneous network. In this proposal, ANDSF
server provides information about overloaded eNBs so that
are excluded from candidate list of target cells. Similarly,
the approach proposed in [10], ANDSF has been utilized
for efficient handover management such as network resource
balancing between LTE and Wi-Fi [10].

Similar to initiatives from 3GPP, the Wi-Fi Alliance has
introduced the Hotspot 2.0 as part of the IEEE 802.11u
standardization initiatives to improve the experience of Wi-Fi
roaming [11]. Wi-Fi devices can utilize information available
from Hotspot 2.0 aims to assist Wi-Fi devices to automate
the process of underlying Wi-Fi network discovery, selection,
authentication, registration and connection to the most suit-
able and available WiFi hotspots in the region [12]. ANDSF
and Hotspot 2.0 have complementary aspects that can fill up
individual shortcomings, therefore their combination could
provide a seamless integration of cellularWi-Fi technologies,
and thus enhancing the user experience [13].



To prevent the unnecessary handovers, a number of studies
have suggested that fast moving vehicles associate with
macro-cell while low-speed ones are served by small cells
[14]. Based on the speed of the movement and the estimated
coverage area of the candidate networks, the author of [15]
designed a network selection mechanism that instructs the
high-speed vehicles to select macro-cell eNBs while low-
speed vehicles are taken care by the micro-cells. These
methods can easily enable the mobile node to determine
and select the candidate network for a handover, however,
the high-speed mobile node may experience the increased
handover dropping probability when the macro-cell base
stations are overloaded. This issue was addressed in [16]
by combining the knowledge of node speed and the QoS
requirements. In this approach, UEs with high speeds are as-
sociated with macro-cell to reduce the number of handovers,
while UEs with high requirements of QoS are associated
with pico-cells for minimizing the packet loss ratio. However,
the authors overlooked special UEs with high speed and
high QoS requirements. Moreover, assigning UEs with high
requirements of QoS could degrade the service quality due
to multiple frequent handovers.

To account for mobility, mobile users are classified as fast
and slow based on the dwelling period of the node within
the coverage areas of the considered cells and thus they are
assigned to macro-cell or small-cells accordingly [17]. The
dwelling period is determined based on the cell dimensions
and the mobility information such as direction and the user
trajectory [18]. While selection approaches proposed in [17]
and [18] could optimise network selection for an efficient
handover, the shortage of network resources at target network
could result in handover drop that leads to radio link failure
(RLF). It is important to consider bandwidth requirements
before initiating any handover request [19]. Authors in [19]
applied fuzzy logic to developed network selection mech-
anism that combines the knowledge of network load and
the vehicle movement trend for selecting the appropriate
network in a multi-tier networks. Owing to the associated
complex mathematical techniques, these methods, however,
suffered from an increased processing delay affecting the
overall handover latency.

With the proliferation of small cells, appropriate selection
of the underlying network to provide the best handover per-
formance in a heterogeneous multi-tier network environment
is becoming increasingly challenging and remains an open
research issue. Most of the proposed research methods in
this context considered either non-heterogeneous networks
in a multi-tier environment (e.g., networks consisting of only
LTE-Advanced macro and micro cells) or are designed for
low speed mobile users such as pedestrians. Furthermore,
most of these proposed methods did not explain how in-
formation about the various parameters used to select the
underlying network for handover are collected from the
involved mobile devices and base stations and how the
information flowed through the system. On the contrary, the
network selection method proposed in this paper considers
a future 5G heterogeneous multi-tier network environment

consisting of LTE-Advanced and WiFi radio technologies. A
vehicle having an OBU, moving at high speed, can self-select
the most appropriate underlying network for a handover
activity based on multiple decision parameters. The method
explains how information related to these parameters can be
obtained by the vehicle based on realistic communication
scenarios and how the information can be utilised to decide
on the underlying network to be selected. The proposed
network method is described next.

3. PROPOSED NETWORK SELECTION METHOD

This paper proposes a novel network selection method for
effective V2I communications in a multi-tier heterogeneous
urban network environment. The basic idea was published in
[18]. In addition to handover parameters considered in [18],
the handover technique in this paper applies the knowledge of
the available network load for selecting the most appropriate
target network for an anticipated handover. In the proposed
method, a vehicle with a dual-mode OBU (having LTE-A
and Wi-Fi interfaces) travelling across the multi-tier network
of macro and small cells is able to self-select the most
appropriate target network for a potential handover based
on multiple parameters.

These parameters include relative direction index, prox-
imity index, residence time index, load index and received
signal strength. The main purpose of relative direction index
is to eliminate the useless candidate networks (those lying
in the opposite direction of the movement of the vehicle).
These candidate networks are eliminated from the set of
candidate to be evaluated. The proximity index estimates
the closeness of the candidate network to the trajectory
of the movement. This is done by calculating the angular
displacement of the vehicle relative to the physical location
of candidate networks. This proximity index is eventually
used to calculate the residence time index which determines
the duration that the vehicle spends in the service area of the
selected network. Load index computes the available network
capacity while the RSS indicates the quality of the received
signal from the candidate network base station/access point.

By self-selecting the most appropriate target network, the
vehicle is able to not only reduce the number of unnecessary
and unsuccessful handovers, but also improve the resources
consumed and overall performance of mobility. Moreover,
by performing a fast handover, it also improves the overall
handover latency. Let us elaborate these advantages here.
Firstly, in the proposed method, the vehicle only scans those
neighbouring networks (from here onwards to be termed
as candidate networks) that lies on the movement direction
trajectory of the vehicle and do not scans other candidate
networks. This reduced scanning implies less handover time
or faster handover. Secondly, because of the multiple pa-
rameters considered, the vehicle can successfully choose the
most appropriate target network for handover and therefore
reduce the number of unnecessary and unwanted handovers
including ping-pong effects. The proposed method provides a
better handover performance as a result of reduced signalling
overheads.



Fig. 2. The system model. LTE-A eNB overlays multiple LTE-A small
cells and WiFi access points

Figure 2 shows the system model of the multi-tier
heterogeneous network with one LTE-A macro cell having
an Evolved Node B (eNB) and a mix of LTE-A small cells
(femto/pico) and Wi-Fi access points (APs). The small cells
(SC) are represented by HeNB and AP. The LTE-A macro
network covers the entire service area and overlays the small
cell networks, of limited coverage areas. In the overlapped
areas between LTE-A SCs and Wi-Fi networks, vehicles
with dual-mode (LTE-A and Wi-Fi) OBUs have multiple
network options to choose from for handover. For example,
referring to Fig. 2, vehicles under the service area of small
cell AP2 can handover either to the LTE-A macro-network
or to another SC network provided that the target network
(for handover) has adequate resources to support an ongoing
communication.

A. System Model

In our proposed model, the ANDSF records the network
context information (e.g., micro-cells SAPs location and ac-
cess policies) and shares that with the vehicle OBU upon re-
quest [7]. The ANDSF server interacts with ANDSF clients,
running inside individual OBU, through OMA-DM (Open
Mobile Alliance Device Management) protocol over the S14
interface, which supports both push and pull data communi-

cation mechanisms [17]. By referring to Fig. 2, the OBU on
board the vehicle, moving from X to Y, periodically queries
the ANDSF about the geographical location and access
policies of different networks available in its vicinity. While,
access policies enable the OBU to identify the networks that
provide open access based on inter-system mobility policy
(ISMP) [14]. Geographical location information helps the
vehicle to select those networks lying in its future trajectory
and store them as potential candidates for future handover.
In this work, however, we do not consider the access policy-
related information and assume that all small cell networks
offer open access. We also assume that each OBU knows its
instantaneous geographical location coordinates by means of
Global Positioning Systems (GPS) [9].

The proposed network selection method operates in two
stages. In the first stage, the vehicles OBU pro-actively
makes a short list of potential target SAPs for handover
based on three parameters, including relative direction index,
proximity index and residence time index. In the next stage,
the OBU selects the most promising candidate target among
the shortlisted SAPs, based on load index and received signal
strengths. The above handover parameters are described next.

B. Relative direction index

A preliminary idea of this parameter was given in [20]
and this work employs a modified version of that. Relative
direction index evaluates the movement direction of the
vehicle relative to the geo-location of a candidate SAP
based on distance calculation. Let us consider, two sequential
positions, P1 and P2, of the vehicle along the movement
trajectory (Refer to Fig. 3). At each of these positions, the
vehicle OBU calculates its distance from all available SAP i

(based on the Heversine formula [9]), which assumes the
spherical form of the Earth and calculates the great-cycle dis-
tance between any two points on Earth. If (Latv, Lonv) and
(LatSAPi, LonSAPi), respectively, denote the coordinates of
the vehicle and of the candidate SAPi, and ∆lat and ∆lon,
respectively, denote the latitude and longitude separations,
then the distance (d) between the vehicle and candidate SAPi

can be calculated as:

d = 2R sin

√
sin2(

∆lat

2
) + cos(latv) ∗ cos(latSAPi) ∗ sin2(

∆lon

2
)

(1)
where the angles are in radians and R = 6371Km is the
radius of the Earth.

Next, we calculate di the difference between two consecu-
tive distances, d(t,i) measured at the current position P2 and
d(t−1,i) measured at previous position, P1 of the vehicle as
shown in Eq. 2.

∆di = dt−1,i − dt,i (2)

This indicates the direction of movement of the vehicle
relative to the each surrounding SAP. While di > 0 implies a
vehicle is moving towards the coverage area of SAPi, di < 0
indicates it is moving away from it and all SAPs showing
regressive movement with respect to the vehicles direction of



motion are omitted from the shortlisted potential candidate
set, Ni. Thus, the probability of retaining SAPi in Ni, can
be calculated as:

f(∆di) =

{
1, ∆di < 0

0, ∆di ≥ 0
(3)

Fig. 3. Estimating the direction of relative movements

C. Proximity index

We introduce this parameter to calculate the proximity
of a SAP to the movement trajectory of the vehicle. The
proximity index ωi indicates how near the target SAPs are
to the movement trajectory of the vehicle and it is related to
the angular displacement αi of the vehicle (see Fig. 2). The
factor cosαi denotes the proximity index calculated as per
Equation (4).

ωi = cosαi =
d2t−1,i + ∆d2 − d2t,i

2 ∗ dt−1,i ∗ ∆d
(4)

It is worth noting here that the angle αi is restricted
between 0 and π, since only those SAPs are considered with
respect to which the vehicle shows progressive movement.

D. Residence time index

Residence time is another important parameter proposed
in this work. It is the duration that the vehicle spends within
the service area of a candidate SAP and is dependent on
the vehicular speed and the coverage radius of the SAP.
The residence time index (tr) is defined as the function
of proximity index (ωi), speed of vehicle (VSpeed) and the
maximum coverage radius (Cr) of the candidate SAP.

tr =
Cr ∗ cosαi

Vspeed
(5)

E. Network load index

This parameter indicates a SAPs capability to accommo-
date the new handover sessions. Having inadequate resources
in the candidate network may result in a handover drop. To
maintain load balancing, in this work, a candidate network is

evaluated based on its load ratio (available capacity / total ca-
pacity) instead of its leftover bandwidth [6] as is commonly
done. Equation (6) calculates the available bandwidth of the
candidate SAPi, while the load index (li) is represented in
equation (7).

Br = BAPi −
∑

uj⊂VAPi

bij (6)

li =
Br

BApi
(7)

In (6), bij denotes the bandwidth required for user uj ,
VAPi represents the set of all users currently connected
to SAPi, while Br and BAPi indicate the available and
maximum bandwidth of the candidate SAPi, respectively.

Referring to Fig. 2, AP2 and HeNB3 are the two po-
tential target SAPs evaluated based on the above-mentioned
parameters. Finally, the OBU in the vehicle measures the
RSS of the potential candidate SAPs (in this case AP2 and
HeNB3) to make a final selection. Thus, the most appro-
priate candidate network (n∗) for handover is selected as
per (8). Algorithm 1 details then proposed network selection
procedure.

Figure 4 presents the detailed messaging and procedure
of the proposed network selection method. The figure shows
one macrocell serving eNB (SeNB) overlaying multiple
SAPs. The SAPs are able to report their geographical
locations to the ANDSF server located in EPC network.
As illustrated in the figure, the proposed network selection
method consists of three steps. The first step involves the du-
plex communication established between the ANDSF client
agent on the vehicle OBU (initially connected to SeNB),
and the ANDSF server located in the EPC. Through this
communication, the ANDSF server shares with the vehicle
OBU information about the geographical locations of all
neighboring candidates SAPs. The OBU then short-lists the
potential candidate SAPs based on the relative direction
index that it calculates on the basis of the received location
information. It is worth mentioning here that only those SAPs
that lie in the direction of movement of the vehicle make it to
the shortlist. Next, the vehicle OBU computes the residence
(dwelling) time for each of short-listed SAPs and based on
that all shortlisted SAPs are ranked in descending order with
the SAP having the maximum residence time getting the
highest ranking. Finally, the vehicle OBU decides the most
appropriate SAP based on parameters like the network load
and received signal strengths (RSS).

To reduce both the chances of call drops and the number of
unnecessary handovers, in the proposed method, the vehicle
OBU performs the first two steps before the vehicle enters the
coverage area of a potential target SAP. This is because once
inside the coverage area of a SAP, depending on the speed
of its movement, the vehicle will get very nominal time to
perform all the three steps and complete the handover with
the SAP before losing out on the connectivity. Moreover, as
the vehicle OBU only initiates the handover activity with
the most potential SAP decided on the basis of the proposed



Fig. 4. Messaging and procedure of the proposed network selection method for handover

method, the overall signaling overhead of the system is
improved.

4. PERFORMANCE EVALUATION OF THE
PROPOSED METHOD

The proposed network selection method is evaluated
through simulation studies performed in Riverbed (OPNET
Modeller) network simulator (version 18.0) [21]. This section
provides the details of the designing of the vehicle OBU node
and then analyses the effectiveness of the proposed network
selection method in terms of handover performance and QoS
provision.

A. OBU Node Design

Figure 5 shows the multi-mode OBU that we have de-
signed to evaluate the performance of the proposed method.
The multi-mode OBU has two physical interfaces, LTE-A
and Wi-Fi media access technologies (MAT). Figure 5(a)
shows the OBU node’s TCP/IP protocol stack prior to the
inclusion of the proposed method. The modified OBU node

is shown in Figure 5(b). The proposed network selection
method implemented in the module VHO mgr (as shown
in Figure 5(b)) is used to choose the appropriate RAT
interface for the OBU to connect to based on Equation
(8). The IP layer in the figure forwarded data only to the
selected RAT interface. To ensure seamless connectivity,
each of the two interfaces, LTE-A and Wi-Fi, involved in the
vertical handover process is configured with a static route to
the destination. In this context, it is worth noting that the
proposed network selection method can be used not only for
LTE and Wi-Fi MATs, but also for any other types of MATs.
Figure 6 displays the Vehicle OBU node model developed in
OPNET Modeller. It is worth noting that the new module is
listed among node attributes as vho with two values (Enabled
and Disabled).

B. VhoMGT process model design

The designed VhoMGT process model consists of two
finite state machines (FSM) (see Fig. 7). The init state

Emmanuel
Highlight

Emmanuel
Highlight



Fig. 5. The TCP/IP Protocol Stack of On-Board Unit (OBU) Node

Fig. 6. Vehicle OBU node model developed in OPNET Modeler
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Algorithm 1: Target candidate network selection
Input: SAPi coordinates (latSAPi

, lonSAPi
),

V ehicle coordinates(LAtv, Lonv) and

R = 6371km

Output: Dwelling time (tr)

while UE is connected to Macro Cell BS , do
Get current vehicle position, p1
Get latSAPi , lonSAPi , latv, lonv and R

∆lat1 = latSAPi
− latvp1

∆lon1 = lonSAPi − lonvp1
X =

sin2(
∆lat1

2
) + cos(latv1) ∗ cos(latSAPi) ∗ sin2(

∆lon1
2

)

di1 = 2R sin(
√
X

Set New Position = P2= di1
2

∆lat2 = latSAPi − latvp2
∆lon2 = lonSAPi − lonvp2
di2 = 2R sin(

√
X

γi = di1 − di2 \ ∗Distance variation∗
if γi ≤ 0 then

delete SAPi
else

foreach γi > 0 do
δd = P2 − P1

cosαi =
d2i1+∆d2−d2i2

2∗di1∗∆d
\ ∗ Cosine factor∗

tri = Cr∗cosαi
Vspeed

\ ∗ dwelling time∗

return tri
int[ ] SAPs = new int[ ] tr0 , tr1 , ... , trn \ ∗ list of
potential candidate SAPs∗

Array.Sort (SAPs). \ ∗ descending order sorting*
if (SAPs[0].li >= lith&&SAPs[0].RSS >= RSSth)

then
HandoverEvent =true /*Send handover command to

macro-cell BS*/

else
HandoverEvent =false /*Keep connection with macro

cell BS*/ ;

initializes all the necessary initializations. After initialization,
the protocol will switch to the idle state and wait for any
event from either LTE of Wifi MAC layers. The wait FSM
executes code from the exit executive part of the state every
time it receives events from LTE or WiFi interfaces.

C. Simulation Setup

Figure 8 shows the simulation scenario consisting of one
LTE-A macro-cell eNB with greater coverage and two pico-
cell HeNBs deployed at the edges of the macro-cell coverage
area to provide better connectivity across a 2 Km x 2 Km
simulated terrain. The eNB and HeNBs are connected to
the backbone traffic server through the Evolved Packet Core

Fig. 7. The process model of the designed VHO management module.

TABLE I

SIMULATION PARAMETERS.

Parameter Values

Network area (m * m) 1000 * 1000

Transmit power of LTE

Macro/SAP

0.5W/0.1W

LTE Macro/ SAP gain 14 dBi/5 dBi

WiFI SAP (IEEE 802.11p)

transmit power

0.05W

Vehicle speed (km/h) 20 − 120

Path loss L = (40(1 − 4 ∗

10−3∆hb) log10R −

18 log10 ∆hb + 21 log10 f +

80)dB

Radio propagation Large-scale propagation

log-normal shadow fading 10 dB

LTE-A Channel bandwidth 1.4MHz

WLAN data rate 11Mbps

Mobility Vector based trajectory

Simulating time 600 sec

(EPC). Four Wi-Fi APs are also deployed randomly across
the terrain sending information to the traffic server. A vehicle
with the multi-mode OBU is simulated to move across this
multi-tier HetNet environment performing handover with
the most appropriate network selected as per the proposed
method. Table 1 lists the simulation parameters used in this
study.

The performance of the proposed network selection
method is compared with (a) the conventional RSS-based
method to select the most appropriate target network for han-
dover, and (b) the Efficient ANDSF-assisted Wi-Fi Control
for Mobile Data Offloading” method proposed in [19]. In the
ANDSF-Assisted handover (HO) method in [10], the authors
considered a heterogeneous environment consisting of Wi-Fi
and cellular networks and have utilised a combination of
the location coordinates of the neighbouring APs (provided
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Fig. 8. The simulated network scenario

by the ANDSF server) and the measured RSS values to
select the most appropriate network for handover. To evaluate
and compare the performance of our proposed method, the
following parameters are considered: number of handover
performed, handover latency, handover failure rate (HOFR),
throughput and end-to-end packet delay.

D. Justification of Mobility Model

In our OPNET simulation model we have considered
Vector-based Trajectories as mobility model of vehicles
because of its popularity and appropriateness in vehicular
environment [22]. This vector-based mobility model has
several advantages. First, it offers both the direction of
movement and velocity for system performance study using
Riverbed (OPNET) Modeler (simulation software). It should
be noted that we have used OPNET because it is a credible
simulation tool which has been tested by many network
researchers and engineers worldwide. Second, the parameters
such as direction of movement and velocity in the chosen
vector-based mobility model can be changed at run time
allowing us to experiment and study the system performance
in a realistic vehicular scenario.

In this paper we focused on and spent a bit of time to
develop a dual-mode vehicle On-Board Unit (OBU) contain-
ing both Long Term Evolution-Advanced (LTE-A) and WiFi
interface cards for use in the simulation to study handover
performance in multi-tier HetNet environment. Therefore, we
did not study the impact of localization errors on system
performance and we left it as our future work.

E. Results and Discussions

This sub-section discusses the simulation results to evalu-
ate the performance analysis of the proposed network selec-

tion method for handover based on the parameters mentioned
above. In each case a comparison with the conventional RSS-
based method and the ANDSF-Assisted handover method is
presented for the vehicular movements along the projected
trajectory at speeds ranging between 20 Km/hr to 120 Km/hr.
The simulation results are based on handover performance.
Various metrics are investigated to prove the efficiency of
the proposed handover method compared to the conventional
mechanism. The simulation results report the steady state
behavior of network and were obtained with a relative
statistical error 1% at 99% confidence interval.

(i) Number Of Handovers Performed: Selection of an
underlying network, which is not the most appropriate
one for a handover activity can result in an increase in
the number of unwanted handovers and lead to packet
losses and even call drops. Generally, an increased
number of handover activities affects the quality of
the ongoing communication and hampers the overall
handover performance. Figure 9 compares the results
of the number of handovers performed by our proposed
method with the conventional and the ANDSF-Assisted
handover methods. As depicted in the results, the num-
ber of handovers performed by the vehicular OBU in
our proposed method is less compared to the other two
methods. While, depending on its speed of movement,
the vehicle performed on an average nearly between 5
to 6 handovers in case of the conventional method and
between 3 to 4 handovers in the ANDSF-Assisted HO
method, it only performed between 2.5 to 3.5 handovers
in our proposed method. Thus, our proposed method
has managed to reduce the number of handovers by
approximately 50% and 28%, respectively, in compar-
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Fig. 9. Mean number of handovers versus vehicle speed performance
comparison of conventional, ANDSF-Assisted, and the proposed methods

ison to the conventional and the ANDSF-Assisted HO
methods. This is because to select the most appropriate
target network for handover, in the proposed method
the vehicle OBU scanned and considered only those
SAPs that are located in its direction of movement and
provide with a reasonable residence time with respect
to the speed of the vehicle. On the contrary, in case
of the other two methods, the vehicle OBU scanned
and considered all advertised networks regardless of its
direction of movement. Please note in this context that
the number of performed handovers generally decreases
with the increase in the vehicular speed of movement.
This relates to different factors including Doppler shift
effects and the limited cell coverage area of the small
cells that does not allow the completion of handover
activities for high speed vehicles. This leads to the
increased handover failure rate exhibited in Figure 10.

(ii) Handover Failure Ratio (HOFR): The handover fail-
ure (HOF) occurs when a handover process is initiated
but not carried out to the completion. The parameter
HOFR is defined as the number of HOF to the total
number of handover attempted (both successful and
failure) [22]. The HOFR is measured in percentage as
shown in (8).

HOFR(%) =
NHOF

NSuccessHO +NHOF
(8)

Higher handover failure rate deteriorates the expected
QoS of ongoing communications, particularly for real
time applications. The simulation results presented in
the Figure 10 exhibited how much the proposed
handover method reduces the percentage of HOFR.
This is because the proposed network selection method
considers the availability of adequate network resources
at the target network prior to initiating the handover
activities. This is well confirmed by the results depicted

Fig. 10. Handover failure ratio (HOFR) versus vehicle speed performance
comparison of conventional, ANDSF-Assisted, and the proposed methods

Fig. 11. Downlink traffic received by an On-Board Unit from an application
server at vehicle speed of 60km/h. Comparison of conventional, ANDSF-
Assisted, and the proposed handover methods

in the down-link traffic received by vehicle OBU from
the traffic application server (See Figure 11). The
fluctuation in the amount of traffic in case of con-
ventional and ANDSF-Assisted scenarios is associated
with increase of HOFR. On the contrary, the proposed
method improves and stabilizes the download traffic
received by the vehicle OBU from the traffic server due
the optimised network selection decision that considers
multiple selection parameters. HOFR in the proposed
method is improved by approximately 50% in compar-
ison to the conventional handover method and around
20% in comparison to the ANDSF-Assisted handover
method.

(iii) Handover Latency: This parameter indicates the
elapsed time between the initiation (from when a vehi-
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Fig. 12. Handover latency versus vehicle speed performance comparison
of conventional, ANDSF-Assisted, and the proposed methods

cle feels the need for a handover) and the completion of
a handover process Figure 12 compares the handover
latency between the three considered methods. The re-
duction in the overall handover latency in our proposed
method is owing to the reduced time that the vehicle
OBU has spent in scanning only the potential target
SAPs shortlisted based on the direction of movement,
the residence time and the network load. As evident in
Figure 12, our proposed method has managed to reduce
the overall handover latency by approximately 40% and
20%, respectively, in comparison to the conventional
and the ANDSF-Assisted HO methods. However, it
is noted that the increase in the speed of movement
implies the increased handover latency. This is due to
the rise in radio link failures (RLF). These RLFs may
occur due to the fact that the vehicle OBU crosses the
boundaries of the serving cell before completing the
handover activity to the target network. The increase in
the handover latency is introduced by a RLF recovery
process that involves selection of another best cell or
re-selecting the previous eNB/AP.

(iv) OBU Throughput: Figure 13 compares mean
throughput of conventional, ANDSF-Assisted, and the
proposed method for vehicle speed ranging from 20
Km/h to 120 Km/h. As shown in Figure 13, the
mean throughout proposed method is significantly bet-
ter than both the conventional and ANDSF-Assisted
handover. For example, the proposed method offers
up to 50% and up to 20% higher throughput than the
conventional and ANDSF-Assisted handover methods,
respectively. The higher throughput is achieved due
to less packet dropping owing to the reduced number
of handovers offered by the proposed method. We
observe that throughputs remain unaffected for both
the proposed method and ANDSF-Assisted for vehicle
speed ¡ 20Km/h. However, throughput deteriorates with
increasing vehicle speed. This throughput performance
degradation is as a result of increased number of unsuc-

Fig. 13. Throughput versus vehicle speed performance for three network
scenarios. Comparison of conventional, ANDSF-Assisted, and the proposed
handover methods

cessful handovers and incomplete handover signalling
messages between the vehicle OBU and the selected
target networks caused by high vehicle speed. One
can conclude that the network throughput is inversely
impacted by vehicle speed when performing handovers
to small cell networks.

(v) End-to-End Packet Delay: Figure 14 illustrates the
end-to-end packet delay experienced by the vehicle
OBU when running voice applications. End-to-end
delay also called ”mouth-to-ear” delay is measured
from the ingress of the vehicle at the sender side to
the egress of the vehicle at the receiver side [23].
A higher end-to-end packet delay affects the QoS
performance of delay-sensitive user applications,
like voice applications. End-to-end packet delay is a
summation of various other delays, which include,
network delay, encoding delay, decoding delay,
compression delay, decompression delay and
dejitter buffer delay [23]. Our approach, however,
is focused on reducing the network delay, which
is achieved by reducing the number of candidate
SAPs to be scanned based on the proposed target
network selection method. Moreover, the proposed
method minimises the networkdelay by starting
network selection well in advance while approaching
the candidate SAP. According to the results in Figure
14, our proposed target network selection method
for handover is able to reduce the end-to-end packet
delay by approximately 43% and 21%, respectively,
in comparison to to the conventional and the ANDSF-
Assisted handover methods for a voice application.

5. CONCLUSION

In this paper, we investigated the problem of selecting
the most appropriate target network for handover in V2I
communication over a multi-tier heterogeneous network is
proposed. We proposed and derived new metrics, namely, the

Emmanuel
Highlight

Emmanuel
Highlight

nsarkar
Cross-Out

nsarkar
Inserted Text
By looking Fig. 12, one can observe that  the proposed method offers 40% lower handover latency than the conventional method and 20% lower handover latency than ANDSF-Assisted  method. This is a significant achievement of our design.

nsarkar
Cross-Out

nsarkar
Cross-Out

nsarkar
Cross-Out

nsarkar
Inserted Text
shows

nsarkar
Cross-Out

nsarkar
Cross-Out

nsarkar
Inserted Text
such as 

nsarkar
Cross-Out

nsarkar
Inserted Text
than 

nsarkar
Cross-Out



Fig. 14. End-to-end delay versus vehicle speed comparison of conventional,
ANDSF-Assisted, and the proposed methods

relative direction index, proximity index, residence time, and
network load index utilised for selecting the best candidate
network. We developed and tested a dual-mode OBU (both
LTE-A and Wi-Fi interfaces) in OPNET simulator. Vehicles
equipped with these OBUs interfaces can select the most
appropriate target network based on the above mentioned
parameters and RSS values when moving across multi-
tier heterogeneous urban networks. The performance of the
proposed method is compared against the conventional and
ANDSF-Assisted handover methods. Simulation results ob-
tained have shown that the proposed approach can reduce the
number of unnecessary handovers up to 50%, mean handover
latency and handover failure rate are also reduced up to 40%.
The proposed system offers up to 50% higher throughput
and about 43% lower end-to-end delay than the conventional
handover method. The application-aware network selection
method is our future work.
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