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ABSTRACT The fifth generation of wireless networks is expected to provide high capacity, low latency, high
reliability, and massive connectivity services. Ultra-dense network (UDN) is a clear trend for enhancing
capacity, coverage, and load balancing. In UDNs, the cell selection issue for moving vehicles should be
addressed. In this paper, a cell selection strategy known as a dwell time estimation (DTE) scheme is
proposed, which is based on Vehicle-to-Everything (V2X) communications. It selects small cells that have
the longest dwell time in a vehicle’s direction to decrease handover (HO) rate. The proposed DTE scheme is
evaluated using two datasets, which are 5G small cells and vehicles datasets, that were collected in the city
of Los Angeles in California. The simulation result shows that our DTE algorithm outperforms other recent
related schemes in terms of the mean number of HOs by up to 36.26% because it prolongs the dwell time
of the vehicle within the serving small cell. Consequently, it reduces the average number of HO failures and
unnecessary HOs. In addition, it gives improvements in terms of the average achievable downlink throughput
and network energy efficiency. Furthermore, it has superiority over the other schemes in terms of the mean
packet delay by up to 16.49%.

INDEX TERMS Los Angeles, 5G, small cells, UDNs, cell selection, dwell time, handover, V2X.

I. INTRODUCTION
Wireless cellular networks of fifth-generation (5G) technol-
ogy will soon be more widely used [1]. 5G technology will
bring new service capabilities for future smart cities, the
Internet of Things (IoT), and vehicle applications [2], [3].
The requirements of these services are high data rate, low
latency, and a massive number of connections. The ubiq-
uity of networks across the world becomes one of the most
important issues, even in challenging cases such as user
mobility and high density or populated areas [4]. Vehic-
ular communications need reliable and fast wireless con-
nections, and Vehicle-to-Everything (V2X) systems become
essential to decrease driving time and the number of acci-
dents [5]. The term Vehicle-to-Everything (V2X) includes
Vehicle-to-Network (V2N), Vehicle-to-Vehicle (V2V), and
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Vehicle-to-Pedestrians (V2P) [6]. 5G technology will support
the requirements of future V2X applications [7].

The main features of 5G enabling technologies are massive
multiple-input, multiple-output (mMIMO), Software-Defined
Networking (SDN), Network Function Virtualization (NFV),
Centralized Radio Access Network (C-RAN), local offload-
ing, and small cells [8], [9]. Small cell is an umbrella term
for a radio access node that has low power and a short-
range [10]. 5G’s small cell is a key technology that is
deployed to improve network coverage and capacity and
balance the traffic load among cells. They operate at high
frequencies and their range is between 10 m and 2 km [11].
Millimeter-wave (mmWave) communication will play a sig-
nificant role in 5G small cells [12]. The term mmWave
refers to electromagnetic waves that have a short, millimeter-
level wavelength, which ranges between 10 and 1 mm,
and a high frequency between 30 and 300 GHz [13]. Net-
work densification refers to deployment of dense, small-cell
networks within a geographical area [14]. It is a promising
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technique that enhances throughput, spectral efficiency
and connectivity [15]. Densification deployment of small
cells is emerging in 5G cellular networks, resulting in
ultra-dense networks (UDNs) that have interesting effects
[16]–[18]. Cell selection is the process of assigning user
equipment (UE) to a serving base station (BS) based on
a specific criterion [19]. This process is also called user
association or BS assignment [20]. In UDNs, cell selection
is a critical issue that should be addressed to avoid frequent
handovers (HOs) [21]. The handover process is classified
based on network heterogeneity into vertical and horizontal
handover [22], as shown in figure 1. A vertical handover
occurs between two cells that have different network tech-
nologies (heterogeneous cells), while a horizontal handover
takes place between cells that have the same type of network
technology (homogeneous cells) [23]. The handover process
is also classified based on the connection mechanism into
hard and soft handover. A hard HO depends on the principle
of break-before-make, while a soft HO is based on the
concept of make-before-break [24].

FIGURE 1. Vertical vs horizontal handovers.

The conventional cell selection method involves measur-
ing radio-specific parameters, such as the Received Signal
Strength Indicator (RSSI) and then choosing the strongest
BS [25]. However, applying the conventional approach in 5G
networks is not appropriate owing to the dense deployment of
small cells [24], [26], [27]; considering only one factor, the
RSSI, could cause unnecessary handovers, service interrup-
tions, and unbalanced load distribution [24], [28].

In 2018, the deployment of small BSs in the United
States (US) increased by 550%. The number of small
BSs (SBSs) in the US is expected to exceed 800,000 by
2026 [29], [30]. The city of Los Angeles (LA) is the second-
largest city in the United States by population [31]. It is
located in California and has about 4 million people [32].
Based on [33], [34], there are approximately 1,796 small
cells distributed throughout the city of LA. Figure 2 shows
the locations of these small cells, which have three pri-
mary clusters; namely, Burbank, Central, and Long Beach.

As illustrated in the figure, the Central cluster has a high
density of small cells.

Most existing cell selection strategies focus on enhancing
network throughput by giving high priority to the nearest
small cells that have the highest RSSI values. However,
rRelying on a nearby station in UDNs will increase the HO
rate and have a ping-pong effect that affects the network
performance; the ping-pong phenomenon refers to frequent
unnecessary HOs that occur when a mobile device moves
among small cells [35]. The main factor for decreasing the
HO rate in UDNs is the dwell time. Dwell time is the duration
spent by a user’s equipment in a wireless cell. Increasing the
length of dwell time will reduce the mean number of HOs
and therefore diminish the probability of unnecessary HOs
and HO failures.

The significance of our work and contributions comes from
proposing a cell selection algorithm that maximizes the dwell
time in a wireless cell to decrease the HO rate and thus
enhance the achievable data rate, average energy efficiency,
and DL packet delay. Also, the dwell time of a vehicle in the
cell is accurately estimated based on the current location of
the vehicle. Furthermore, the proposedDTE strategy has been
applied in a real-world environment, based on the locations
of existing 5G small cells in the city of Los Angeles, with
vehicles’ positions and other related information taken from
real data collected in LA.

The rest of this paper is organized as follows: Section II
provides a review of related works and the contributions of
the paper. The proposed DTE scheme and system model
are described in detail in Sections III and IV, respectively.
Section V presents the simulation results for the proposed
cell selection algorithm in LA city. The paper is concluded
in Section VI. Appendix A represents a proof of the dwell
time law, while Appendix B gives a list of all abbreviations
used.

II. RELATED WORK AND CONTRIBUTIONS
A. RELATED WORK
In this section, some recent related cell selection methods
that are proposed for 5G UDNs are discussed in terms of the
network model, performance metrics, and evaluation results.

Tesema et al., in [36], presented a novel multi-connectivity
cell selection method for 5G UDNs, which uses a rapid
selection of serving cells from an Active Set (AS). The
proposed method applies multi-connectivity to provide ultra-
reliable communication and to avoid service interruption,
based on CoordinatedMulti-Point (CoMP) transmission. The
best cells are chosen based on the received signal power and
corresponding noise power. The network was modeled as a
hexagonal layout with 59 cells. In each cell, there are five
UEs. The Intersite Distance (ISD) between BSs is 100meters.
A mix of slow and fast UEs is expected. The simulation
results show that the proposed scheme solves the problem
of connection failures owing to Radio Link Failures (RLFs).
In addition, the throughput that is obtained at the 5% point
of the cumulative distribution function (CDF) curve, which
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FIGURE 2. Distribution of 5G small cells throughout the city of Los Angeles.

is known as fifth-percentile throughput, is slightly improved
compared to the benchmark single-connectivity solution.

Kapoor et al. developed four base station selection
approaches that consider vehicle mobility for ultra-dense
small cell urban networks in [37]. The proposed approaches
are (1) minimum distance in the vehicle direction (MD-VD),
(2) minimum load in the vehicle direction (ML-VD), (3) next
neighbor on the same street (NN-S), and (4) next neighbor
on the opposite street (NN-O). They follow three steps to
select the cell to be associated with. The first step is selecting
K-nearest BSs, which are called shortlisted BSs. The second
step is selecting BSs from shortlisted BSs that are in the
vehicle direction (i.e., BSs located in range from 0 to π ).
The third step varies according to the objectives of the pro-
posed approaches. In MD-VD, a BS which has the minimum
distance in the vehicle direction will be selected, while in
ML-VD, the BS with the minimum load in the direction of
vehicle travel will be chosen. In NN-S, the selected base
station is the one that has the maximum angle in the range
between 0 and π/2. In NN-O, the BS that has the minimum
angle in the range between π/2 to π will be selected as a
serving BS. Simulation results demonstrate that the MD-VD
scheme is the least efficient of these methods in terms of HO
rate.

Naderializadeh et al. developed a parallel dynamic cell
selection (DCS) algorithm in [38]. Also, an interference
management scheme is proposed to solve the problem of
interference in UDNs. The downlink (DL) scenario of a
cellular UDN that consists of N transmission points (TPs)
and K UEs was considered. Within 200 by 200 meters2, TPs
and UEs are uniformly distributed at random. The received

signal-to-interference-plus-noise ratio (SINR) and UE
priority, such as proportional fairness (PF), are used to
determine the UE association process. The proposed DCS
algorithm has four main steps: UE-TP association, UE pri-
orities, UE scheduling, and link scheduling. In the UE-TP
association step, UEs are associated with the transmission
point that has the highest SINR value. The users are ordered
based on their priority in the second step, i.e., UE priorities.
The serving transmission point can operate in single-user
mode or multiple-users mode. The UE scheduling operation
is utilized in the multiple-users mode. To enhance the effect
of the interference, the decision is made to activate/deactivate
selected TPs in the link scheduling step. The simulation
results show that the proposed DCS scheme outperforms
some benchmark methods in terms of sum-rate and network
coverage.

In [39], Liu et al. presented a fuzzy technique for an
algorithm based on the Order Preference by Similarity to
Ideal Solution (TOPSIS) for 5G UDNs. The optimal neigh-
boring cell is selected based on multiple criteria: reference
signal receiving power (RSRP), SINR, and network jitter.
It combines the strengths of both TOPSIS and fuzzy logic.
Also, by using historical data, a subtracting clustering scheme
is used to define the optimal fuzzy membership function.
Sixteen BSs are deployed in a square area of 1000 by
1000 meters2, and fourteen UEs are moved at random. The
distance between each two BSs is 400 meters. The perfor-
mance results show that the proposed algorithm outperforms
the conventional approach in terms of the number of HOs
and instances of ping-pong HO. Furthermore, Quality of
Service (QoS) is maintained at a high level.
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In [40], Khodmi et al. developed a joint user association
and power allocation scheme using a non-cooperative game
theory. The proposed scheme depends on the values of the
downlink data rate and allocated power for the access link.
It is designed for heterogeneous UDNs (HUDNs) and it aims
to enhance the QoS and to balance the throughput. The game
includes two sub-games, which are the backhaul game (BG)
and the access game (AG). In the BG, leaders estimate the
optimal power allocation schemes for their followers. The
followers select the best responses to their leaders in the AG.
The HUDN is modeled as a single macro BS with multiple
relay nodes. UEs are randomly distributed in the cell. Com-
pared to existingmethods, the simulation results show that the
proposed scheme enhances network performance in terms of
throughput and UE rate. Furthermore, the optimal downlink
power allocation is achieved.

Nguyen et al. proposed a joint user association and power
allocation algorithm in [41]. It is designed for millimeter-
Wave (mmWave) UDNs. A scheme called alternating descent
was proposed to divide the optimization problem into two
sub-problems to handle the joint problem easily. The two
sub-problems are the SBS-UE association problem and the
energy efficiency optimization problem. The UE association
optimization problem is based on the achievable data rate,
and the throughput fairness issue among users is considered,
targeting the maximization of the minimum achievable data
rate. The network model consists of a set ofM small BSs and
K UEs that are randomly distributed. The numerical results
show that the proposed scheme has convergence and low
complexity.

Zhang et al. presented a deep-learning-based user associa-
tion strategy for HUDN in [42]. The user association issue is
mapped into an image segmentation problem based on pixel-
scale classification. A U-Net convolutional network model is
constructed to perform the cell selection task under load bal-
ancing and UE fairness constraints. The input to the proposed
U-Net model is the channel gain matrix, where path loss,
shadowing and antenna gain are considered. The output of
the trainedmodel is the BS associationmatrix. The network is
modeled as a two-tier HUDN that is composed of two macro
BSs and eight small BSs. The BSs are distributed at random
in an area of 600 by 600 meters. In terms of computation time
and robustness to network scales, the simulation results show
that the UDN-based deep learning method outperforms the
asymptotically optimum genetic algorithm (GA) scheme.

In [43], Sun et al. proposed two schemes to enhance the
process in HUDNs, which are based on coordinated mul-
tipoint (CoMP) technology. These schemes are known as
movement-aware CoMP handover (MACH) and improved
MACH (iMACH). The cell selection criterion of the MACH
scheme is dwell time, while the iMACH scheme depends
on both the dwell time and the closest distance. The MACH
scheme passes through two steps to select n cooperation BSs.
The first step is selecting the candidate BSs that have dwell
times larger than a predefined threshold. The second step is
selecting the cooperating BSs, which are the n cooperating

BSs that have the largest RSSI values. The iMACH scheme
has three steps. The first step is selecting the nearest BS and
the second step is selecting the candidate BSs, which are the
BSs, other than the nearest BS, that have dwell times larger
than a predefined threshold. The third step is selecting the
cooperating BSs which are the nearest BS and the n−1 coop-
erating BSs that have the largest RSSI values. The network
is modeled as a two-tier architecture with macro and small
BSs that are set based on Poisson point processes (PPP). The
simulation result shows that the MACH and iMACH algo-
rithms outperform existing cell selection schemes in terms of
throughput, HO rate, and coverage probability.

In [44], Qin et al. proposed a HO scheme for 5G UDNs,
namely, handover based on residence time prediction (HO
RTP). The cell selection process is based on the values of
RSSI and the predicted residence time. The small BS that
has the strongest RSSI with residence duration that exceeds
a predefined threshold is selected. The network is modeled
as a set of small BSs that are located on the basis of Tyson’s
polygon distribution. In terms of average user throughput, the
simulation results show that the HORTP scheme outperforms
the conventional method.

In [24], Alablani and Arafah proposed an adaptive cell
selection scheme, called ADA-CS, that was designed for
heterogeneous UDNs. It can adapt to different features of het-
erogeneous UDNs and vehicle movements. It passes through
six phases to select the best BS to associate with. These
phases are configuration, decision-making, filtering, narrow-
ing, selecting, and HO triggering. The network is modeled as
a hexagonal grid that has two tiers of BSs, with seven macro
cells and a density of 600 small BSs per km2. Simulation
results show that the proposed ADA-CS scheme outperforms
the traditional RSSI-based scheme in terms of average num-
ber of HOs by 42.39%. Moreover, it achieves superiority
over related recent cell selection schemes by up to 36.53%.
In addition, the ADA-CS improves the average achievable
downlink data rates and spectral efficiency by up to 3.98%
compared with other schemes.

Table 1 shows a comparison of recent related cell selection
schemes in terms of cell selection factors and system mod-
els. Analysing the recent works represented in this section,
we found the following limitations:
• Recent work focuses on enhancing the network through-
put by giving a high priority to BSs that have the
strongest RSSI, but at the expense of the HO rate. Owing
to the frequent link switching caused by the ping-pong
effect, an increase in HOs leads to packet loss [45].
Therefore, the effective achievable data rate will be
reduced.

• Some studies relied on calculating the dwell time of a
UE in a wireless cell but did not give it a high priority
in the selection. Also, the dwell time is not accurately
estimated when the UE is assumed to be at the edge of
the cell, which is unsuitable for UDNs.

• Recent studies modeled UDNs as a small, non-real-
world environment, such as a hexagonal grid, random,
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TABLE 1. A comparison among recent related cell selection schemes.

deterministic, PPP, or Tyson polygon distribution. Fur-
thermore, the UE is placed and moved based on non-
realistic mobility information.

B. CONTRIBUTIONS OF THE PAPER
In this paper, the major contributions are as follows:

1) Proposing an effective cell selection algorithm for 5G
UDNs, called a dwell time estimation DTE) scheme,
which selects the small BS that has the longest dwell
time. The performance of 5G networks is evaluated in
terms of mean (a) dwell time, (b) number of horizon-
tal HOs, (c) achievable downlink vehicle throughput,
(d) number of horizontal HO failures and unneces-
sary HOs, (e) network energy efficiency, (f) packet
delay. Our proposed strategy is compared with recent
HO schemes called handover based on residence time
prediction (HO RTP), minimum distance in the vehi-
cle direction (MD-VD), minimum load in the vehi-
cle direction (ML-VD), next neighbor on the same
street (NN-S), and next neighbor on the opposite street
(NN-O).

2) Constructing a UDN model that consists of a high
density of 5G small cells. The systemmodel is based on
the distribution of small cells in the city of Los Angeles
in California. In addition, vehicles are modeled based
on a real dataset that was collected in LA and includes
their locations and other related information.

III. THE PROPOSED DTE SCHEME
A. PROBLEM FORMULATION AND RESTRICTIONS
A This study relates to Vehicle-to-Network (V2N) commu-
nications, where vehicles are associated with the best small
BS based on our proposed DTE scheme. We optimize the
horizontal HO process between homogeneous small cells
in 5G UDNs to prolong the dwell time of vehicles within
the serving small cell. All small BSs are represented by
SBS = {S1, S2, . . . , SN }. Moving vehicles are denoted by
V = {V1,V2, . . . ,VM }. X = {X11,X12, . . . ,XNM } is the
association vector of the UDN, where Xnm is the variable of
association between vehicleVm and small BS Sn. Equation (1)
shows the formula of Xnm, which has two possible values,
1 and 0. A hard handover is considered in this work, where
the connection between a vehicle and the current small cell

is broken before connecting to the next small cell to save
network resources and to reduce the connection complexity.
A vehicle can only be connected to one small BS at a time,
as given in equation (2)).

Xnm =

{
1 1 if Vm associates with Sn
0 otherwise

(1)

R :
∑
n

Xnm = 1, ∀ Vm ∈ V. (2)

B. PROCEDURES OF THE DTE ALGORITHM
We propose a DTE strategy for UDNs that selects the BS
with the longest dwell time, to reduce the HO rate. It passes
through four steps to achieve its target (Figure 3). These steps
are:
• Step 1: (BSs Exploration) Suppose that the small
BSs are denoted as SBS: a vehicle explores small BSs
that have acceptable received signal strength based on
a predefined threshold, which is represented by B′
(equation (3)).

B′ = {Sn|Sn ∈ SBS & RSSInm > “Th}, ∀ Vm ∈ V. (3)

• Step 2: (Dwell Time Estimation) The dwell time in a
small cell is estimated based on vehicle speed (v), the
distance between the vehicle and small BS (d), and the
angle between the vehicle direction and small BS (�).
The cell dwell time is calculated by dividing the length
of staying distance (L) within a small cell by the speed
of the vehicle. Equation (4) represents the formula of L.

L = d cos(�)+
√
R2 − d2 sin2(�) (4)

The formula of dwell time, which is represented by Td
is shown in equation (5).

Td = L/v (5)

Proof: Please see Appendix A.
Therefore, the proposed DTE protocol is characterized
by its ability to deal with changes in the features of:
– Small cells in terms of their size and geographical

location.
– Vehicles in terms of their geographical location,

driving speed and direction.
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FIGURE 3. The steps of the proposed DTE scheme.

• Step 3: (BS Chosen) The small BS that has the longest
dwell time will be selected (equation (6)).

B = {Sn|Sn ∈ B′ & Sn has max(Td )} (6)

• Step 4: (HO Initiation) The HO is initiated when the
received signal strength falls below a predefined thresh-
old, as shown in equation (7).

RSSInm < “Th ∀ Vm ∈ V & ∀ Sn ∈ SBS. (7)

Algorithm 1: Pseudocode for the Proposed DTEMethod

=======================================
input : SBS.
output: B.
/* Step 1: BSs Exploration */
Calculate B′ according to (3);

/* Step 2: Dwell Time Estimation */
Estimate L according to (4);
Calculate Td according to (5);

/* Step 3: BS Chosen*/
Calculate B according to (6);

/* Step 4: HO Initiation */
if condition (7) satisfied Then

Initiate HO to B;
end if
=======================================

C. A CASE STUDY OF THE CELL SELECTION PROCESS
In this section, a case study of the cell selection pro-
cess is taken to clearly show readers how the proposed
DTE approach performs the cell selection task. In addition,

we explain what makes the proposed approach outperform
other recent related schemes.

Let us take an example that is shown in figure 5. In this
example, a blue vehicle is moving in the street and there are
many small BSs distributed around it, which are represented
by green squares. Suppose the diameter of the small cell
is 600 meters. If the vehicle follows the HO RTP method,
it selects the small BS that has the strongest signal strength
with dwell time higher than a predefined threshold (e.g., 2
sec). Based on the MD-VD scheme, the small BS that has the
minimum distance in the vehicle direction will be selected
as a serving cell. We find that the HO RTP and MD-VD
schemes choose the same small BS because they depend on
the same principle, which is to give priority to the nearest cell.
If the NN-S scheme is applied, the small base station located
in the right quarter of the vehicle with the minimum angle
will be chosen. When the NN-O scheme is considered, the
small BS that is on the left quarter of the vehicle with the
minimum angle will be selected. The chosen cell is farther
from the cells that are selected according to the previous
methods and it has a longer dwell time for the vehicle within
it. Based on our DTE scheme, the selected small BS is the
BS in which the vehicle can receive its signal and has the
longest dwell time, based on equation (35) that has been
proven in appendix A. We gave a high priority to the stay-
ing time of the vehicle within the small cell because this
will:
• Minimize the number of horizontal HO: There is an
inverse relationship between the dwell time and the num-
ber of HOs; the longer the cell’s dwell time, the fewer the
number of HOs.

• Enhance the average achievable data rate and energy
efficiency: When the vehicle moves forward, it will
reach the middle of the serving cell and will achieve
a high data rate that other methods may not be able to
achieve. Therefore, the average achievable data rate will
be higher than in the other methods. In addition, the
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FIGURE 4. Main symbols used to prove dwell time law.

FIGURE 5. A case study of the cell selection process.

achieved data rate is positively affected by reducing the
number of HOs due to handover latency. Since network
energy efficiency depends on the total achieved data
rates divided by the total consumed energy, the mean
energy efficiency will be improved.

• Reduce downlink delay: When the vehicle moves for-
ward, it will reach the center of the associated cell,
where the propagation delay is minimal. In the other

approaches, this minimum propagation delay value may
not be achieved. Thus, the average downlink delay will
be reduced.

IV. SYSTEM MODEL
A. DATASETS
Two datasets were used in this study; one for 5G small cells
and the other for vehicles.
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• LA 5G small cells dataset: This dataset contains 1,796
5G small base stations that are attached to streetlight
poles in the city of Los Angeles. It is published by
data.LAcity.org, which is the main website for LA [46].
Metadata was created on November 10, 2020 and it
was updated on October 8, 2021 [47]. It consists of
two columns, as shown in figure 6: the geometry of
SBSs (the_geom) and small BS identifiers (SLID). The
column the_geom includes the latitude and longitude
coordinates of the small BSs.

FIGURE 6. A snapshot of the LA small BSs dataset.

• LA ehicle dataset: This dataset is introduced by Cho
and Kim in [48] and is based on real data that were
collected in the city of Los Angeles on February 13,
2017. It contains a large number of samples, a total of
128,199. A snapshot of the dataset is given in figure 7.
As shown in Table 2, the vehicle dataset contains data of
five types of sensors, which are the global positioning
system (GPS) sensor and other sensors (acceleration,
orientation, gyroscope, and magnetic field). Further-
more, the dataset has video data to serve multimedia
studies. TheMediaQ platform,which consists of a server
and a smart phone application, was used to collect,
organize and share the vehicle dataset in Los Angeles.
The MediaQ application was used to record sensor data
while a vehicle was moving and to capture video clips
simultaneously. This dataset is used because it was
designed for researchers to study and analyze vehicle
movements. Furthermore, the data were collected in
LA, which is our study case. Also, it includes different
driving roads, conditions, and other data, such as speed
and azimuth angle, which make it suitable for use in this
study.

We study the correlation between the stored samples in the
LA 5G small cells and vehicle datasets. We found that the
number of vehicles in the LA vehicle dataset that can receive
signals from the small BSs stored in the LA 5G small cells
dataset is 68,674, which represents 53.57% of the vehicle
samples. Table 3 shows the numbers and percentages of vehi-
cles that can and cannot receive signals from small BSs; this
study considers the sample vehicles that are able to receive
signals from the small BSs in the LA dataset.

B. NETWORK MODELING
The city of LA is the case study in this paper. The LA 5G
small cells and vehicles datasets are used to model 5G ulta-
dense network. Figure 8 shows the LA system model. It is
assumed that the coverage of small cells is a circular region.

C. PROPAGATION MODEL
As defined in the 3rd Generation Partnership Project (3GPP)
technical report 38.901 in [49] version 16.1.0, the 3GPP
path loss model is used in this study, which is based on 5G
mmWave communication. Specifically, the urban microcell-
line-of-sight (UMi-LOS) model for the street canyon model
is used; in the UMi environment, small BSs are lower than
the tall buildings surrounding them. The formula of the
UMi-LOS (street canyon) model is shown in equation (8).

ζ (d)UMi−LOS =

{
ζ1(d) 10 m 6 d 6 d ′BP
ζ2(d) d ′BP 6 d 65 km

(8)

ζ1(d) = 32.4+ 21 log10(d)+ 20 log10(fc) (9)

ζ2(d) = 32.4+ 40 log10(d)+ 20 log10(fc)

− 9.5 log10((d ′BP)
2
+ (hSBS − hVeh)2) (10)

where d is the distance between a vehicle and a small BS in
meters and fc is the carrier frequency in GHz. The breakpoint
distance is denoted by d ′BP and its formula is represented in
equation (11). The height of the small BS and the vehicle are
denoted by hSBS and hVeh, respectively. The effective height of
the small BS antenna is represented by h′SBS (equation (12)),
while the effective vehicle height is denoted by h′Veh (equa-
tion (13)), where heff is the effective height, equalling 1 meter
in the UMi environment. The speed of light in free space is
denoted by c, which has a value of 3 × 108 m/s.

d ′BP = 4 h′SBS h
′
Veh fc/c (11)

h′SBS = hSBS − heff (12)

h′Veh = hVeh − heff (13)

The wireless channel between a vehicle and its associated
small BS is modeled as a mixture of unit-mean Rayleigh-
fading and log-normal shadowing.

V. PERFORMANCE ANALYSIS
A. PERFORMANCE METRICS
The performance metrics that are used to evaluate our DTE
schemes are the mean of dwell time, number of horizontal
HOs, achievable downlink throughput, network energy effi-
ciency, and number of HO failures and unnecessary HOs. The
mean dwell time (E(Td )) and average number of horizon-
tal HOs (E(NHHO)) are calculated based on equations (14)
and (15), respectively. The number of vehicles is denoted by
M and the number of horizontal HOs is represented byNHHO.

E(Td ) =

∑
M (

∑
(Td )/NHHO)
M

(14)

E(NHHO) =

∑
M NHHO
M

(15)
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FIGURE 7. A snapshot of the LA vehicle dataset.

TABLE 2. Description of the LA vehicle dataset.

TABLE 3. The correlation between the vehicle and small cell datasets.

The throughput of a vehicle Vm is obtained by summing
the effective data rate achieved by the vehicle over the net-
work [43], as given in equation (16).

Throughputm =
∑
n

Rnm, ∀ Vm ∈ V & ∀ Sn ∈ B. (16)

where Rnm is the achievable DL data rate of the vehicle Vm
served by small base stations Sn. It can be calculated based
on Shannon’s equation, as given in equation (17).

Rnm = BW log2(1+ γnm) (17)

The signal-to-interference-plus-noise ratio (SINR) is
defined as the power of the received signal from the serv-
ing BS divided by the sum of interference power from
other BSs and the power of the noise [50]. The SINR at
vehicle Vm associated with small base station Sn, which is
expressed as γnm, can be calculated as given in equation (18).
Thermal noise is considered as an additive white Gaussian
noise (AWGN) with noise power spectral density (N0),

FIGURE 8. System model of LA.

and channel bandwidth (BW ).

γnm =
ptxnζnm(d)hnm∑

i6=n(ptxiζim(d)him)+ N0BW
∀ Vm ∈ V and ∀ Sn ∈ B. (18)
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The transmitted power of small BSs is expressed as ptx .
The path loss (PL), ζ (d), is based on the 3GPP PL model,
as described in section IV-C. The channel gain, which is
denoted by h, is composed of the effects of log-normal shad-
owing and Rayleigh fading.

HO failure occurs if the dwell time within a cell is less than
the HO delay (τi) [51]. Equation (19) represents the formula
of the probability of HO failures.

Pf =


2
π
[sin−1(

vτi
2R

)− sin−1(
vT1
2R

)] 0 6 T1 6 τi

0 τi < T1
(19)

T1 =
2R
v
sin(sin−1(

vτi
2R

)−
2
π
Pf ); 0 6 Pf 6 1 (20)

where v is the velocity of a vehicle and T1 is the time threshold
of HO failures. The acceptable value of Pf in this study is
0.02. The calculation of the average number of horizontal HO
failures, E(Nf ), is presented in equation (21).

E(Nf ) = Pf × E(NHHO) (21)

Unnecessary HO, also known as false HO, refers to a
needless process that happens when the sum of HO delays to
move into (τi) and out (τo) of a small cell exceeds the dwell
time in the small cell [52]. The calculation of the probability
of unnecessary HO is presented in equation (22), where T2 is
the time threshold of the unnecessary HOs.

Pu =


2
π
[sin−1(

v(τi + τo)
2R

)− sin−1(
vT2
2R

)]

0 6 T2 6 (τi + τo)
0 (τi + τo) < T2

(22)

T2 =
2R
v

sin(sin−1(
v(τi+τo)

2R
)−

2
π
Pu); 0 6 Pu 6 1 (23)

The average number of unnecessary HO, E(Nu), is calcu-
lated based on equation (24). In this work, the acceptable
value of Pu is 0.04.

E(Nu) = Pu × E(NHHO) (24)

Energy efficiency (EE) is a vital criterion in designing cell
selection approaches. It refers to the sum of achievable data
rates divided by the total consumed power [53]. Equation (25)
gives the formula for the energy efficiency, measured in
bits/joule.

EE(bits/joule) =
Achievable throughput(bps)
Total consumed power(watts)

(25)

Minimizing the amount of delays is a QoS requirement
for 5G networks [54]. The downlink delay of a packet is
a combination of transmission, propagation, processing and
queuing delays [55], [56]. It can be expressed as given in
equation (26), where Dnmk represents the download delay of
vehicle Vm when downloading packet k through small BS Sn.

Dnmk = Dtransnmk + D
prop
nmk + D

proc
nmk + D

queu
nmk (26)

Transmission delay, Dtransnmk , is the packet length (Lk )
divided by the available transmission rate (Rnm), as shown

in equation (27). In this work, the file transfer protocol (FTP)
model is considered, with a packet size of up to 1500 Bytes.

Dtransnmk =
Lk
Rnm

(27)

Propagation delay, Dpropnmk , refers to the time required for a
packet to travel between a small BS and a vehicle. It can be
obtained by dividing the distance between the small BS Sn
and the vehicle Vm (Xnm) by the speed of light (c), as given in
equation (28).

Dprognmk =
Xnm
c

(28)

Processing delay, Dprocnmk , is the latency of generating the
packets, which equals several microseconds [57]. Queuing
delay, Dqueunmk , is the time spent in a queue at a small base
station until the packet is transmitted. We consider an M/M/1
queuing system with average traffic arrival rate λ and average
service rate µ. Queuing delay is calculated based on Lit-
tle’s theorem, which is a well-known law in queuing theory,
as shown in equation (29) [58].

Dqueunmk =
1

µn − λn
(29)

The average downlink delay of the system can be calcu-
lated as given in equation (30).

E(D) =

∑
M (

∑
Dnmk )

M
∀ Vm ∈ V and ∀ Sn ∈ B.

B. PERFORMANCE EVALUATION
The performance of the proposed DTE is evaluated in terms
of the mean dwell time, number of horizontal HOs, achiev-
able downlink throughput, number of horizontal HO failures,
and unnecessary HOs, network energy efficiency, and packet
delay. In addition, a comparison was made with HO RTP,
MD-VD, ML-VD, NN-O, and NN-S schemes. The simula-
tion model of LA city was performed in MATLAB R2021a.
This was selected as a simulation tool due to its powerful
capabilities that can be used to simulate and evaluate the per-
formance of 5G cellular networks. The simulation parameters
are presented in Table 4.

1) AVERAGE DWELL TIME AND NUMBER OF
HORIZONTAL HOs
The mean dwell time and mean number of HOs are studied
at different vehicle speeds (Figures 9 and 10). We found that,
when the vehicle speed increases, the dwell time decreases
and the average number of horizontal HOs increases; there
is an inverse relationship between the dwell time and the HO
rate, where the longer the dwell time, the lower the horizontal
HO rate. The proposed DTE method has the longest average
dwell time. The reason is that it estimates the staying time of
a vehicle within the serving small cells and it selects the small
cell within range that has the longest dwell time. The NN-O
scheme is the second-best method in terms of the average
dwell time and number of HOs because it chooses a small BS
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FIGURE 9. Average dwell time vs speed.

FIGURE 10. Average number of handovers vs speed.

in the vehicle direction that has the minimum azimuth in the
range between π/2 and π . In other words, the selected small
BS is the one that is located in the left quadrant for the vehicle
with the nearest vertical line with respect to the vehicle’s
location. Therefore, the vehicle stays connected to the serving
BS for a longer period and the average HO rate is reduced.
However, the proposed DTE is superior to the NN-O scheme
in terms of average dwell time and the number of horizon-
tal HOs by 17.17% and 22.67%, respectively. Choosing the
small BS with minimum azimuth within the specified range
of the NN-O scheme does not necessarily lead to the longest
dwell time. TheML-VD scheme depends on choosing the cell
that has the minimum load in the direction of the vehicle, and
therefore the cell selection will not be fixed, since it depends
on the density of vehicles on the streets. The DTE method
achieves superiority over the ML-VD scheme by 34.34% and

FIGURE 11. Average dwell time vs cell size.

FIGURE 12. Average achievable downlink throughput vs speed.

30.95% in terms of average dwell time and number of HOs,
respectively; relying only on traffic load does not guarantee
the longest survival of the vehicle within the serving cell. The
HO RTP andMD-VD schemes have the same performance in
terms of the average dwell time and the number of horizontal
HOs, due to their reliance on a similar principle in choosing
the serving small cell. Both schemes give high priority to
the nearest cell in the direction of the vehicle, but depending
on this principle will reduce the residence time and increase
the number of HOs. Our DTE strategy outperforms them
in terms of average number of HOs by 35.56%. The NN-S
approach is the worst in terms of the average dwell time and
number of HOs. Our proposed DTE protocol outperforms it
by 39.42% and 36.26%, respectively. The reason behind this
is that the small cell that has the minimum angle within the
range between 0 to π is selected in the NN-O scheme to be
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FIGURE 13. Average energy efficiency vs speed.

FIGURE 14. Average number of handover failures vs speed.

the serving cell. Therefore, the cell in the right quadrant for
the vehicle located on the lowest horizontal line with respect
to the vehicle will be selected. Choosing the cell located on
the lowest horizontal line will increase the number of HOs
when the vehicle is moving forward.

Figure 11 represents the relationship between the mean
dwell time under different small cell sizes, where cell radii
of 200, 400, 600, and 800 meters are considered. We found
that there is a direct relationship between the size of the small
cell and the mean dwell time of vehicles within it. As shown
in the line chart, the proposed DTE scheme outperforms the
other cell selection methods because it is based on estimating
the dwell time and selecting the small BS with the longest
residence time. The larger the cell size, the greater the supe-
riority of our scheme over the rest of the methods. The other
cell selection schemes are ranked from the best to the worst
as follows: NN-O, ML-VD, HO RTP and MD-VD, then

FIGURE 15. Average number of unnecessary handovers vs speed.

FIGURE 16. Average DL packet delay vs packet size.

the NN-S scheme. This result confirms what we obtained in
figure 9 for the reasons discussed previously.

2) AVERAGE ACHIEVABLE DOWNLINK THROUGHPUT AND
ENERGY EFFICIENCY
The relationship between the average achievable down-
link throughput and vehicle speeds is shown in figure 12.
The higher the vehicle speed, the lower the average DL
throughput achieved by the vehicle, due to the increase in the
number of horizontal handovers. Our proposed DTE made
improvements over the other cell selection schemes in terms
of the average downlink throughput achieved by vehicles.
The reason is that relying on prolonging the dwell time has a
positive effect on the achievable downlink throughput in two
aspects. The first is that, when the vehicle is moving forward,
the maximum data rate is reached when the vehicle reaches
the middle of the cell. The other schemes do not guarantee
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TABLE 4. Performance evaluation parameters.

FIGURE 17. Absolute, relative, cumulative, and cumulative relative frequencies of the LA small BSs.

reaching this maximum data rate value. The second aspect
is that the handover between cells leads to reduced average
throughput due to the HO latencies involved in performing

the handover process. Our DTE scheme is the best scheme
in terms of the number of HOs, as discussed previously.
Therefore, our method is superior to HO RTP, MD-VD,
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FIGURE 18. Pair plots of all variables that are used to estimate the dwell time.

ML-VD, NN-O, and NN-S schemes by 37.26%, 34.25%,
18.59%, and 38.45%, respectively.

Figure 13 represents the average network energy efficiency
for vehicles under different driving speeds. As the energy effi-
ciency is the ratio between the achievable vehicle throughput
and the total consumed power, the DTE scheme is superior
to the other cell selection schemes because it achieves the
highest average downlink throughput.

3) AVERAGE NUMBER OF HO FAILURES AND UNNECESSARY
HOs
The relationship between the average number of HO failures
and unnecessary HOs versus vehicle speeds is shown in
figures 14 and 15. These show that the higher the vehicle
speed, the greater the number of HO failures and unnecessary
HOs. This is due to the short dwell time caused by the increase
in the speed of the vehicle. Reducing the average number of
HOs will inevitably reduce the mean numbers of HO failures
and unnecessary HOs, since both of them depend on the
duration of residence within the serving cell. Based on our
results, the cell selection schemes are arranged based on the
average number of HOs, from highest to lowest, as NN-S,
HO RTP and MD-VD, ML-VD, NN-O, then DTE, as shown

in figure 10. Consequently, our proposed DTE protocol out-
performs NN-S, HO RTP and MD-VD schemes by up to
33.79% and ML-VD and NN-O by 28.93% and 22.07%,
respectively in terms of the average number of HO failures
and unnecessary HOs.

4) AVERAGE PACKET DELAY
Figure 16 represents the mean packet delay under different
packet sizes, which are 500, 1000, and 1500 Bytes. We found
that there is a direct relationship between the average delay
and the packet size. As the packet size increases, the corre-
sponding downlink delay increases, due to the delay in the
transmission of packets. The proposed DTE scheme achieves
improvements over the othermethods in terms ofmean packet
delay, because it decreases the average propagation delay.
The propagation delay depends on the distance between
the serving small BS and the associated vehicle. Under the
DTE scheme, the minimum value of the propagation delay is
reached when the vehicle is close to the center of the cell,
while other methods may not reach this minimum value.
Consequently, the DTE approach outperforms HO RTP and
MD-VD by 11.78% and it has superiority over ML-VD,
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NN-S and NN-O, by 16.49%, 13.88%, and 6.16%,
respectively.

C. STATISTICAL ANALYSIS
In this section, we study the frequency of selecting a small
base station, which is included in descriptive statistics.
In addition, pair plots are represented, which are statistical
plots that are used to analyze the distribution and show the
dependencies between each pair of variables that are used
to estimate the dwell time of a vehicle within a selected
small BS.

Frequency tables are used to analyze the selection of small
base stations throughout the city of LA based on the proposed
cell selection scheme. Figure 17 shows absolute frequency,
relative frequency, cumulative frequency, and cumulative rel-
ative frequency of the small BSs. Absolute frequency is
the number of times that a small base station is selected
(Figure 17a). The relative frequency is the ratio between
the absolute frequency and the total number of observa-
tions (Figure 17b). The cumulative frequency is the sum
of the absolute frequencies at or below a given observation
(Figure 17c).The cumulative relative frequency is the cumu-
lative frequency divided by the total number of observations
(Figure 17d) [59]. Based on the frequency distribution pro-
vided above, it can be inferred that the density of vehicles that
can receive signals in the LA vehicle database varies from
one street to another. In some streets, there are small cells,
but there are no vehicles to be associated with. Moreover, the
number of the small base stations in some streets is larger than
in other streets. In addition, the distribution of LA small base
stations is based on the LA city infrastructure, and therefore
the small cell within range is chosen which has the longest
dwell time.

Pair plots are a set of scatter and histogram plots that
are used to shows the dependencies between each pair of
variables, and are a plot that combines all possible joined
plots [60]. Figure 18 shows the pair plots of all variables
that are used to estimate the dwell time of a vehicle within
a serving small BS, which are latitude and longitude coordi-
nates, azimuth, and speed of vehicles. The histogram plots on
the diagonal are used to show a single variable relationship,
while the scatter plots are used to represent the relationship
between each two variables. As shown in the pair plots, the
selection of small cells using our DTE scheme depends on
the related vehicle information, in terms of their geographical
location and the direction and speed of movement, and their
relationship to the distribution of the small BSs. All of these
factors play an important role in choosing the small cell to
be associated with. In addition, we found that the vehicle
samples considered are distributed in many areas in the city
of Los Angeles and they are not limited to a specific region.

VI. CONCLUSION AND FUTURE WORK
In this paper, we proposed the DTE scheme as a cell selection
method for 5G UDNs. It increases the dwell time of small
cells to reduce the average rate of HOs and to improve the

average achievable throughput and energy efficiency. The
DTE algorithm passes through four steps to achieve its goals.
The dwell time is estimated based on vehicle information;
that is, latitude and longitude coordinates, speed, and direc-
tion. The algorithm was applied to the city of Los Angeles
in California, and real vehicle information collected in LA
was used. The simulation result shows that our DTE scheme
outperforms other recent related schemes in terms of the
average number of HOs by up to 36.26% and, therefore,
reduces the average number of HO failures and unnecessary
HOs. Furthermore, it made enhancements in terms of mean
achievable DL throughput and energy efficiency by up to
38.45%. In addition, the average packet delay is reduced by
up to 16.49%. For future work, there are several development
aspects that can be considered. The proposed scheme can
be enhanced to consider multi-tier heterogeneous network
infrastructure that is made up of macro and small BSs, where
the macro base stations are still required for high-mobility
vehicles. Furthermore, machine learning (ML) techniques
can be used to intelligently perform the cell selection task
with reduction in computational complexity. Recurrent neural
networks (RNN) and convolutional neural networks (CNN)
are examples of ML-modeling techniques that can be used to
predict the best BS to be associated with.Moreover, software-
defined networking can be applied to centrally coordinate the
cell association decision and to ease the networkmanagement
process.

APPENDIX A
PROOF OF THE DWELL TIME LEMMA
Proof: We start the proof of dwell time (Td ) of a vehicle

in a small cell by relying on the symbols shown in figure 4.
The radius of the small cell is denoted by R and d is the
distance between the current location of a vehicle and the
small BS. The angle between the vehicle direction and SBS is
represented by�. The length of the line L, which is the dwell
distance, equals the sum of the lengths of the two lines that
form it (AC and CD). Therefore, it can be represented as

L = AC + CD (30)

By considering the sides and angle � of the triangle ABC
and by using the cosine and sine rules, we obtain

AC = d cos(�) (31)

BC = d sin(�) (32)

Pythagoras’s theorem was applied to the triangle BCD to
find the length of the second segment of line L, which is CD,
and we obtain

(BD)2 = (BC)2 + (CD)2

R2 = d2 sin2(�)+ (CD)2

CD =
√
R2 − d2 sin2(�) (33)

By substituting equations (31) and (33) into equation (30),
we get

L = d cos(�)+
√
R2 − d2 sin2(�) (34)
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Finally, since dwell time (Td ) in the small cell equals dwell
distance (L) divided by the velocity of the vehicle (v), we get:

Td =
d cos(�)+

√
R2 − d2 sin2(�)
v

(35)

APPENDIX B
LIST OF ABBREVIATIONS
Table 5 gives a list of abbreviations.

TABLE 5. List of abbreviations.
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