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Abstract  Ensuring a seamless connection with various types of
mobile user equipment (UE) items is one of the more significant
challenges facing different generations of wireless systems. How-
ever, enabling the high-band spectrum – such as the millimeter
wave (mmWave) band – is also one of the important factors
of 5G networks, as it enables them to deal with increasing de-
mand and ensures high coverage. Therefore, the deployment
of new (small) cells with a short range and operating within
the mmWave band is required in order to assist the macro cells
which are responsible for operating long-range radio connec-
tions. The deployment of small cells results in a new network
structure, known as heterogeneous networks (HetNets). As a re-
sult, the number of passthrough cells using the handover (HO)
process will be dramatically increased. Mobility management
(MM) in such a massive network will become crucial, especial-
ly when it comes to mobile users traveling at very high speeds.
Current MM solutions will be ineffective, as they will not be able
to provide the required reliability, flexibility, and scalability.
Thus, smart algorithms and techniques are required in future
networks. Also, machine learning (ML) techniques are per-
fectly capable of supporting the latest 5G technologies that are
expected to deliver high data rates to upcoming use cases and ser-
vices, such as massive machine type communications (mMTC),
enhanced mobile broadband (eMBB), and ultra-reliable low la-
tency communications (uRLLC). This paper aims to review the
MM approaches used in 5G HetNets and describes the deploy-
ment of AI mechanisms and techniques in “connected mode”
MM schemes. Furthermore, this paper addresses the related
challenges and suggests potential solutions for 5G networks and
beyond.

Keywords  B5G, beam switching, handover, HetNet, mobility
management.

1. Introduction
The massive growth in the number of connected devices, ser-
vices, and the advent of advanced applications has caused
a significant increase in data volumes. Billions of new us-
er equipment (UE) items, such as vehicles, drones, smart
sensors, medical devices/applications, and home appliances,
constitute what is nowadays known as the Internet of Things
(IoT). All these devices and the related services require a con-
tinuous, seamless, and reliable connection. Consequently, in
the coming years, demand for mobile data will increase many
thousand times. The fifth generation (5G) new radio (NR)

network standard is designed to support high data rates while
offering extremely low latency (suitable for real-time appli-
cations), ensuring efficient mobility management (MM) of
the connected devices and guaranteeing higher energy effi-
ciency. It will provide a 10 Gbps peak data rate and per-user
data rates that will be 10 Mbps higher than those available in
current wireless networks [1].
Furthermore, it will increase system capacity and provide
wide-scale connectivity by utilizing new frequency bands,
such as the millimeter wave (mmWave) spectrum. In order to
deal with the demands posed by increased network capacity
and to provide high coverage to users, HetNets will be gaining
in importance. The mmWave band is considered to be the
most suitable and functional solution for 5G mobile networks
and beyond [2], [3]. This leads to the deployment of small
cells which are best suited to operate within the mmWave band
due to their short-range characteristics. They will contribute
mainly to higher throughput, increased energy efficiency,
reduced coverage losses in indoor and outdoor environments,
and to improved quality of service (QoS).
In wireless networks, the MM entity is primarily required
to ensure an appropriate hand-over (HO) process to switch
the connection between different sources without any inter-
ruptions [4], [5]. For example, network coverage should be
maintained to ensure a seamless connection with UE items
traveling in high-speed trains [6]. Wireless communication
solutions, such as 5G networks, are capable of providing con-
tinuous access to specific services. Therefore, when a UE
item is connected, e.g. during a call or data exchange session,
the base station (BS), known as eNodeB (eNB) in LTE and
gNodeB (gNB) in 5G, applies an active signaling mechanism
through its control plane (CP) to monitor the connection,
keep it stable, ensure its good quality and decide the time at
which the HO is requested to switch to another gNB without
interruption [6], [7].
Even though 5G will offer numerous features and solutions
capable of satisfying the demand for increased system capac-
ity, enhancing the user experience and providing high data
rates, a number of MM-related issues have emerged as well.
The anticipated increase in complexity of future wireless net-
works is a result of several factors that have contributed to
challenges in the field of mobility management. These factors
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include mass-scale deployment of small cells – a phenomenon
that constitutes a response to the need for more coverage in
areas with limited-service availability. This deployment is
expected to lead to an increase in handover probability. Addi-
tionally, the implementation of carrier aggregation (CA) and
dual connectivity (DC) technologies will also create a wide
range of handover scenarios that need to be addressed [8].
Consequently, ensuring a seamless connection with a number
of mobile users will become one of the significant challenges
faced while implementing HetNets and ultra-dense HetNets
in 5G networks and beyond. These will significantly reduce
HO performance if current MM mechanisms are retained.
Thus, this paper aims to provide an overview of the concept
of MM and discusses the enhancement of HO schemes in
future wireless networks.
The rest of the paper is organized as follows. Section 2 de-
scribes related works, while Section 3 provides an overview
of 5G networks, focusing on such areas as mmWaves, small
cells, 5G HetNets, and ML. Section 4 discusses the MM
mechanisms, presenting also the background of 5G HetNets
and MM-related functional requirements for 5G networks
and beyond. Section 5 presents the HO concepts, different
types of procedures relied upon and identifies the specific
performance parameters. Section 6 details MM-related chal-
lenges encountered in 5G HetNets. Section 7 identifies future
directions for managing HO in 5G HetNets, while Section 8
concludes the paper.

Small cell

Fig. 1. 5G network architecture.

Figure 1 shows a general architecture of a 5G cellular network
and presents different services that are supported in different
scenarios and environments.

2. Related Works

Comprehensive studies have been performed in the literature
to cope with management-related problems affecting HetNets,
where the mobility of users is the major reason behind per-
forming HO processes and switching the users from one cell
to another. In [9], a prediction method was proposed for cal-
culating user velocity based on the number of HO processes
occurring in HetNets, by using the minimum variance-neutral
technique. In [10], a mitigation algorithm for frequent HO
has been investigated to reduce the number of HO process-
es and improve network efficiency in ultra-dense HetNets by
classifying users with frequent HO processes as high mobil-
ity users and ping-pong (PP) users. In this algorithm, high

mobility users are connected to macro cells. Simultaneous-
ly, this approach optimizes handover (HO) parameters for PP
users to reduce the number of unnecessary handovers. If the
adjustment of HO parameters does not prevent PP effects,
these users are also connected to macro cells.
In [11], the authors attempted to optimize cross-layer HO
processes in terms of delay encountered in HetNets. In pa-
per [12], the authors proposed a framework for achieving
seamless HO between neighboring macro cells in 5G net-
work, with the proposed solution allowing for continuous
switching by integrating the overlap area of an HO-assisted
micro cell with a DC connection. The authors of [13] tried
to identify the weight of HO metrics by proposing a method
that uses the analytical hierarchy processing (AHP) technique
and then sorts the cells for the purpose of selecting the best
target cell for HO relying on the grey rational analysis (GRA)
method. The results showed a reduction in the HO rate and
a lower radio link failure (RLF) rate. In article [14], the im-
pact that channel fading exerts on mobility management in
HetNets has been examined. The results showed that by in-
creasing the sampling period of the HO decision, the fading
effect decreased, while the PP effect increased.
The work described in [15] showed the sensitive user mobility
association rule. The rule attempts to overcome the problem
of crowded areas by directing UEs to small cells and moni-
toring dynamic shifts in channel conditions caused by the
continued mobility of users within the network’s topology.
Consequently, it prevents frequent HO and PP between small
cells. However, specific aspects of mmWave communication
are taken into consideration, e.g. directionality, sensitivity
to blocking, non-line-of-sight propagation effects, and dis-
tributing the UEs within the network accordingly. Due to its
small wave-length, the mmWave band may be blocked by var-
ious objects. To overcome this issue, a framework is provided
in [16] that may predict the data rate degradation caused by
obstacles before the degradation occurs, by expanding the
status area based on sequential camera images, and by us-
ing deep reinforcement learning to decide HO timings and
overcome issues encountered while addressing the problem
of large dimensions.

3. Background

MmWave bands cover high frequencies between 30 and 300
GHz within the spectrum of 5G wireless networks. Thanks
to their significant bandwidth available, these bands may be
used to solve the primary concern of 5G networks, namely
the demand for a higher network capacity [17]. However,
mmWave bands are more vulnerable to weather conditions
and propagation blockages caused by building walls and
vegetation.

3.1. Small Cells

Nowadays, providing full coverage, especially in crowded
cities with numerous high-rise buildings, is a big challenge.
The vast increase in data volumes is another challenge faced
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Fig. 2. Cell deployment scenarios in 5G networks.

by wireless networks. To cope with those obstacles, the size
of macro cells must be reduced [18]. This approach is ineffi-
cient from the cost perspective. The introduction of mmWave
for 5G networks and beyond has resulted in the fact that small
cells have become a preferred solution due to the high path
loss characteristics of these bands. These cells are of the
low power variety and have the form of simple plug-in ac-
cess nodes. They are designed to increase capacity, extend
coverage, and enhance spectral efficiency of wireless net-
works [19].
Many small cell types may be deployed within a single macro
cell. Small cells can be situated either inside or outside of
buildings. They can cover a radius reaching from 10 to many
hundreds of meters in order to ensure adequate coverage for
both indoor and outdoor subscribers, as shown in Fig. 2. Small
cells are also used as load-balancing radio access networks
(RAN) to reduce the load in macro cells and improve QoS.
The following small cell types may be distinguished:
– microcells cover an area of several kilometers [20]. Mi-

crocells are deployed at remote locations, such as small
villages and suburban areas,

– picocells cover the area of approx. 20 to 200 m [21]. Pico-
cells are deployed in congested places or at special occa-
sions, such as stadiums during events, big shopping malls
hosting seasonal parties, and other large gatherings,

– femtocells cover areas of approx. 10 to 30 m and are used in
offices, homes or subways [22]. They are useful in scenarios
where a specific user requires a high data rate and the
available network offers insufficient throughput.

3.2. 5G Hetnets

Improving the coverage of wireless networks is one of the
important requirements. Hence, network expansion and densi-
fication is recognized as one of the most effective mechanisms.
To provide coverage to users in offices, crowded areas or at
homes, small cells can be deployed within a given macro cell.

The deployment of small cells within a macro cell is known
as a HetNet [23]. HetNets are capable of improving the over-
all performance of a wireless network. HetNet deployments
may be classified into four different categories:
– overlapping/non-overlapping,
– intra/inter frequency,
– sparse/dense,
– indoor/outdoor.
In the first category, the macro cell and the low power node
offer overlapping coverages. The low power node operates in
the macro cell’s dead area to enhance coverage. If the coverage
of both components overlaps, low power nodes may be used
for load balancing and for improving capacity. In the second
category, low power nodes and macro cells may operate using
the same carrier frequency (intra-cell frequency) or different
frequencies (inter-cell frequency).
In the third category, low power nodes can be used to provide
service in small areas with high user density levels. Such
scenarios are known as sparse deployment cases. In dense
deployment configurations, however, low-power nodes can
be deployed to enhance the overall capacity over a wider
area. Finally, in the fourth category, low-power nodes may be
applied, in a scalable manner, to secure indoor and outdoor
data transmissions. For instance, femtocells are used for
indoor applications.

3.3. Machine Learning (ML)

Machine learning is an innovative idea where an algorithm is
employed to enable the system to self-learn. This approach
may be implemented in 5G HetNets to enhance their overall
performance [24]. Nowadays, many novel machine learning
models are available, with three key approaches identified
below: unsupervised learning, supervised learning, and rein-
forcement learning. Unsupervised learning algorithms classi-
fy data in the unlabeled form. According to that, the machine
model is in charge of clustering data points in terms of simi-
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Tab. 1. MM-related functional requirements for 5G networks and beyond.

5G and beyond scenario Resulting MM functional requirement

eMBB, mMTC and URLLC applications that require different
QoS, i.e. minimum data rate, latency, reliability, etc. [27]

Support based on context, i.e., UE mobility, network conditions,
application requirements etc.

UEs density ­ 106 devices per km2 [28] Provide adequate support effectively as long as the density of users
continues to increase

Multiple RATs connections Support of multi-RAT MM in addition to the efficient RAT selection
methods

Drones as APs and relay stations [29] Support mobility of both UEs and APs in a 3D form

High speed mobility – up to and 500 kph and beyond [28] Ensure the flexibility required to deal with mobility profile demands
and to avoid the one-size-fits-all approach

Utilizing sub-6 GHz, millimeter wave (mmWave), terahertz
communication [30], [31]

Increased robustness for seamless mobility, bearing in mind that
mmWave will be significantly influenced by what is around, i.e.
buildings, forests, etc.

Network softwarization [32] Evolve to utilize the benefits provided by software enablers, such
as SDN, network function virtualization (NFV), etc.

Granularity of tracking and localization on the beam
level [33]

Utilize the advanced level of granularity to ensure better MM and
tracking performance in high-speed scenarios or in dense urban
networks

larities between each other. Supervised learning, on the other
hand, is a method that requires supervision to determine spe-
cific relations between the input and the output. By definition,
supervised learning algorithms classify data in the labelled
form and feed the model which includes both input and out-
put data. Generally, supervised machine learning techniques
are utilized for classification and regression, i.e processes
relied upon for predicting continuous and separated values,
respectively.

In the third ML model – reinforcement learning (RL) – an
agent learns to make decisions by interacting with its envi-
ronment and by receiving feedback in the form of rewards
or punishments for the decisions made, thus adjusting its
behavior to maximize long-term rewards. The key compo-
nents of RL include a policy (used for mapping states to
actions), a value function (an estimate of the expected re-
ward for being in a specific state and following a specific
policy), and a learning algorithm which updates the poli-
cy and/or value function based on feedback from the en-
vironment.

4. Mobility Management in 5G Hetnets

The MM feature is considered to be one of the fundamental
aspects of wireless communication networks. MM enables
wireless networks to perform various functions, including
locating a UE in the idle state and determining which cell
should be used for delivering data packets, i.e. tracking ar-
eas and managing locations. Additionally, MM is used for
maintaining the connection with UE during its movement
within the network. MM switches the UE connection from
the serving cell (source gNB) to a new cell (target gNB), pro-

vided that coverage is available during its movement. For
instance, when a UE is in a connected state (a call or a da-
ta session are in progress), the data flowing over the user
plane (UP) can be transferred from the source gNB to the
target gNB.

MM enhances the UE’s experience and renders the network
services available for many purposes at any time. Future
wireless networks will provide services for several industry
fields. They will also be dense, heterogeneous and extensively
programmable, while relying on the same network infras-
tructure [25]. These changes represent a paradigm shift in the
network architecture design [26]. Consequently, MM mech-
anisms need to be re-evaluated and/or re-designed. In light
of the above, this section presents, in Tab. 1, the functional
MM-related requirements for future wireless networks, based
on specific network scenarios.

One may observe from Tab. 1 that MM-related mechanisms
for 5G networks and beyond should be adapted and improved
in order to be able to manage future wireless networks ef-
ficiently and to be flexible, scalable, and reliable to ensure
the required QoS and seamless mobility. Apart from these
requirements, there are specific criteria that can impact the
development of future MM solutions. These include the fol-
lowing:

– User context. This category includes several parameters
(i.e., user mobility profiles, flow types, network/user poli-
cies, signal quality) that allow the MM mechanisms of
future networks to serve users with different mobility pro-
files and accessing different services. For instance, in [34],
network load-aware MM methods show a throughput en-
hancement of 75% at the cell edge, compared to the context-
agnostic methods. This means that the availability of con-
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textual information boosts the performance of the network
in terms of the previously mentioned criteria.

– D2D service availability. D2D services may determine
when the mobility management mechanism is executed.
D2D may be utilized to provide seamless mobility by for-
warding CP information. This may be relevant for V2X
scenarios. For instance, vehicles outside the coverage area
or experiencing a deep fade with the infrastructure net-
work could transfer data, over the PC5 interface, through
other vehicles which are close by and are simultaneously
within the coverage area, or are experiencing better chan-
nel conditions when communicating with the network’s
infrastructure.

– Physical layer considerations. The use of massive MIMO
and mmWaves would certainly influence the MM methods.
In urban environments, the mmWave band will suffer from
significant interception in addition to its limited range
caused by peculiar propagation characteristics. Hence,
densification will be required which, in return, calls for
frequent HO. Moreover, the use of beamforming with
massive MIMO antennas may track the mobility of UEs,
allowing to provide them with high QoS through a higher
throughput.

– Control plane signaling. Reduction of CP signaling that
occurs during the HO phase is an important target of future
MM mechanisms. Such a process will positively affect QoS
experienced during the HO process [35].

5. Handover Concepts
Handover is one of the most significant functionalities of
MM. It refers to the ability to maintain the connection of
a UE that is in a connected state with the network during its
mobility, ensuring a seamless transition between different
cells while minimizing service disruption. The fact that UE
remains mobile changes the strength of the received signal,
which may cause the connection to be unstable. To maintain
connectivity, the UE is required to switch between different
cells providing a higher signal strength as it moves within the
network. This process is called a handover (HO) and allows
the UE to stay connected to the network, even as it crosses
cell boundaries. This process is also used for other purposes,
such as steering UE traffic to better frequencies with better
throughput, load balancing within the cell, etc.
Two parameters are used commonly to indicate the power of
the received signals: reference signal received power (RSRP),
and reference signal received quality (RSRQ). RSRP identifies
the average power of the received signal without considering
interference and noise, while RSRQ is a more complicated
metric that identifies the average power of the received signal
including interference and noise components.
The decision to trigger the HO process is taken accord-
ing to the related changes in the strength values of the re-
ceived signal reported by the UE for the current and neigh-
boring cells. The process is performed in the following
manner.

5.1. Handover Procedure

As soon as the strength of the received signal falls, at any
location within the network, below the threshold level, the
HO procedure is triggered. A measurement report includes
the RSRP or RSRQ values of the serving and neighbor cells,
submitted by the UE to the serving cell. There are several
conditions and events in trigger the transmission of MRs such
as A3 event to trigger HO process. The process is initiated
when the power of the signal received from the serving cell
becomes lower than the threshold value, and the received
power of a neighbor cell becomes higher than the threshold
value [36]. The HO process is executed once the serving cell
receives the MR that identifies the neighboring cells which
meet the applicable conditions. The serving cell selects the
neighboring cell that meets the criteria, identifies it as a target
cell to and sends the HO request message in order to transfer
the UE’s connection to the target cell.
The HO process may be divided into four phases, although
they may vary across different technologies: measurement,
preparation, execution, and completion stages may be distin-
guished [37], [38]. During the first phase of the HO process,
when the UE reaches threshold values triggering a specif-
ic event, it reports the source and neighboring cells to the
source cell through the CP. It is important to note that this
step may vary depending on the technology used.
If the HO condition is met, the second phase is initiated, where
the source cell sends an HO request message to the target
cell. In response, the target cell sends an acknowledgment
message to the source cell, including the RRC message. Once
the source cell receives the acknowledgment message, the
third phase begins. In this phase, the source cell forwards the
RRC message to the UE through the HO command message.
When the UE is attached to the target cell, the synchronization,
authentication, and network configuration process is finalized,
marking the end of the fourth phase.
Figure 3 shows the A3 condition triggering the HO process
to the target cell at UE as:

MSource −MTarget > O , (1)

where MSource and MTarget are the RSRP levels of the
serving cell and the target cell, measured at UE, respectively.
O is a cell-specific parameter, known as the HO margin. The
UE sends an MR message to the serving cell when Eq. (1)
remains satisfied for the period of time known as time-to-
trigger (TTT). When the serving cell receives the MR from
the UE, it starts the HO process with the target cell.
Several classifications of the HO process, based on different
perspectives, are available. These are presented below [24].

5.2. Handover Classifications

The HO procedure may be classified based on the purpose
for which it is triggered, e.g., based on load-balancing, QoS
and coverage. In the load-balancing scenario, the HO process
is triggered by the network for UEs located at the edge of the
gNB, in order to prevent gNB from being overloaded when
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Fig. 3. Handover procedure diagram.

the covered area is crowded. For the QoS scenario, the HO
process is triggered if any neighboring gNBs provide better
signal quality than the current one. In the coverage-based
case, HO is triggered to reduce the connection loss rate for
UEs located in areas in which the serving gNB cannot provide
sufficient coverage.

Network densification is one of the most popular solutions
relied upon to manage the vast increase in data traffic in fu-
ture wireless networks, as it is capable of providing excellent
coverage. The idea behind this specific approach is to create
HetNets by deploying small cells, such as microcells, pico-
cells, and femtocells. The HO process would be much more
complicated in a HetNet than in a macro cell.

Two classifications of HO processes are known: they may be
categorized as being of the inter- and intra-cell layer variety.
An intra-cell layer HO occurs between macro-macro/or micro-
micro cells etc. An inter-cell layer HO occurs, in turn, when
the quality of a pico cell signal becomes better than the
threshold value. In such a case, the network may can detach
the UE from the macro cell and attach it to the picocell.

The remaining HO process classifications divide them into
those relying on inter and intra radio access technology (RAT)
HO. Intra-RAT HO occurs in the same RAT, while Inter-RAT
HO occurs between different RATs, for instance, when the
UE access network changes from 4G to 3G or to edge when
the user is traveling on a fast train or is passing through
a forest.

The last classification of HO processes distinguishes soft and
hard HO variations. The soft HO procedure allows UE to
connect to source and target gNBs simultaneously, in order to
prevent connection interruptions. In the hard HO procedure,

in turn, UE may connect to a single gNB during the HO
process only. Therefore, connection interruptions take place
during the HO process.

HO processes may be evaluated based on their performance
parameters which are described below.

5.3. Handover Performance Parameters

There are specific performance indicators that exert a sig-
nificant impact on network parameters and are employed to
measure HO performance of wireless networks. They are
listed below:

– HO rate, outlining the number of HO processes occurring
per second,

– HOF rate, calculated by dividing the number of HOF by
the number of HO processes,

– number of PP events – PP is the second HO to the source
gNB after the first HO from the source gNB to the target
gNB,

– HO interruption time, being the period of time during
which UE could not receive any data packets from source
and target gNBs during the HO process,

– HO latency, being the duration of the HO execution phase.

HO processes involve switching a user’s connection from one
cell to another, and a failure that occurs during this process is
called a handover failure (HOF). One of the most common
causes of HOF is a radio link failure (RLF) which can be
attributed to three key causes described below [19]:

– Too-early HO. It means that the HO process starts before
the signal strength of the target gNB is good enough to
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attach the UE, thus an RLF affecting the connection with
the target gNB takes place. A radio link reestablishment
(RLR) with the source gNB takes place.

– Too-late HO. It means the HO process starts and the RLF
toward the source gNB occurs due to a reduction in channel
quality of the source gNB, a RLR with the target gNB taken
place.

– HO to a wrong cell. This means that the HO process starts
toward a specific gNB and, at the same time, the direction
in which UE is traveling changes and it enters the area
covered by another gNB. The UE may also be moving
along the edge of two neighboring gNBs, with their signals
overlapping. An RLR toward the new gNB occurs and an
RLF message is sent from the connected gNB to inform
the target gNB.

6. MM Challenges in 5G Hetnets

Good understanding of the challenges/issues related to MM
mechanisms is of key significance for this review. For in-
stance, such HO-related issues as frequent HOs, HOF, RLF,
and PP effects, will remain a key challenge in future network
environments. Meanwhile, current MM mechanisms are un-
able to ensure a seamless and effective HO between cellular
and non-3GPP networks, which exacerbates the existing chal-
lenges. HO signaling is yet another challenge, as a reduction
in HO signaling ensures good scalability and reliability of the
network. Additionally, an introduction of network slices to
ensure that different services are rendered in accordance with
their own resource-related demands will create even more
challenges concerning MM design strategies providing joint
solutions for multiple network slices or individual solutions
for each network slice.
Furthermore, context-based MM factors, such as network
load, user preference, network policy, mobility profiles, also
need to be taken into consideration to ensure the best possible
provision of the requested QoS, challenging future MM mech-
anisms. The criticality of this challenge is consolidated by
the fact that low computational complexity of these solutions
will be of the essence in order to meet strict latency-related
requirements. On the other hand, several factors and tech-
nologies that have already been implemented create severe
challenges for mobility management mechanisms used in 5G
networks.

6.1. MmWave and Small Cell Deployment

The deployment of HetNets is a solution that is capable of
satisfying the demand of 5G networks for higher coverage
and capacity. HetNets, made up of low power nodes, such as
micro cells, femtocells, picocells, or even relays, improve the
functionality of macro cell networks. This results from the
introduction of mmWave bands that provide short coverage
due to their path loss characterization, where the path loss
increases as the frequency band used becomes higher [39].
For instance, 28 GHz is one of the best frequency bands

capable of providing coverage of up to 200 m [40]. However,
to provide 5G coverage over a distance of several kilometers,
several small 5G cells must be deployed. Thus, the number of
small cells will continue to increase with the use of higher
mmWave bands, due to the decrease in cell coverage. On the
other hand, a single 4G cell may cover an area within the
radius of up to 1.5 km [41]. Replacement of one 2.1 GHz 4G
macro cell will require approximately fourteen 28 GHz 5G
small cells to achieve the same coverage as ensured by one
4G cell.
Although HetNets are capable of satisfying capacity- and
coverage-related demands, they also create a number of other
issues and challenges related to MM mechanisms, with a par-
ticular emphasis placed on the HO process. The management
of HO parameters is getting much more challenging with 5G
cells characterized by small coverage areas and more com-
plex radio transmission environments. Therefore, large-scale
deployments of small cells increase the probability of trigger-
ing a HO process when UE is moving. This, in turn, leads to
an increase in the probability of PP events, RLF, interruption
time, and throughput regression. The increase in the number
of HOs required, caused by the smaller cell size, boosts the
number of HOFs expected in the network as well.
This poses a significant challenge in high-speed mobility
scenarios in which UEs travel across a single cell over a period
of several seconds, limiting the time needed to send the MR
and complete the HO procedure. Therefore, the introduction
of mmWaves and HetNets/ultra-dense HetNets will be one of
the more significant challenges for MM mechanisms.

6.2. Dual Connectivity (DC)

DC is one of the important technologies that allows UE to
connect to two different cells at the same time [42]. It was
introduced in Release 12 of the 3rd Generation Partnership
Project (3GPP) standard. The first connection is established
with a macro cell, while the other with a small cell [43]. UE
may communicate over 4G and 5G networks simultaneously,
e.g., when the NSA mode is used, the 4G macro cell is
considered the primary node, while the 5G small cell is
considered the secondary node. Such an approach allows to
enhance the data rate and supports UE mobility. The number
of HOs will increase if UE is mobile within the network, since
UE may be simultaneously connected to 4G and 5G networks
over varying frequency bands. The increase in the number of
HO scenarios will affect HO probability compared to a single
connection.
The new HO scenarios occur in two cases. The first case is
when UE switches the connection between a macro cell and
another macro cell at the primary node level. The second case
occurs when UE switches the connection between a small cell
and another small cell at the secondary node level. Several
factors need to be considered in addition to the normal aspects
taken into account in MM mechanisms in order to maintain
the connection with a mobile UE, as HO probability will
be increased and additional mobility-related challenges will
be experienced, including those concerned with interruption
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time, UE power consumption, and RRC signaling to monitor
both connections by the network.

6.3. Carrier Aggregation (CA)

The CA technique was introduced in LTE-A systems from
Release 10 of the 3GPP standard. The basic idea behind CA
consists in aggregating multiple carrier components (CC) to
serve a given piece of UE. It allows UE to support, simul-
taneously, multiple connections with the serving cell, using
different frequency bands, in order to achieve a higher da-
ta rate over a wider bandwidth. The CA approach enhances
wireless connectivity by providing better coverage. One of the
assigned carriers is configured as the primary carrier com-
ponent (PCC), used to transfer both control and user data
flows between the UE and the serving network. The other
assigned carrier is configured as the secondary carrier com-
ponent (SCC) and is used to extend the UE’s bandwidth, and
deliver user data flow only.
The aim of enhancing the CA technique by relying on different
carrier aggregation deployment scenarios (CADSs) is to
increase the total performance of the network by increasing
network coverage, offering extended bandwidth to UEs, and
improving the overall UE experience. However, the addition
of various scenarios to this technique has expanded the range
of mobility-related challenges.
A configuration in which multiple CCs serve a single piece
of UE introduces new HO scenarios. For example, an HO
scenario between CCs could be defined as a CC-to-CC HO.
Such a situation exists when the system needs to change the
PCC, selected as the best among multiple configured CCs.
This new HO scenario focuses on switching the PCC, which is
assigned based on its channel conditions and quality of signal
to the UE. The other HO scenario, in turn, materializes when
an inter-cell HO occurs. As UE allows the use of multiple
CCs, the HO is needed for switching connections of both
PCC and SCC to the new cells that support the CA technique.
These HO scenarios increase the HO probability, leading to an
additional increase in the number of MM-related challenges
that need to be taken into consideration.

6.4. Emergence of UAV Communications

Connected drones are expected to be used in 5G wireless
networks and beyond. Currently, the target scenarios involve
using connected UAVs serving as sky base stations or acting
as mobile UEs when deployed in order to perform other
roles. Such an approach is expected to enhance data rates
of UE, thus providing better wireless services in remote
areas [17], [44].
However, connected drones require more stable communi-
cations. The fact that drones or other UAVs are mobile in
three dimensions is a big challenge that leads to fast vari-
ations in the received signal strength [17], [45]. Moreover,
drones move at faster speeds and their paths vary from those
taken by vehicles or regular UE, which results in a consid-
erable deterioration in received signal strength. This sig-

nificantly contributes to increasing HO probability. The time
required for the HO process to switch connections to a target
cell may cause some interruptions in calls before the drones
switch their connections. Therefore, the interruption in such
a scenario will be increased beyond the value that is typical
of UE.

7. Future Outlook

The expected complexity of future wireless networks results
from the need to adapt to many different use cases by intro-
ducing new communication technologies that are capable of
meeting growing data traffic demands in order to accommo-
date the rapid increase in the number of devices and services
that require an Internet connection. Furthermore, the diverse
range of connection-related requirements (reliability, latency,
minimum data rate, high mobility speed, etc.) is playing an
important role as well and creates numerous challenges for
future MM mechanisms.

The need for intelligent MM solutions is increasing due to
various user scenarios, such as high-speed mobility at differ-
ent altitudes and various densities. These solutions should
address the challenges associated with the available technolo-
gies, such as DC or CA, in order to improve MM mechanisms.
Proper solutions must be identified to exploit the advantages
of these technologies. For instance, utilizing context aware-
ness techniques will ensure the consideration of user, network,
and application context while selecting the appropriate MM
solution. On the other hand, network slicing, which is an
on-demand strategy, could be utilized to assist networks in
dedicating specific slices to dealing with specific scenarios in
order to create MM solutions that supplement the usual sce-
narios. Classifications of potential scenarios may be based
on their expected materialization times, estimated by con-
sidering a history file stored in a module located somewhere
within the network (e.g. many high-speed trains with high
user density, passing specific areas at the same time, when
the network is facing high traffic loads at the beginning of
a work day).

Furthermore, frequent learning of network conditions, mobil-
ity profiles, and their corresponding impact on HO processes
is a complicated task. Many machine learning techniques can
help predict/estimate valuable system parameters (such as
RSRP, RSRQ, user location, user speed, used direction and
load condition) to avoid frequent HOs as well as PP, HOF, and
RLF conditions by selecting an appropriate HO method and
time to trigger the HO process. The ability to understand HO
complexities will render ML methodologies substantial in
determining the best association in an increasingly dynamic
and multi-dimensional network.

Edge computing platforms can assist in faster and more ef-
fective handover decisions, given their ability to provision
computation power closer to the access network. D2D net-
works may also assist with extended coverage and, hence,
smoother handovers. Finally, the higher the number of po-
tential scenarios in future networks, the higher the number
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of queries concerning MM mechanisms that can be actively
verified by research and industrial communities.

8. Conclusion

Mobility management remains a critical aspect of wireless
communication networks, especially in the 5G and beyond
context. However, MM in such networks presents a unique
set of challenges, such as those related to the mmWave band,
deployment of small cells, dual connectivity, carrier aggrega-
tion, and the emerging field of UAV-based communications.
Therefore, further studies and research are required to ad-
dress these challenges and to ensure that MM continues to be
an effective and efficient process in the dynamic environment
of wireless communication networks. By doing so, we can
ensure that users can experience seamless connectivity and
high-quality services, while network operators can continue
to provide reliable and efficient solutions for their customers,
enabling new use cases.
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