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Abstract - Conditional Handover (CHO) is a state-of-the-art handover technique designed for 5G and beyond networks. It decouples
the preparation and execution phases of the traditional handover process and aims to reduce wrong cell selection by utilizing a
predefined list of target cells. Despite its advantages, the limitations of static parameter configuration compromise CHO performance.
This paper proposes a self-optimization mechanism for CHO parameters in 5G networks. Our proposed mechanism is an automated
method for estimating and optimizing CHO parameters, dynamically adjusting key parameters to fine-tune the conditions that
trigger the execution phase of the handover process. In addition, we introduce a second handover trigger referred to as the cell outage
condition. We compared the performance of our proposed mechanism with the baseline CHO, velocity-based, and cell-outage based
mechanisms, using Ping-Pong Handovers (PPHO) and Radio Link Failures (RLF). The simulation results demonstrate reduction of up
to 7% in RLF, a 0.15% decrease in handover errors, and an improvement of approximately 10% in handover performance at velocities

of up to 200 km/h in high-mobility scenarios.
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1. INTRODUCTION

Fifth generation (5G) mobile technology has sig-
nificantly impacted daily life by enabling new features
such as the Internet of Things (loT), massive machine-
type communications (mMTC), Ultra-Reliable Low-
Latency Communications (URLLC) and vehicular net-
works (V2X) [1]. Next generations of mobile networks,
including 5G-Advanced and Beyond 5G (B5G), aim to
support even higher data rates, near-zero latency, and
ubiquitous connectivity [1, 2]. In addition, B5G inte-
grates artificial intelligence for network optimization,
employs terahertz (THz) communication bands to en-
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able extreme bandwidth, holographic and tactile In-
ternet applications, and holistic network coverage in-
tegrating terrestrial, aerial, and satellite segments [1,2].

5G networks also use dual-connectivity and multi-
connectivity techniques to improve connectivity and
overall performance. Using mm-wave frequencies
enables denser cellular networks to meet higher data
throughput requirements. However, these challenges
include moving mobile users and requiring frequent
handovers between microcells. Handover processes in
mobility management ensure that users maintain un-
interrupted connectivity during cell transitions.
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The 5G literature has introduced three primary
handover techniques to minimize interruption time
and reduce handover failures. The first two techniques
have been developed to address dual-connection and
multi-connection scenarios. In 5G and beyond net-
works, the slicing technique is an important virtualiza-
tion [3]. Itis also necessary to define the procedures for
handover between slices.

The third technique, CHO, is a cutting-edge mecha-
nism specifically designed for 5G homogeneous net-
works [4,5]. The CHO is developed to decouple the
preparation and execution phases of the traditional
handover process and aims to reduce wrong cell selec-
tion by utilizing a predefined list of target cells [6]. Also,
it was initially introduced to enhance service quality
and reliability for users with single connectivity within
homogeneous networks. In the paper [7], the authors
have dedicated their efforts to refining the CHO process,
particularly to minimizing wrong target-cell selections
during the preparation phase. If the wrong target cell
is selected, the handover process fails in the execution
phase, and the user equipment (UE) reconnects to the
serving cell. The UE then initiates a new handover proce-
dure, resulting in temporary unavailability of the user's
data path and an extended service interruption time.

The adoption of CHO in 5G networks offers notable
benefits, but also increases control messages, which
strains network management [8]. Also, deploying and
configuring multiple conditions with static parameters
in CHO may adversely effect overall network perfor-
mance [9]. To address the challenge of CHO, we pro-
pose a parameter self-optimization mechanism for
CHO in 5G networks. Our Autotuning-based Parame-
ters for Conditional Handover (APCHO) mechanism es-
timates and optimizes the trigger parameters of CHO.
Our main contributions are as follows:

We formulate an auto-tuning mechanism for the
offset parameter in CHO's execution condition to
reduce handover errors. Our mechanism estimates
the offset parameter based on the UE's velocity,
which serves as the main handover trigger.

«  We propose an efficient cell outage condition that
is related to cell size. Our mechanism uses this con-
dition as an additional trigger for the handover
procedure. This mechanism helps to manage late
and early handovers and improve the efficiency of
handover procedures in 5G HetNets.

«  Furthermore, our APCHO mechanism uses an ap-
proach based on mobility management perfor-
mance data to dynamically adjust the weight of pa-
rameters to mitigate the effect of handover errors.

The paper is organized as follows. Section | provide
an overview of the topic, while Section Il introduces the
background and related works. In Section Ill details the
proposed mechanism. Section IV presents the simula-
tion setup and results. Finally, Section V concludes the
paper with final remarks.
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2. BACKGROUNDS OF CONDITIONAL
HANDOVER

This section provides an overview of CHO and Hando-
ver Performance Indicator (HPI), and related works.

2.1. CONDITIONAL HANDOVER

Mobile networks use a handover mechanism com-
prising three phases: preparation, execution, and com-
pletion. The cell to which the UE is currently connected
cell, called the serving cell, begins the preparation
phase with a measurement command. In response,
the UE returns the measurement results to the serving
cell. Based on the measurement results, the serving cell
identifies a suitable cell called the target cell for the
user's transition and sets the trigger for the execution
phase. In the completion phase, the serving cell releas-
es the radio resources and other configurations based
on the handover completion message received from
the target cell.

The CHO involves three conditions: adding cells to the
target cell list, removing cells from the target cell list and
initiating the execution phase, as shown in Fig. 1. For ex-
ample, if the add condition is met (case number 1 in
blue on Fig. 1), the serving cell adds a target cell 1 to
the target cell list. Additionally, the UE measures the
signal strength of all cells in the target cell list by acti-
vating a measurement command until the target cell's
signal strength meets the other two conditions, and
the serving cell sends a request to reserve and config-
ure radio resources of target cells for the UE [8]. On the
other hand, if the remove condition is met (case num-
ber 3 in blue on Fig. 1), target cell 1 is removed from the
target cell list. Then, the radio resources of target cell
1 are released. These three conditions are part of the
preparation phase.

Serving cell

H
H
. Target cell 2
H
- H
H
d

Small cell

Fig. 1. CHO procedures

Figure 1 also shows the CHO procedures for target
cell 1, microcell and cell outage threshold of the serv-
ing cell. If all parameters are statically configured and
the serving cell's (case number 4 in green on Fig. 1) cell
outage threshold is not met, the UE begins the execu-
tion phase for handover to a microcell.
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The UE is transferred to a smaller cell, and a new CHO
procedure starts after a certain time.

Once the execution condition (case number 2 in blue
on Figure 1) is met, the UE begins transitioning to the
designated target cell at the beginning of the execu-
tion phase. Once completing the execution phase, the
handover process moves to the completion phase.
During this stage, the newly connected cell becomes
the new serving cell, and releases the radio resources
associated with the previous serving cell as well as
those from the target cell list. The three conditions of
CHO are introduced below [10].

Equation 1 shows the add condition of CHO.
RSRPtarget = RSRPserving + 0gaa (1)

where RSRP,, . and RSRP,, ., are the target and
the serving cell’s Reference Signal Received Power
(RSRP), and 0,418 the offset for all candidate cells

listed in the measurement report.

- The remove condition of CHO is introduced in
Equation 2.

RSRPtarget = RSRPserving ~ Oremove (2)

where RSRP,, ., and RSRP, ., are the RSRP of the
target and the serving cell, and o is the offset

for all cells in the target cell list.

«  The UE initiates the execution phase by establish-
ing a new connection with a target cell that satis-
fies Equation 3.

RSRPtarget 2 RSRPserving + Ocxec (3)

where RSRP,, ., and RSRP,, .., are the RSRP of the
target and the serving cell, and o___is the offset for
all cells in the target cell list.

In summary, CHO introduces the following changes
during the preparation and execution phases: a) sepa-
ration of handover phases to operate independently,
enhancing efficiency and reliability; b) creation of a tar-
get cell list based on the measurement results for cell
selection; c) establishment of clear criteria for adding,
removing, and executing handover conditions; and d)
pre-configuration of radio resources for all target cells,
minimizing transition delays. However, the implemen-
tation of CHO presents several constraints:

« A substantial increase in the exchange of control
messages.

Heightened intricacy in prioritizing cells within the
target cell list.

A well-refined algorithm is needed to select the ap-
propriate target cell for execution initiation.

«  The need to fine-tune parameter values for condi-
tions.

«  The need to optimize execution criteria to initiate
handover at the most reasonable time.
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2.2, HANDOVER PERFORMANCE INDICATORS

In the context of handover parameter optimization,
researchers have introduced metrics to evaluate hando-
ver performance. In Saad et al. [11], indicators such as
handover probability, ping-pong handover probability,
and outage probability are introduced as measures of
handover performance. Additionally, the authors ana-
lyzed the impact of these handover indicators and con-
ducted a performance analysis of the proposed optimi-
zation mechanism in a simulation environment.

HPI is defined as a metric for monitoring the perfor-
mance of handover procedures for each cell pair. The
calculation of HPI involves summing three indicators:
Handover Failure (HOF), Handover Ping-Pong (HPP),
and Radio Link Failure (RLF). We define HPI as the sum
of these indicators.

HPI = Wypp *HPP+(IJRLF*RLF+(UHOF * HOF (4)

where W s @y e and W, -are the weights for each indi-

cator of handover performance.
These include:

HPP refers to a ping-pong handover, where the UE
begins a new handover procedure to the serving
cell after a successful handover to the target cell.
HPP is the ratio of ping-pong handovers to total
handovers attempted handovers (HO).
number of ping—pong

total HO (5)

HPP =

where number of ping-pong is the number of ping-pong
handovers, and total HO is all attempted handovers.

RLF can occur when the UE moves out of the cov-
erage area of the serving cell before or during the
handover process. RLF is defined as the ratio of
the number of radio link failures (RLFs) to the total
number of attempted HO.

number of RLF

RLF = total HO (6)

where the number of RLF is the number of RLFs,
and the total HO is all attempted handovers. RLF
indicates the frequency of RLF.

HOF is the ratio of the number of handover failures
to the total number of attempted handovers. Ad-
ditionally, HOF also includes wrong cell selection.

number of handover failures

HOF = total HO (7)

where the number of handover failures refers to all
handover failure events, and the total number of
attempted handovers.

2.3. RELATED WORKS

Many studies have focused on CHO and its improve-
ments. The fast conditional handover (FCHO), intro-
duced in [12, 13], enhances the handover process
by retaining the target cell list after completion of a
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conditional handover (CHO). This allows subsequent
handovers to be performed independently, without
repeating the full preparation steps, such as configura-
tion and measurements. As a result, FCHO significantly
reduces both mobility failures and signaling overhead,
as demonstrated in experimental evaluations. In [14],
the authors first analyzed real-world data collected
from a mobile network to study its configuration and
performance. They then improved Igbal et al's FCHO by
adapting target cell selection criteria tailored for public
transit systems. While their approach effectively reduces
signaling overhead in public transportation scenarios,
it has limitations, including being specifically designed
for a particular use case and not considering velocity in
the mobility model. In other words, it focuses on demon-
strating parameter selection for specific environments.

In [15], the authors investigated the reallocation of
resources during the CHO preparation phase. Dur-
ing target cell evaluation, they utilized beam-specific
measurement reports to update Contention Free Ran-
dom Access (CFRA) resources. The advantage of this
approach was demonstrated through experimental
results showing reductions in average handover delay
and handover failures. However, the results indicated
that relying solely on resource allocation was insuffi-
cient to significantly improve delay and failure rates.

In [16], the authors proposed an Al-based approach
to address measurement report challenges in non-
terrestrial networks, where the distance between the
user and the base station is significant. Their method
involves predicting the handover execution point in
the two-step process based on the outcome of the
one-step phase. The key experimental finding was that
unnecessary handovers and ping-pong handovers oc-
curred more frequently than RLF and HOF, highlighting
a significant limitation in the handover decision pro-
cess. Another notable work on Al-based signal over-
head reduction is presented in [17]. The authors intro-
duce an Al-assisted conditional handover using a clas-
sifier that performs CHO preparations and manages
measurement reports to reduce unnecessary signaling.
In this approach, the measurement reports are classi-
fied as necessary or unnecessary based on the signal
strength received by the user from the base station. Ac-
cording to the simulation results, this method reduced
signaling overhead by 53%, and other indicators such
as RLF also showed a significant decrease.

In [18], the authors presented a method for adjusting
handover hysteresis and time-to-trigger (TTT) based on
different UE velocities and RSRP values. The proposed
approach demonstrated a reduced ratio of handover
failures to total handover through simulation results.
Moreover, the mechanism significantly lowered the av-
erage number of ping-pong handovers and handover
failures compared to other schemes. While the study
is similar to ours in showing the relationship between
velocity and handover performance, it differs in that it
does not take performance-based actions.
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Deb et al. [19] presents an analytical evaluation of
CHO performance, proposing a Markov model with
offsets, time-to-preparation, and time-to-execution.
Through experiments and analysis, Deb [19,20] dem-
onstrates that channel fading plays a crucial role in
reducing handover failure and latency. The impact of
CHO parameters on user velocity is analyzed. Although
multiple static configurations of the parameters were
tested in the experiments, the results indicate that stat-
ic tuning alone is insufficient.

Among many Al-based approaches, we focused on
those most similar to our work in terms of optimization
objectives, performance indicators, and simulation-
based evaluation. In [21], Kwon et al. proposed a deep
learning-based mechanism to optimize handover in
5G networks by dynamically adjusting the hysteresis
value. Their method considered key performance indi-
cators, including handover failures, ping-pong hando-
vers, throughput, and latency. The experimental results
demonstrated high throughput and low latency, par-
ticularly in high-mobility scenarios.

In Lee et al. [22], a prediction-based deep-learning
approach for 5G mmWave networks is discussed. The
proposed approach uses deep learning to predict the
next base station, making it a compelling method that
learns from previously executed handovers to support
decision-making and prediction. The researchers' exper-
iments showed that the proposed method achieved an
accuracy of 98.8%. By reducing the wrong cell selection,
the overall handover performance was improved. In [23],
tests were conducted on a 5G emulator with user speeds
ranging from 20 to 130 km/h. The proposed adaptive
mechanism makes optimal handover decisions based
on Received Signal Strength Indicator (RSSI), user direc-
tion, and velocity. Experimental results showed that at
higher speeds, RSSI decreased, negatively affecting ser-
vice quality. For example, handover latency was 8 ms at
a speed of 80 km/h, and increased to 12 ms at 130 km/h.

Yin et al. propose an approach that combines the ad-
vantages of traditional handover and conditional hando-
ver (CHO) [24]. In the cell selection phase, the target cell
list for CHO is defined with limitations—the selection is
based not only on the strongest signal but also on the
user's historical handover data. The execution phase is
triggered by using the traditional handover execution
condition (Event A4). Experimental results showed that,
compared to CHO alone, the proposed method reduced
total handover failures. However, it also led to an increase
in handover attempts, which is a drawback. In [25], the
researchers proposed a Q-learning-based reinforcement
learning approach for handover decision optimization.
Overall, this method aims to improve QoS by reducing
handover failures and ping-pong handovers while en-
hancing overall performance. However, to achieve opti-
mal handover decisions, the approach requires repeated
actions over time, which leads to increased processing
delays. Additionally, the computational complexity of
the method is relatively high.
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A reinforcement learning-based adaptive hando-
ver approach with optimized decision-making for 5G
mmWave bands is presented in [26]. The proposed
method predicts the reference signal received power
(RSRP) of the target gNB, selects the best target cell
from a neighboring cell list, and dynamically deter-
mines the handover trigger and hysteresis values. The
study analyzes handover success rate, delay, latency,
and user throughput using a high-mobility model with
speeds up to 200 km/h in an urban test environment.
While the handover success rate improved, and hando-
ver delay decreased, the approach faces challenges
related to computational resource demands and com-
plexity when applied in HetNet environments.

Sattar et al [27] presents a novel rectangular mi-
crostrip patch antenna designed for 28 GHz using FR4
substrate, where three feeding techniques are ana-
lyzed, showing that proximity coupling significantly
enhances gain (from 5.50 dB to 6.83 dB) and bandwidth
(from 0.6 GHz to 3.60 GHz), making the antenna highly
suitable for 5G applications. [2,28] propose a self-opti-
mization approach for handover hysteresis and time-
to-trigger (TTT). This method incorporates 5G network
KPIs such as handover probability, handover failures,
ping-pong handovers, and radio link failures (RLF) into
its calculations. Experiments were conducted at speeds
up to 120 km/h, and the results compared three mech-
anisms. Among them, the velocity-based approach
achieved a handover attempt rate similar to the others,
while significantly reducing ping-pong handovers and
handover failures.

3. AUTOTUNING-BASED PARAMETERS FOR
CONDITIONAL HANDOVER

The seamless mobility between cells through effi-
cient handover processes is essential for maintaining
high-quality service in cellular networks. Service inter-
ruptions or errors during handovers can significantly
degrade network performance, resulting in increased
latency, reduced data throughput, and connection
interruptions. We present an APCHO mechanism that
automatically adjusts the parameter values to address
these challenges. APCHO automatically changes crucial
parameters, such as offsets and the cell outage thresh-
old, based on different network environments and the
user's velocity. A distinguishing feature of APCHO is its
dual-trigger decision framework. One of the key advan-
tages is that APCHO incorporates the threshold of cell
outage as an additional condition, where serves as a
second trigger for the handover execution phase.

3.1. AUTO-TUNING PARAMETERS

APCHO runs parameter optimization based on the UE
velocity and HPI control. First, our proposal adjusts the
offset value of the execution condition based on the
UE's velocity. We adjust only the offset parameter of the
execution condition introduced in Equation 3. Initially,
APCHO calculates the o, _parameter using Equation 8

exec
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for every target cell identified in the measurement re-
port. This step ensures that each target cell's execution
condition is tailored to its specific characteristics, pav-
ing the way for efficient handover decisions.

(Vmax - chrrent it 1)

(8)

Oexec = loghysteresis v
max

where VoV ... are the UE's maximum and current
velocities, respectively. Hysteresis is a predefined value,
the same as in traditional handover. For example, if the
UE's velocity is high, the value of o,..is low. After calcu-

lating o, ,, the serving cell sends configuration to the
UE for monitoring the target cell using Equation 3.

The second step involves incorporating HPI into our
calculation. While HPl encompasses three indicators, one
stands out when handover errors occur, carrying more
weight than the others. Our calculation detects this piv-
otal indicator and dynamically adjusts the offset to miti-
gate its impact. This means that the value of o, __is fine-
tuned based on the primary indicator's effect on HPI, ei-
ther increasing or decreasing it as needed. Through this
adaptive approach, the algorithm effectively mitigates
the overall impact of HPI on system performance. Equa-
tion 9 shows these HPI-driven adjustments.

Ocxec = Oexec 6 (9)

where ¢ is the predefined adjustment value, and o,
is the current value of o,.. For example, when HPP is
greater than RLF, APCHO decreases the offset value by 6,
but it increases the offset when RLF is greater than HPP.

The third step is to adjust the cell outage threshold
based on the difference in cell sizes between the serv-
ing and target cells. Equation 10 shows the calcula-
tion of 0, ., . When a UE moves from a macrocell to
a microcell, APCHO sets a lower value foro,, . . Asa
result, the UE keep a connection with the macrocell.
Conversely, the approach increases the o value as
the UE moves away from the microcell.

threshold

Sserving

(10)

Othreshold = Othreshold — S
target
where S S arethe size of the serving and target

serving" target ;
cells, respectively. 0, is the current threshold.
reshold

When the serving cell's signal strength falls below
the threshold, APCHO proactively selects the best
target cell, preventing delayed handovers and signal
drops. On the other hand, when the cell outage condi-
tion is satisfied, APCHO initiates the handover, ensur-
ing a seamless transition and minimizing signal loss
(Equation 11).

RSRPserving < Othreshold

(1)

whereo, . .isthe cell outage threshold calculated by

Equation 10. RSRP,, s the RSRP of the serving cell.

3.2. APCHO PROCEDURES

We implemented a network function in the core net-
work that collects handover information from all cells
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and computes the HPI for each pair after every handover
procedure. APCHO enables continuous monitoring and
uses HPI calculation through the following three steps:

1. HPIl is calculated using parameter values for each
cell combination. If the HPI is higher than the
threshold, the necessary parameters need to be
adjusted using Equation 9,

2. The impact of the three HPI indicators is assessed
and prioritized based on their influence. The pa-
rameter with the greatest impact is identified, and
its associated function is used to fine-tune its value
accordingly,

3. The HPlis then recalculated.

The message flows of APCHO are presented in Fig. 2.

Gatew
Serving cell Targetcell 1 Targetcell2 AMF UPF(s)

N4

|
Packet

Packet
Forwarding
1. Measurement command
and reports

2. CHO decision & add
condition
—3. HO request»

4. HPI

——7. Acknowledge

8. Calculation of CHO
parameters for each target cells

9. RRC and
cell list

10. Evaluate the CHO
conditions and cell
outage condition

11.HO

command ———12. Random access—{

13. Handover execution phase
S [ R S

14. Handover completion phase

3. HO request————|

45 HPl information response
6. Call admission and
| RR configuration

<7. Acknowledge- | 6. Call admission and
RR configuration

If the add condition is satisfied (Equation 1), candidate
cells are added to the target cell list. The serving cell
determines the appropriate values for the offset of the
execution condition using Equation 3 and the cell out-
age threshold using Equation 10.

Step 1 - Measurement command and report: The
preparation phase begins when the serving cell
sends a measurement command. The UE replies to
the serving cell with a report.

Step 2 — CHO decision and add condition: on re-
ceiving the report, the serving cell makes the CHO
decision based on Equation 1.

Step 3 - HO request: if a handover is necessary, the
serving cell sends handover requests to all candidate
cells that have just been added to target cell list.

’ HPI
Y monitoring
server

i 1 N

forwarding:

information request: >

Fig. 2. The message flows of APCHO

Step 4 - HPI information request: simultaneously, the
serving cell sends an HPI information request to the
calculation server.

Step 5 - HPI information response: the calculation
server responds with HPIl information for each combi-
nation of the serving and target cells. The calculation
server already calculated HPI information based on
the handover historical information.

Step 6 - Call admission and RR configuration: the
target cells accept the handover request and prepare
radio resources (RR) for the UE’s active services.

Step 7 - Acknowledge: the target cells send an ac-
knowledgment to the serving cell. This acknowledg-
ment includes all information needed for the next
phases of the handover procedure.

Step 8 - Calculation of CHO parameters for each tar-
get cells: After receiving all acknowledgments and
necessary information, the serving cell calculates the
execution parameter o, _based on Equation 8 and
9, and the cell outage parameter o based on
Equation 10 for each target cell.

threshold

Step 9 — RRC and cell list: the serving cell sends a con-
figuration message that includes RRC configuration,
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target cell list, and parameters of the execution and
cell outage conditions.

Step 10 - Evaluate the CHO conditions and cell out-
age condition: the UE monitors the target cell list us-
ing the CHO conditions and cell outage condition.

Step 11 - HO command: if one of conditions is met,
the UE notifies the serving cell and begins the hando-
ver execution phase with the selected target cell.

The algorithm starts by initializing the test environ-
ment. When the user approaches the edge of the serv-
ing cell, the UE sends a measurement report. The serv-
ing cell checks neighboring cells against predefined
add conditions, creates a target cell list, and decides
whether to initiate a handover. If needed, it sends
handover requests to the target cells and simultane-
ously requests additional data from the Handover Per-
formance Indicator (HPI) control server.

After receiving the responses, the serving cell cal-
culates execution and cell outage condition param-
eters for each target and sends them to the UE. The UE
continuously monitors these target cells and initiates
handover execution if either the execution condition or
the cell outage condition is satisfied. If neither condi-
tion is met, the algorithm loops back to reevaluate con-
ditions in the next cycle. Fig. 3 illustrates this iterative
process with a blue dashed line labelled “Evaluate CHO
and cell outage conditions.”

Connection setup
Measurement report

CHO add condition

CHO decision

Call admission and RR
| HO request to target cells | configuration at target cells

’ HPI request to HPI monitoring. }—>| B e e See H
server

v v

Collect informations and
CHO parameter optimization
for each target cell

v

RRC and cell list to UE

CHO execution
condition

|

HO command to
serving cell

Cell outage
condition

Evaluate the CHO conditions and cell
outage condition

Fig. 3. The flowchart of APCHO
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We excluded the CHO remove condition from this
flow and focused instead on evaluating the CHO deci-
sion logic and performance.

4. SIMULATION RESULTS

In this section, we compare APCHO in a simulation
against a standard CHO, a velocity and cell outage-based
version. The evaluation is based on handover errors and
RLF, averaged over 50 simulation runs using the topology
shown in Fig. 4. We started with 100 users and increased
the number of users by 100 for each of the 50 runs. The
velocity was randomly assigned when placing users at
the beginning of the simulation. Additionally, we ensured
that 50% of the users had a velocity of less than 80 km/h.
Table 1 outlines the parameters used in the simulation.
The network topology was implemented with macrocells
and microcells added at random locations. The topology
advantage of 5G and beyond networks is the microcell
and its performance. In [29], the authors introduced the
usage of microcell's mode, power consumption, and a
heterogeneous dense network topology.

Fig. 5 shows the average RLF ratio, defined as the ra-
tio between the number of RLFs and the number of us-
ers. The graph illustrates that RLF ratio for the standard
CHO and cell outage mechanism is 2%-6% higher than
that of APCHO as the number of handover attempts in-
creases. This is because the static parameters of CHO
and cell-outage condition have low effectiveness in
preventing too late handovers.
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Fig. 4. The simulation topology with 19 macrocell

Note that the number of users and number of at-
tempted handovers are directly related. The velocity-
based mechanism produces an RLF ratio is 1%-3%
higher than APCHO because o___is adjusted based on
only on velocity. As a result, at 1000 users, the RLF ratio
in APCHO is 2%,5%, 6% lower than in the other three
mechanisms. This is because APCHO optimizes the pa-
rameters using three mechanisms: execution condition
parameters, cell outage condition, and HPI calculation-
based changes.
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Table 1. Simulation parameters

Parameters Macrocell Microcell
Carrier frequency (GHz) 2.1 2.1
Bandwidth (MHz) 20 100
The numbers of cells 19 30
Cell radius (m) 500 200
Path loss model 128.1+37.6 log10 (d) 128.1+37.6 log10 (d)
Transmit Power (dBm) 43 21
Overlapping zone (%) 30 0
Antenna Gain (dBi) 5 5
Antenna Gain of UE (dBi) 0 0
Shadowing (dB) 12 7.8
VIS A 237 67 LI (each simulal{tiaorl(r)\gﬂ 00 to 1000)
Veloat()ll(:\f/ﬁ)Es, Vinax Up to 200 (each user randomly selected)
UE’s mobility model Random direction
HPI threshold (%) 2
0,5 Oromovet Qunreshora (AB) 9dB, 6 dB,-8dB
W,y Wy W 1,11

HPP' “"RLF' ~" HOF

8] —— cHO
—— APCHO
| —— velocity
—— cell_outage

RLF (%)

0 200 400 600 800 1000
Number of users

Fig. 5. RLFs versus Number of users

Fig. 6 shows the results for RLFs at velocities ranging
from 10 km/h to 200 km/h for all four mechanisms. Be-
low 40 km/h, all four mechanisms show low differences
between standard CHO, the velocity-based mecha-
nism, the cell outage-based mechanism and APCHO.
The cell-outage mechanism and standard CHO showed
similar results at low velocities. On the contrary, it re-
duced the number of handovers from macrocell to
microcell. Starting from 50 km/h, our APCHO and the
velocity-based mechanism show a lower growth rate
in RLFs compared to the other two mechanisms. The
proposed APCHO maintains low RLFs at all velocities,
even at 200 km/h.

This effect is achieved through the dynamic adjust-
ment of 0,.. and 0, oshoi HOWEVEL, as velocity increases
beyond 150 km/h, RLFs begin to increase due to the
lower RSRP of the serving cell and delayed hando-
vers. CHO and cell-outage mechanisms show a higher
growth rate in RLFs. This is because, in these mecha-
nisms, the cell-outage condition is only one of the fac-
tors influencing handover decisions, which allows the
UE to begin a handover with the target cell too late.
We show the average percentage of handover errors
with respect to the number of users and their velocity.
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Handover errors refer to the number of procedure fail-
ures that occur when the UE's handover procedure fails
during the execution or completion phases.

Fig. 7 illustrates the comparison of handover errors
across four combinations of UE numbers and velocity:
low UE density with low velocity (low-low), low UE den-
sity with high velocity (low-high), high UE density with
low velocity (high-low), and high UE density with high
velocity (high-high) environments. Low UE density re-
fers to 100-250 users, while high density refers to up to
1000 users in the simulation area.

0.40 4 - low-low

mm low-high
= high-low
= high-high

Handover errors (%)
© © o o o o
- [l N N w w
o w o w o w

o
o
a

0.00 -

CHO cell_outage velocity APCHO

Fig. 7. Handover errors versus the four
combinations of UE and velocity

Similarly, low velocity means 10-80 kmph and high
velocity means 80-200 kmph. As observed in Figure 6,
the baseline CHO shows handover errors of approxi-
mately 0.4% in the high-high environment. This is due
to the higher number of users, which results in more
ping-pong handovers, handover failures, too early
handovers, and too late handovers. Additionally, as
UE density increases, more handover procedures are
attempted, which affects the percentage of handover
errors. The velocity-based and APCHO show reduced
handover errors in high-low and high-high combina-
tions. The proposed APCHO has few handover errors at
all combinations. This is because the server calculates
HPI based on handover historical data, and APCHO ad-
justs the handover parameters for each handover and
combinations of target and serving cell.

Fig. 8 illustrates handover performance over the
40-minute test duration. At the start of the simulation

International Journal of Electrical and Computer Engineering Systems



(before 4 minutes), there were minimal differences be-
tween APCHO and the velocity-based mechanisms.

As handover failures and the impact of moving ve-
locity began to emerge, the handover error for CHO
and cell outage-based mechanism increased notice-
ably. Notably, CHO displayed a peak and continuous in-
crease, reaching 12% handover errors at 40 minutes. In
contrast, the proposed APCHO improved performance
by adjusting o, _for each attempted handover. This led
to a reduced HPI compared to CHO, especially after 5
minutes into the simulation.

12 ][—— cHo
—— APCHO
—— velocity
10 1 —— cell_outage

Handover Performance (%)
o

T T T v r T v T T
0 5 10 15 20 25 30 35 40
Time (min)

Fig. 8. Performance comparison of mechanisms

As shown in Table 2, the proposed APCHO reduces
RLF, ping-pong handovers, and overall handover er-
rors. For example, when W, and W, are setto 1 and
W, 1S changed from 1 to 10, RLF decreased by 2.142%,
while HPP and HOF increased by 2.147% and 0.08%, re-
spectively. When adjusting the weighting factors, HOF
variation is smaller compared to the variation in HPP
and RLFs. For example, when Wy, and w,,, are set to
1 and W, 1S increased from 0.1 to 10, HOF changes by
only 0.4%. Therefore, by adjusting the weights of the
reward function, the RLFs and HPP experienced by us-
ers can be reduced through the optimization of specific
types of HO errors.

Table 2. Effect of weight parameters

Too-earlyand Too late
q . Handover
Weights ping-pong  handovers errors
handovers or RLF
Wp=1, 0y, =1, 0,0 =1 5.364 4385 1.158
w,p=1, 0, =10, 0, =1 7.511 2.243 1.156
Wyp=10, Wy, =1, 0, =1 3318 4.391 1.206
Wpp=1, 0, =10, @, =0.1 5.465 2,158 1.201
®,,=10, 0, =1, 0, =0.1 3.248 4.355 1.92
W=l 0, =1, 0, =10 5.344 3.401 1.116

5. CONCLUSION

We have introduced Autotuning-based Parameters
for Conditional Handover (APCHO), an enhanced ver-
sion of CHO that incorporates autotuning parameters
and second handover trigger to improve 5G handover
performance. In addition, we calculated the HPI to au-

Volume 16, Number 10, 2025

tomatically adjust parameters when error thresholds
were exceeded. Our proposed APCHO mechanism
also uses mobility management performance data to
dynamically adjust the weight of parameters to miti-
gate handover errors impact. We evaluated the mobil-
ity performance using a simulator for 5G HetNets. The
simulation results showed that APCHO reduced HOF
and RLFs compared to standard CHO.
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