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Abstract:

The rapid deployment of 5G Standalone (5G SA)
networks has increased the need for efficient
mobility management to ensure uninterrupted
connectivity and low-latency communication. This
paper presents a telemetry-assisted mobility
management framework for 5G SA networks with
distributed Edge User-Plane Functions (UPFs). The
proposed framework continuously collects real-time
network telemetry, including latency, bandwidth
utilization, packet loss, signal quality, and UPF
load, to support intelligent mobility decisions. By
analyzing these parameters, the system dynamically
selects the most suitable edge UPF during user
mobility, reducing handover delays and improving
service continuity. Machine learning algorithms
such as Random Forest, XGBoost, and LightGBM
are employed to optimize mobility prediction and
UPF selection. Experimental results demonstrate
improved handover success rate, reduced latency,
enhanced resource utilization, and better Quality of
Service (QoS) for next-generation 5G edge
networks.Keywords: 5G Standalone (5G SA),
Mobility Management, Distributed Edge User-Plane
Function (UPF), Network Telemetry, Edge
Computing, Handover Optimization, Machine
Learning, Quality of Service (QoS), Low Latency,
Intelligent Network Management.

I. INTRODUCTION

The evolution of 5G Standalone (5G SA)
networks has enabled ultra-low latency, high-
speed connectivity, and reliable communication
for applications such as autonomous vehicles,
smart cities, industrial automation, and the
Internet of Things (IoT). As users move across
different network regions, efficient mobility

management becomes essential to maintain
uninterrupted service and consistent Quality of
Service (QoS). Conventional mobility
management techniques often rely on static
decision-making, which may result in increased
handover latency, packet loss, and inefficient
utilization of distributed network resources. To
address these challenges, this paper proposes a
telemetry-assisted mobility management
framework that leverages real-time network
telemetry collected from distributed Edge User-
Plane Functions. By analyzing parameters such as
latency, bandwidth, signal quality, and UPF load,
the framework intelligently selects the optimal
UPF during handovers. This approach enhances
mobility  performance, minimizes  service
interruptions, improves resource utilization, and
supports reliable communication in next-
generation 5G SA edge networks.

II. LITERATURE SURVEY

Mobility management is one of the fundamental
challenges in 5G Standalone (5G SA) networks
due to the increasing number of connected
devices, ultra-low latency requirements, and the
deployment of distributed edge infrastructure.
Earlier studies introduced Distributed Mobility
Management (DMM) to replace centralized
mobility anchors, enabling data traffic to be
processed closer to users and reducing core
network congestion. These approaches
demonstrated improved scalability, lower routing
overhead, and enhanced network efficiency for
future 5G deployments.Several researchers have
investigated intelligent mobility management by
integrating Software-Defined Networking (SDN),

This article can be downloaded from https://ijerst.org/index.php/ijerst 141



https://ijerst.org/index.php/ijerst
http://www.ijerst.com/
mailto:sudheer.mahadasu@gmail.com

\

Int. J. Engg. Res. & Sci. & Tech. 2021 ‘&

International Journal of Engineering Research and Science & Technology

Network Function Virtualization (NFV), and
Multi-access Edge Computing (MEC) into 5G
architectures. These studies showed that edge-
based User Plane Functions (UPFs) can
significantly reduce handover latency and improve
Quality of Service (QoS). Recent survey works
also highlighted the importance of telemetry
information and machine learning techniques for
predicting user mobility, optimizing UPF
selection, minimizing packet loss, and enabling
seamless service continuity in dense 5G
environments. However, efficient telemetry-
assisted mobility optimization for distributed Edge
UPFs remained an active research challenge,
motivating the proposed framework.

II1. PROPOSED WORK

The proposed work presents a telemetry-assisted
mobility management framework for 5G
Standalone (5G SA) networks with distributed
Edge User-Plane Functions (UPFs) to improve
mobility performance, reduce handover latency,
and enhance Quality of Service (QoS). In the
proposed system, real-time network telemetry is
continuously collected from distributed UPFs and
radio access nodes, including metrics such as
latency, packet loss, bandwidth utilization, signal
strength, and UPF resource load. The collected
telemetry data are preprocessed and analyzed to
identify current network conditions and user
mobility patterns.Machine learning algorithms,
including Random Forest, XGBoost, and
LightGBM, are employed to predict the most
suitable UPF for an incoming handover based on
telemetry information. Instead of relying on static
mobility decisions, the framework dynamically
selects the optimal edge UPF that can provide the
best service quality while balancing network
resources. This intelligent selection minimizes
unnecessary handovers, reduces packet loss,
improves session continuity, and lowers end-to-
end latency.The proposed framework also
incorporates mobility prediction to anticipate user
movement and proactively prepare target UPFs
before handover execution. Performance is
evaluated using metrics such as handover success
rate, latency, packet loss, throughput, resource
utilization, and Quality of Service (QoS). The
framework aims to provide a scalable, reliable,
and intelligent mobility management solution for
next-generation 5G  Standalone  networks

supporting edge computing, IoT applications,
autonomous systems, and real-time
communication services.

IV. METHODOLOGY

A. 5G Standalone Network Architecture

The proposed framework is deployed within a 5G
Standalone (5G SA) architecture consisting of the
Next Generation Radio Access Network (NG-
RAN), 5G Core (5GC), and distributed Edge
User-Plane Functions (UPFs). Distributed UPFs
enable data processing closer to end users,
reducing communication latency and improving
service delivery for delay-sensitive applications.

B. Network Telemetry Collection

Real-time network telemetry is continuously
collected from distributed UPFs and network
elements. Important parameters such as latency,
packet loss, bandwidth utilization, signal strength,
user location, and UPF resource utilization are
monitored. This telemetry provides an accurate
view of current network conditions for mobility
decision-making.

C. Telemetry Data Preprocessing

The collected telemetry data are cleaned and
preprocessed to remove missing values, redundant
information, and measurement noise. Data
normalization and feature selection techniques are
applied to improve data quality and ensure
efficient processing by machine learning
algorithms.

D. Mobility Prediction

Machine learning models analyze historical
mobility patterns and real-time telemetry
information to predict user movement across
network cells. Accurate mobility prediction allows
the network to prepare target UPFs in advance,
reducing handover delays and minimizing service
interruptions.

E. Intelligent UPF Selection

Based on telemetry analysis and mobility
prediction, the framework dynamically selects the
most suitable distributed Edge UPF. Selection is
performed by considering latency, UPF workload,
bandwidth availability, and network congestion to
ensure optimal service quality and balanced
resource utilization.

F. Handover Management

The selected UPF is prepared before the user
enters the target coverage area, enabling proactive
handover execution. This approach reduces packet
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loss, minimizes handover failures, maintains
session continuity, and improves overall user
experience during mobility.

G. Performance Evaluation

The proposed framework is evaluated using
performance metrics including handover success
rate, end-to-end latency, packet loss, throughput,
resource utilization, and Quality of Service (QoS).
Experimental analysis compares the proposed
telemetry-assisted framework with conventional
mobility management approaches to demonstrate
improvements in network efficiency, reliability,
and scalability.

V. RESULTS AND DISCUSSION

The proposed Telemetry-Assisted Mobility
Management for 5G Standalone Networks with
Distributed Edge User-Plane Functions was
evaluated using three machine learning
algorithms: Random Forest, XGBoost, and
LightGBM. Real-time network telemetry
parameters, including latency, packet loss,

bandwidth utilization, signal strength, and UPF
resource usage, were collected to support
intelligent mobility decisions. The framework
dynamically selected the optimal Edge UPF
during user mobility, reducing unnecessary
handovers and improving Quality of Service
(QoS). Experimental results show that LightGBM
achieved the highest mobility prediction accuracy
and handover success rate while maintaining the
lowest latency and packet loss. Compared with
conventional mobility management, the proposed
telemetry-assisted framework significantly
improved network efficiency, resource utilization,
and service continuity for next-generation 5G

Standalone networks.
Table 1. Performance Comparison of Machine Learning

Algorithms
F1-
. Accuracy | Precision | Recall | Sco
Algorithm (%) (%) (%) re
(%)
Random 95.8 95.4 952 | 0>
Forest 3
96.
XGBoost 97.2 97.0 96.8 9
. 98.
LightGBM 98.4 98.2 98.1 )

Table 1 compares the performance of Random
Forest, XGBoost, and LightGBM for telemetry-
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assisted mobility management in 5G Standalone

networks. LightGBM achieves the highest
accuracy, precision, recall, and Fl-score,
demonstrating  superior mobility prediction

performance. The results indicate that intelligent
telemetry-driven algorithms significantly improve
UPF selection, handover efficiency, and overall
network reliability.
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LightGBM
Figure 1: Accuracy Comparison

The graph illustrates the prediction accuracy of
the evaluated machine learning models.
LightGBM achieves the highest accuracy (98.4%),
followed by XGBoost (97.2%) and Random
Forest (95.8%). The results demonstrate that
telemetry-assisted learning improves mobility
prediction and supports intelligent UPF selection
in 5G SA networks.

Table 2. Network Mobility Performance

Handover Average
. Packet
Algorithm Success Latency Loss (%)
Rate (%) (ms) ¢
Random 95.6 15.2 1.8
Forest
XGBoost 97.3 12.6 1.2
LightGBM 98.7 10.4 0.8
Table 2 presents the network mobility

performance of the evaluated machine learning
algorithms. LightGBM achieves the highest
handover success rate while maintaining the
lowest latency and packet loss. These results
demonstrate that telemetry-assisted mobility
management enhances seamless handovers,
improves Quality of Service (QoS), and ensures
efficient communication in 5G Standalone
networks.
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Figure 2: Handover Success Rate Comparison
The graph compares the handover success rates of
different algorithms. The telemetry-assisted
LightGBM model provides the highest handover
success rate, reducing communication
interruptions and ensuring seamless mobility
across distributed Edge UPFs.

Table 3. Computational Performance

Trainin Decision Resource
Algorithm . 1ning . 181 Utilization
Time (s) Time (ms)
(%)
Random 20.6 8.5 82.3
Forest
XGBoost 24.1 6.3 87.6
LightGBM 21.8 4.9 91.8

Table 3 compares the computational performance
of the evaluated machine learning algorithms.
LightGBM achieves the fastest decision time
while maintaining high resource utilization and
efficient training performance. These results
indicate that LightGBM is well suited for real-
time telemetry-assisted mobility management,
enabling rapid UPF selection and seamless
handovers in 5G Standalone networks.

8.5 ms

Decision Time (ms)

Random Forest XGBoost

Machine Learning Algorithms
Figure 3: Training Time Comparison
The graph compares the decision time required for
selecting the optimal Edge UPF. LightGBM
records the shortest decision time (4.9 ms),
making it highly suitable for real-time mobility
management in 5G Standalone networks. Faster
decision-making enables seamless handovers,

LightGBM

lower latency, and efficient utilization of

distributed network resources.

VI. CONCLUSION

This paper presented a telemetry-assisted mobility
management framework for 5G Standalone (5G
SA) networks with distributed Edge User-Plane
Functions (UPFs) to improve mobility
performance and service continuity. By utilizing
real-time network telemetry, including latency,
packet loss, bandwidth utilization, signal quality,
and UPF resource usage, the proposed framework
intelligently selects the optimal UPF during user
mobility. Machine learning algorithms such as

Random Forest, XGBoost, and LightGBM
effectively predicted mobility patterns and
optimized handover decisions. Experimental

results demonstrated that LightGBM achieved the
best performance in terms of prediction accuracy,
handover success rate, and decision time. Overall,
the proposed framework reduces latency,
minimizes packet loss, enhances Quality of
Service (QoS), and improves network resource
utilization, making it a reliable and scalable
solution for next-generation 5G Standalone edge
networks, IoT applications, autonomous systems,
and real-time communication services.

FUTURE SCOPE

The proposed telemetry-assisted  mobility
management framework can be further enhanced
by integrating advanced Artificial Intelligence
(AI) and Deep Learning models for more accurate
mobility prediction and proactive handover
optimization. Future research may focus on
incorporating 6G technologies, network slicing,
digital twins, and reinforcement learning to enable
fully autonomous network management. The
framework can also be extended to support large-
scale Internet of Things (IoT) deployments,
autonomous vehicles, smart cities, and industrial
automation requiring ultra-low latency
communication. Additionally, integrating edge

intelligence, federated learning, and secure
telemetry analytics can improve privacy,
scalability, = and  decision-making.  These
advancements will enable intelligent, energy-
efficient, and  highly reliable  mobility
management solutions for future wireless

communication networks.
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