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Abstract

With the rapid expansion of fifth-generation (5G)
networks and the increasing density of base stations, the
inter-cell handover process has become one of the
major challenges in ensuring Quality of Service (QoS)
and maintaining communication stability. This study
presents a machine learning-based approach aimed at
improving handover management by implementing
three clustering algorithms—K-Means, DBSCAN, and
GMM—within three distinct execution frameworks:
parallel, sequential, and ensemble. In this framework,

input features such as users’ geographic location,
received signal strength, and cell status are
meticulously preprocessed, and the clustering models
are refined and trained accordingly.

Implementation results demonstrate that the ensemble
structure performs better than other approaches,
showing significant improvement in key metrics such as Precision (91.3%) and F1 Score
(90.2%). To evaluate the effectiveness of the proposed model, a comparative analysis was
conducted with two well-known methods: a Long Short-Term Memory (LSTM) Recurrent
Neural Network and a fuzzy logic-based approach. The comparisons indicate that the proposed
approach demonstrates superior performance in terms of accuracy, handover rate, and
clustering stability.

Furthermore, statistical analysis using the ANOVA test confirms the significant performance
differences among the methods. Overall, the findings of this research underscore the
effectiveness of the proposed ensemble method in reducing unnecessary handovers, enhancing
connection stability, and improving communication quality in dense 5G network environments.
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Highlights

e  Simultaneous utilization of multiple clustering algorithms with modified input features, implemented across
diverse execution frameworks.

e Preprocessing of features such as user location, received signal strength, and cell status to enhance clustering
accuracy.

e  Comprehensive performance comparison of algorithms with their baseline versions, without feature
optimization, to realistically assess the impact of refined input data.

e  Demonstrating significant improvement in network performance through statistical analysis of evaluation
metrics in the ensemble structure compared to other methods.

e Integrating the outputs of algorithms in the ensemble structure using layered decision-making.
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