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Abstract—Machine learning-based handoff management has emerged as a promising approach
to improve handover performance and quality of service in 5G networks. This approach
involves using machine learning algorithms and models to automate handover prediction,
decision-making, and resource allocation. Machine learning models can be trained on historical
network data to predict when and where a handover may occur, which can help trigger
proactive handovers or allocate resources in anticipation of a handover. By analysing current
network conditions and user preferences, machine learning algorithms can make intelligent
decisions on whether to perform a handover or not, and which target cell or network to
handover to. Additionally, machine learning models can be used to optimize the allocation of
network resources, such as bandwidth and power, for handover management, which can
improve network capacity and reduce energy consumption. However, there are also some
challenges associated with machine learning-based handoff management. The availability and
quality of data can affect the accuracy of the models, and the complexity of the models may
make it difficult to identify the root cause of handover problems or to debug the models. In
summary, machine learning-based handoff management has the potential to improve handover
performance and quality of service in 5G networks. This paper presents a review of ML based
resource allocation strategies for Handoff in 5G Mobile Communication System along with a
proposed ML based model. By leveraging the power of machine learning algorithms and
models, handover prediction, decision-making, and resource allocation can be optimized to
improve network performance, capacity, and efficiency.

Index Terms— Machine Learning, Handoff, Mobile Network, resource, channel.

|. INTRODUCTION

Handoff in 5G mobile communication refers to the process of transferring an ongoing communication session
from one base station to another, as the user moves from one location to another. Handoff is a crucial feature of
mobile communication systems, as it enables seamless connectivity and uninterrupted communication even
when the user is on the move. In 5G, handoff is achieved through a variety of techniques, including hard
handoff, soft handoff, and proactive handoff. Hard handoff involves the immediate transfer of the
communication session from the source base station to the target base station, while soft handoff allows for a
brief period of overlap where both base stations are transmitting signals to the user. Proactive handoff involves
initiating the handoff process before the user reaches the edge of the coverage area of the current base station,
thereby ensuring seamless connectivity. One of the key benefits of 5G handoff is the ability to maintain high data
rates and low latency during the handoff process. This is achieved through techniques such as beamforming and
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beam management, which enable the seamless transfer of the communication session between base stations
without disrupting the quality of the connection. Overall, handoff is an essential feature of 5G mobile
communication systems, as it enables seamless connectivity and uninterrupted communication for users on the
move.

A. Channel allocation for handoff in 5G Mobile Communication

In 5G mobile communication, channel allocation for handoff is a crucial aspect of ensuring seamless
connectivity and uninterrupted communication as the user moves between different base stations. There are
various methods for channel allocation in handoff, such as fixed channel allocation, dynamic channel allocation,
and hybrid channel allocation. Fixed channel allocation involves reserving a specific set of channels for each
base station, which are allocated to the users that are connected to that base station. In this method, handoff can
be initiated only when there is a channel available in the target base station. Dynamic channel allocation, on the
other hand, allows for more flexible channel assignment, as channels are assigned on a demand basis. When a
user moves into the coverage area of a new base station, the system dynamically allocates a channel to the user
from the available pool of channels in the new base station. Hybrid channel allocation combines the benefits of
both fixed and dynamic channel allocation methods. In this method, a subset of channels is reserved for each
base station, while the remaining channels are dynamically allocated based on demand. Channel allocation for
handoff is typically managed by the base station and the mobile device, which negotiates and coordinate the
handoff process. The base station communicates with the mobile device to determine the quality of the current
connection and the availability of channels in the target base station, while the mobile device sends a handoff
request to the base station when it detects a stronger signal from the target base station. Overall, effective
channel allocation is critical for ensuring seamless handoff in 5G mobile communication systems, and there are
various methods available to achieve this.

B. Techniques for handoff in 5G mobile communication

There are several techniques for handoff in 5G mobile communication, which are designed to ensure seamless
connectivity and uninterrupted communication as the user moves between different base stations. Some of the
key techniques for handoff in 5G include:

1. Hard handoff: This technique involves the immediate transfer of the communication session from the
source base station to the target base station. Hard handoff is typically used when the signal quality
from the current base station is poor, and there is a stronger signal available from the target base station.

2. Soft handoff: In this technique, there is a brief period of overlap where both the source and target base
stations are transmitting signals to the user. This helps to ensure uninterrupted communication during
the handoff process, and can be particularly useful in areas with weaker signals.

3. Proactive handoff; This technique involves initiating the handoff process before the user reaches the
edge of the coverage area of the current base station. By initiating the handoff process early, proactive
handoff can help to ensure seamless connectivity and uninterrupted communication even when the user
is moving at high speeds.

4. Mobile-assisted handoff: In this technique, the mobile device actively measures the signal quality from
different base stations and sends this information to the network. This allows the network to make more
informed decisions about when and how to initiate handoff.

5. Fast handoff: This technique is designed to reduce the latency associated with handoff, by starting the
handoff process before the current connection is completely lost. Fast handoff can help to ensure
seamless connectivity and uninterrupted communication even when the user is moving at high speeds.

6. Beamforming and beam management: These techniques are used to optimize the handoff process by
directing the transmission and reception of signals in a specific direction. By directing signals towards
the target base station, beamforming and beam management can help to ensure a smooth handoff
process with minimal disruption to the user.

Overall, these techniques are essential for ensuring seamless handoff in 5G mobile communication, and they are
constantly evolving to meet the demands of modern wireless networks.

This paper is organized as follow. Section I present basics about handoff strategies in mobile communication
system along with channel allocation for handoff in 5G Mobile Communication and techniques for handoff in
5G mobile communication. Section Il presents review of literature about the topic, findings from Review of
literature along with gaps / scope of research in this area. Section Il presents proposed machine learning based
handoff strategy which is followed by Conclusion in Section IV.
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I1. REVIEW OF LITERATURE

Latest research papers related to the topic have been reviewed related to resource allocation for handoff in 5G
mobile communication. Liu et al. in "Handover Resource Allocation in 5G Heterogeneous Networks Using
Multi-Objective Optimization" paper proposed a multi-objective optimization model for handover resource
allocation in 5G heterogeneous networks. The model considers both user and network objectives and uses a
genetic algorithm to find optimal solutions. Zhang et al. in "Dynamic Resource Allocation for Handover in 5G
Networks" paper proposed a dynamic resource allocation scheme for handover in 5G networks. The scheme
takes into account the user's velocity, signal quality, and traffic load to determine the optimal handover decision
and resource allocation. Eryani et al. in "A Survey of Handover Techniques in 5G Mobile Networks" paper
provides an overview of various handover techniques in 5G mobile networks, including hard handover, soft
handover, proactive handover, and fast handover. The paper also discusses the challenges and opportunities
associated with handover in 5G networks. Huang et al. in "Optimal Resource Allocation for Handover in 5G
Networks" paper proposed an optimal resource allocation scheme for handover in 5G networks. The scheme
takes into account the user's position, velocity, and signal quality to determine the optimal handover decision and
resource allocation. Li et al. in "Resource Allocation and Optimization for Vertical Handover in 5G Networks":
This paper proposes a resource allocation and optimization scheme for vertical handover in 5G networks. The
scheme considers both user and network objectives and uses a genetic algorithm to find optimal solutions. Liu et
al. in "A Game-Theoretic Approach for Resource Allocation in 5G Networks" paper proposed a game-theoretic
approach for resource allocation in 5G networks. The approach considers both user and network objectives and
uses a Nash equilibrium to find optimal solutions. Wu et al. in "A Reinforcement Learning Approach for
Handover Resource Allocation in 5G Networks" paper proposed a reinforcement learning approach for handover
resource allocation in 5G networks. The approach uses a Q-learning algorithm to determine the optimal
handover decision and resource allocation. Chen et al. in "Energy-Efficient Handover Resource Allocation in 5G
Networks" paper proposed an energy-efficient handover resource allocation scheme in 5G networks. The scheme
considers both user and network objectives and uses a genetic algorithm to find optimal solutions. Zhou et al. in
"A Deep Learning Approach for Handover Resource Allocation in 5G Networks" paper proposed a deep
learning approach for handover resource allocation in 5G networks. The approach uses a deep neural network to
learn the optimal handover decision and resource allocation. Wu et al. in "A Hybrid Algorithm for Handover
Resource Allocation in 5G Networks" paper proposed a hybrid algorithm for handover resource allocation in 5G
networks. The algorithm combines genetic algorithms and particle swarm optimization to find optimal solutions.
Asgari et al. in "Handover Decision and Resource Allocation in 5G Networks Using Fuzzy Logic" paper
proposed a fuzzy logic-based approach for handover decision and resource allocation in 5G networks. The
approach considers multiple criteria, including signal strength, traffic load, and user preferences, to determine
the optimal handover decision and resource allocation. Chen et al. in "Machine Learning-Based Handover
Resource Allocation in 5G Networks" paper proposed a machine learning-based approach for handover resource
allocation in 5G networks. The approach uses a support vector machine to learn the optimal handover decision
and resource allocation. Zhang et al. in "Optimal Handover Resource Allocation in 5G Networks Using Particle
Swarm Optimization" paper proposed an optimal handover resource allocation scheme in 5G networks using
Particle Swarm Optimization.

A. Findings from Review of literature

The review of literature on resource allocation for handoff in 5G mobile communication revealed several
techniques that have been proposed to improve handoff performance and quality of service. These techniques
include multi-objective optimization, dynamic resource allocation, game theory, reinforcement learning, deep
learning, fuzzy logic, machine learning, and particle swarm optimization. Multi-objective optimization has been
used to allocate resources for handover in 5G heterogeneous networks. This technique considers multiple
objectives, such as minimizing delay, reducing energy consumption, and maximizing network capacity, to make
the best handover decision. Dynamic resource allocation involves dynamically allocating network resources,
such as bandwidth and power, based on traffic demand and channel conditions. This technique can improve
handover performance by ensuring that the network resources are efficiently utilized.

Game theory has been applied to handover resource allocation in 5G networks to achieve a fair distribution of
resources among different users. Reinforcement learning is another technique that has been used to allocate
resources for handover in 5G networks. This technique uses feedback from the network to learn the optimal
resource allocation policy for handover. Deep learning has been applied to handover resource allocation in 5G
networks to improve the accuracy of handover prediction and reduce handover delay. Fuzzy logic has also been
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used to make handover decisions based on a set of rules and membership functions that map the input variables
to output decisions. Machine learning techniques, such as support vector machines and artificial neural networks,
have been used to make handover decisions and allocate resources for handover in 5G networks. These
techniques can learn from past handover events and predict the best handover decision based on the current
network conditions. Particle swarm optimization has been used to optimize handover resource allocation in 5G
networks by finding the optimal allocation of network resources that minimizes the handover delay and ensures
quality of service.

B. Scope of research based upon Review of Literature

Based on the above review of literature on resource allocation for handoff in 5G mobile communication, some
gaps and scope for future research can be identified. These include:

1. Lack of standardization: Although several techniques have been proposed for handoff resource
allocation in 5G networks, there is no standardized approach for handoff management. Future research
could focus on developing a standardized handoff management framework that can be used across
different 5G network architectures.

2. Consideration of multiple factors: Most of the existing techniques for handoff resource allocation in 5G
networks consider only a few factors, such as delay, energy consumption, or network capacity. Future
research could focus on developing more comprehensive approaches that take into account a wide range
of factors, including network load, traffic patterns, and user mobility.

3. Robustness and scalability: Many of the existing techniques for handoff resource allocation in 5G
networks have been evaluated under specific network scenarios and may not be robust enough to handle
dynamic changes in network conditions or to scale up to large-scale networks. Future research could
focus on developing more robust and scalable techniques for handoff resource allocation that can adapt
to changing network conditions and handle large-scale networks.

4. Real-time performance: Many of the existing techniques for handoff resource allocation in 5G networks
are computationally intensive and may not be suitable for real-time handoff management. Future
research could focus on developing more efficient and lightweight techniques for handoff resource
allocation that can operate in real-time.

5. Security and privacy: With the increasing use of 5G networks for critical applications, such as
autonomous vehicles and industrial automation, security and privacy concerns are becoming more
important. Future research could focus on developing handoff resource allocation techniques that take
into account security and privacy requirements and ensure the integrity and confidentiality of the
handoff process.

The review of literature on resource allocation for handoff in 5G mobile communication reveals several gaps and
scope for future research. These include the lack of standardization, consideration of multiple factors, robustness
and scalability, real-time performance, and security and privacy concerns. Addressing these gaps and conducting
further research in these areas could lead to more efficient, reliable, and secure handoff management in 5G
networks. Several techniques have been proposed to improve handover performance and quality of service in 5G
networks. These techniques have been applied to different scenarios and network architectures, and they have
shown promising results in terms of reducing handover delay, improving handover accuracy, and maximizing
network capacity. However, there is still room for further research to investigate the effectiveness of these
techniques in more complex network scenarios and to develop more efficient resource allocation algorithms for
handover in 5G networks.

I11. PROPOSED MACHINE LEARNING BASED HANDOFF STRATEGY

Machine learning-based handoff in 5G mobile communication involves using algorithms and models to
automatically learn patterns from data and make decisions for handover management. Machine learning
techniques, such as support vector machines, artificial neural networks, and decision trees, have been applied to
different aspects of handoff management, including prediction, decision-making, and resource allocation. One
important application of machine learning in handoff management is handover prediction. Machine learning
models can be trained on historical network data, such as signal strength, mobility patterns, and traffic load, to
predict when and where a handover may occur. These predictions can then be used to trigger proactive
handovers or to allocate network resources in anticipation of a handover. Machine learning can also be used for
handover decision-making. By analyzing the current network conditions and user preferences, machine learning
algorithms can make intelligent decisions on whether to perform a handover or not, and which target cell or
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network to handover to. Another important application of machine learning in handoff management is resource
allocation. Machine learning models can be used to optimize the allocation of network resources, such as
bandwidth and power, for handover management. By taking into account multiple objectives, such as
minimizing handover delay and energy consumption, machine learning-based resource allocation algorithms can
make efficient decisions that maximize network performance and quality of service. Machine learning-based
handoff management has several benefits. It can reduce handover delay and improve handover accuracy by
making intelligent decisions based on real-time network conditions and user preferences. It can also optimize
resource allocation and ensure that network resources are efficiently utilized, thereby improving network
capacity and reducing energy consumption. However, there are also some challenges associated with machine
learning-based handoff management. One challenge is the availability and quality of data. Machine learning
models require large amounts of high-quality data to be trained effectively, and the quality of the data can affect
the accuracy of the models. Another challenge is the complexity of the models. Machine learning models can be
complex and difficult to interpret, which may make it challenging to identify the root cause of handover
problems or to debug the models.

A possible machine learning-based handoff strategy for 5G mobile communication could involve the following
steps as explained below and shown in figure 1:

1. Data collection: The data collected for machine learning models may include information such as user
behavior, network traffic, network topology, and device information. This data can be collected through
various sources such as base stations, user equipment, network management systems, or even crowd-
sourced data. The data should be collected in real-time and processed in a centralized location or
distributed across multiple nodes.

2. Feature engineering: Feature engineering is a crucial step in machine learning-based handoff strategy,
as it involves identifying and selecting relevant features that can capture the characteristics of the
network and the user's behavior. Some of the features that can be extracted include signal strength,
network load, traffic type, speed, and user preferences. Feature engineering can also involve techniques
such as normalization, scaling, or dimensionality reduction to improve the performance of machine
learning models.

3. Model training: There are several machine learning algorithms that can be used for training models for
handoff management, such as decision trees, k-nearest neighbors, neural networks, or support vector
machines. The training dataset should be split into training and testing sets to evaluate the performance
of the models. The models should be trained to predict when and where a handover may occur, and to
make decisions on whether to perform a handover or not.

4. Handoff decision-making: Once the machine learning models have been trained, they can be used to
make intelligent handover decisions. The decision-making process can be based on various factors, such
as predicted signal strength, network congestion, or user preferences. For instance, if the model predicts
that a handover will occur soon, it can trigger a proactive handover or allocate resources in anticipation
of the handover.

5. Resource allocation: Machine learning models can be used to optimize the allocation of network
resources for handover management. For example, machine learning models can be used to predict the
amount of resources required for a handover and allocate resources dynamically and adaptively. This
can help improve network capacity and reduce energy consumption.

Evaluation: The performance of the machine learning-based handoff strategy can be evaluated using metrics
such as handover success rate, handover latency, and network capacity. The strategy can be continuously
improved by updating the models with new data and adjusting the parameters of the machine learning
algorithms.

Data Feature Model Handoff Resource

. A o . . Evaluation
Collection Engineering Training Decision Allocation

Figure 1. Steps for ML based resource allocation strategy for Handoff in Mobile Communication

Machine learning-based handoff strategy can provide significant benefits for 5G mobile communication by
improving handover performance and quality of service. By leveraging the power of machine learning
algorithms and models, handover prediction, decision-making, and resource allocation can be optimized to
improve network performance, capacity, and efficiency.
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The performance and working of the proposed machine learning-based handoff strategy for 5G mobile
communication can be summarized as follows:

1. Performance: The performance of the strategy can be evaluated based on various metrics, such as
handover success rate, handover latency, and network capacity. The handover success rate indicates the
percentage of handovers that are successfully completed without any interruption or loss of data. The
handover latency refers to the time taken to complete a handover, which should be minimized to avoid
delay and improve user experience. The network capacity refers to the amount of data that can be
transmitted over the network, which should be optimized to meet the demands of users and applications.

2. Working: The working of the strategy involves several steps, as described earlier. First, the data is
collected from various sources, including base stations, user equipment, and network management
systems. Next, relevant features are extracted from the collected data using feature engineering
techniques. Then, machine learning models are trained using the training dataset, which involves both
supervised and unsupervised learning techniques. The trained models are then used to make intelligent
handover decisions based on various factors, such as predicted signal strength, network congestion, or
user preferences. The models also optimize the allocation of network resources for handover
management, which helps improve network capacity and reduce energy consumption. The performance
of the strategy is continuously monitored and evaluated using metrics such as handover success rate,
handover latency, and network capacity. The models are also updated with new data and adjusted based
on the performance evaluation results to further improve the performance of the strategy.

In summary, the proposed machine learning-based handoff strategy for 5G mobile communication can help
improve the handover performance by providing intelligent decision-making and resource allocation. The
performance of the strategy can be evaluated based on various metrics, and the models can be continuously
updated and adjusted to improve the performance. Further work is required to optimize the performance of the
strategy and to evaluate its effectiveness in real-world scenarios. Python's machine learning libraries and
network programming libraries can be used to implement the various stages of the algorithm. The performance
of the strategy can be evaluated using various metrics to ensure that it meets the requirements of the 5G network.

IVV. CONCLUSION

The review of literature on resource allocation for handoff in 5G mobile communication has shown that various
techniques and approaches have been proposed to address the challenges associated with handoff management in
5G networks. These techniques include traditional approaches such as threshold-based and prediction-based
algorithms, as well as more advanced approaches such as game theory and machine learning-based algorithms.
Each approach has its strengths and weaknesses, and the choice of the most appropriate technique depends on
the specific network requirements and constraints. Furthermore, the use of machine learning-based handoff
management can emerge as a promising approach to address the challenges associated with handoff management
in 5G networks. Machine learning algorithms and models can be applied to different aspects of handoff
management, including prediction, decision-making, and resource allocation. By leveraging the power of
machine learning, handover prediction, decision-making, and resource allocation can be optimized to improve
network performance, capacity, and efficiency. One possible approach has been proposed in this paper by
applying machine learning for decision making in handoff process. Despite potential benefits of machine
learning-based handoff management, there are also some challenges associated with this approach. The
availability and quality of data can affect the accuracy of the models, and the complexity of the models may
make it difficult to identify the root cause of handover problems or to debug the models. Therefore, further
research is needed to address these challenges and to develop more accurate and reliable machine learning
models for handoff management in 5G networks.

REFERENCES

[1] Y. Liu, L. Wang, and X. Wang, "Handover Resource Allocation in 5G Heterogeneous Networks Using Multi-Objective
Optimization," IEEE Access, vol. 8, pp. 23386-23396, 2020.

[2] L. zhang, C. Li, and J. Jin, "Dynamic Resource Allocation for Handover in 5G Networks," IEEE Communications
Magazine, vol. 57, no. 10, pp. 54-60, 2019.

[3] Y. Al-Eryani, M. Jaseemuddin, and Z. Al-Makhadmeh, "A Survey of Handover Techniques in 5G Mobile Networks,"
IEEE Access, vol. 7, pp. 147039-147052, 2019.

[4] L.Huang, X. Zhang, and Y. Wang, "Optimal Resource Allocation for Handover in 5G Networks," IEEE Transactions
on Wireless Communications, vol. 18, no. 11, pp. 5149-5161, 2019.

1310



[5] Q. Li, L. Li, and D. Li, "Resource Allocation and Optimization for Vertical Handover in 5G Networks," IEEE
Transactions on Vehicular Technology, vol. 69, no. 10, pp. 11705-11715, 2020

[6] Y. Liu, C. Xue, and L. Wang, "A Game-Theoretic Approach for Resource Allocation in 5G Networks," IEEE
Transactions on Vehicular Technology, vol. 69, no. 8, pp. 9270-9281, 2020.

[71 L. Wuand Q. Yin, "A Reinforcement Learning Approach for Handover Resource Allocation in 5G Networks," IEEE
Transactions on Mobile Computing, vol. 19, no. 1, pp. 191-205, 2020.

[8] X. Chen, W. Li, and Q. Li, "Energy-Efficient Handover Resource Allocation in 5G Networks," IEEE Transactions on
Vehicular Technology, vol. 68, no. 6, pp. 5298-5311, 2019

[9] X. Zhou, L. Chen, and H. Dai, "A Deep Learning Approach for Handover Resource Allocation in 5G Networks," IEEE
Transactions on Vehicular Technology, vol. 69, no. 5, pp. 4961-4971, 2020.

[10] Y. Wu and W. Zhang, "A Hybrid Algorithm for Handover Resource Allocation in 5G Networks," IEEE
Communications Letters, vol. 23, no. 8, pp. 1454-1457, 2019.

[11] M. R. Asgari and M. H. Yaghmaee, "Handover Decision and Resource Allocation in 5G Networks Using Fuzzy Logic,"
IEEE Transactions on Vehicular Technology, vol. 68, no. 5, pp. 4355-4364, 2019.

[12] Z. Chenand B. Cao, "Machine Learning-Based Handover Resource Allocation in 5G Networks," IEEE Communications
Letters, vol. 23, no. 7, pp. 1119-1122, 2019

[13] X. Zhang, L. Huang, and Y. Wang, "Optimal Handover Resource Allocation in 5G Networks Using Particle Swarm
Optimization," IEEE Transactions on Mobile Computing, vol. 19, no. 6, pp. 1291-1302, 2020.

1311



