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Abstract:

The rapid growth of mobile data traffic driven by video streaming, cloud services, Internet of Things (10T),
and emerging immersive applications has placed unprecedented demands on mobile networks. Fifth
Generation (5G) networks and future Sixth Generation (6G) systems aim to provide ultra-high data rates,
ultra-low latency, and massive connectivity. However, managing highly dynamic and heterogeneous traffic
in such networks using traditional rule-based techniques has become increasingly difficult. Artificial
Intelligence (Al), particularly Machine Learning (ML), offers powerful tools to analyze large volumes of
network data, predict traffic behavior, and make intelligent resource management decisions in real time.
This paper presents a simple and comprehensive study of Al-based network traffic management in next-
generation mobile networks. It first explains the characteristics and challenges of traffic in 5G and 6G
systems. Then, it introduces key Al and ML techniques relevant to traffic management. Major application
areas such as traffic prediction, congestion control, load balancing, network slicing, and quality of service
assurance are discussed in detail. The paper also highlights performance metrics, implementation
challenges, and future research directions. The study concludes that Al-driven traffic management is
essential for achieving efficient, scalable, and reliable operation of future mobile networks.
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1. INTRODUCTION

Mobile communication networks have evolved rapidly over the past few decades, moving from voice-
centric systems to data-driven platforms supporting a wide range of services. Today’s users expect
uninterrupted video streaming, real-time gaming, cloud access, and reliable connectivity for smart devices.
With the introduction of 5G, mobile networks now support enhanced Mobile Broadband (eMBB), Ultra-
Reliable Low-Latency Communications (URLLC), and massive Machine-Type Communications (mMTC).
These diverse service requirements generate highly variable and unpredictable traffic patterns.

Traditional traffic management approaches rely on static rules, predefined thresholds, and simplified
models. While effective for earlier generations, these methods struggle to cope with the complexity of 5G
and future 6G networks. Traffic characteristics vary across time, location, service type, and user mobility.
Moreover, network architectures are becoming more flexible and virtualized, with technologies such as
Software-Defined Networking (SDN), Network Function Virtualization (NFV), and network slicing.
Artificial Intelligence provides a new paradigm for traffic management by enabling networks to learn from
data, adapt to changing conditions, and make proactive decisions. Al-based traffic management can improve
resource utilization, reduce congestion, enhance Quality of Service (QoS), and lower operational costs. This
paper focuses on how Al techniques are applied to manage traffic efficiently in next-generation mobile
networks.

2. CHARACTERISTICS OF TRAFFIC IN 5G AND 6G NETWORKS
e Traffic Diversity : 5G networks support a wide variety of applications, ranging from high-bandwidth
video streaming to low-data-rate I0T sensors. Each application has different requirements in terms of
latency, reliability, throughput, and priority. Managing such diverse traffic flows simultaneously is a
major challenge.
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e Traffic Variability : Traffic load varies significantly over time due to daily usage patterns, special
events, and unexpected situations. Spatial variability is also high, as traffic hotspots shift depending
on user movement. Future 6G networks are expected to further increase this variability with
holographic communications, extended reality (XR), and Al-driven services.

e Ultra-Low Latency Requirements : Applications such as autonomous driving, remote surgery, and
industrial automation require extremely low latency and high reliability. Traffic management
mechanisms must ensure that critical packets are prioritized and delivered without delay.

e Network Softwarization : The use of SDN and NFV allows dynamic reconfiguration of network
resources. While this increases flexibility, it also adds complexity, making intelligent traffic
management essential.

3. OVERVIEW OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Artificial Intelligence refers to systems that can perform tasks typically requiring human intelligence, such
as learning, reasoning, and decision-making. Machine Learning is a subset of Al that focuses on algorithms
that learn patterns from data.

e Supervised Learning : Supervised learning uses labeled data to train models for prediction or
classification. In traffic management, it is commonly used for traffic load prediction and congestion
detection.

e Unsupervised Learning : Unsupervised learning identifies patterns in unlabeled data. It is useful for
traffic clustering, anomaly detection, and identifying unusual traffic behavior.

e Reinforcement Learning: Reinforcement Learning (RL) enables an agent to learn optimal actions
through interaction with the environment. RL is widely used for dynamic traffic control, routing, and
resource allocation.

e Deep Learning : Deep Learning uses multi-layer neural networks to model complex relationships. It
is particularly effective for handling large-scale and high-dimensional network data.

4. AI-BASED NETWORK TRAFFIC MANAGEMENT TECHNIQUES

The effective management of network traffic in next-generation mobile networks requires intelligent,
adaptive, and data-driven techniques. Artificial Intelligence offers several practical methods that can be
applied at different layers of the network to improve traffic handling, reduce congestion, and ensure quality
of service. The following Al-based techniques are commonly suggested for traffic management in 5G and
future 6G networks.

1. Machine Learning—Based Traffic Load Prediction

One of the most important Al techniques for traffic management is traffic load prediction using machine
learning. Supervised learning models such as Linear Regression, Support Vector Machines (SVM), Random
Forests, and deep learning models like Long Short-Term Memory (LSTM) networks can predict future
traffic demand based on historical data. Accurate prediction allows the network to allocate bandwidth,
processing power, and routing paths proactively, rather than reacting after congestion occurs. This technique
is especially useful for handling peak-hour traffic and sudden load variations in urban areas.

2. Deep Reinforcement Learning for Dynamic Traffic Control

Deep Reinforcement Learning (DRL) is well suited for real-time traffic control in highly dynamic
environments. In this approach, an intelligent agent continuously observes network conditions such as queue
length, delay, and packet loss, and then takes actions such as adjusting routing paths, scheduling priorities,
or bandwidth allocation. Over time, the agent learns an optimal policy that balances traffic load while
minimizing congestion and latency. DRL is particularly effective in scenarios where traffic patterns are
unpredictable and network conditions change rapidly.

3. Al-Based Congestion Detection and Classification

Early detection of congestion is critical for maintaining network performance. Unsupervised learning
techniques such as K-means clustering, Principal Component Analysis (PCA), and autoencoders can be
used to analyze traffic features and identify abnormal patterns that indicate congestion. Once detected,
supervised learning models can classify congestion severity and trigger appropriate control actions. This
approach improves response time compared to traditional threshold-based congestion detection methods.
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4. Intelligent Load Balancing Using Al

Al-based load balancing techniques distribute traffic intelligently across available network resources,
including macro cells, small cells, and multiple transmission paths. Machine learning models can consider
factors such as user mobility, channel quality, and application type when making load balancing decisions.
By learning optimal traffic distribution strategies, Al helps prevent overload on specific network elements
and ensures more uniform resource utilization.

5. Al-Driven Network Slicing Traffic Management

Network slicing is a key feature of 5G and beyond, allowing multiple logical networks to share the same
physical infrastructure. Al can be used to manage traffic within and across slices by predicting slice-specific
demand and dynamically allocating resources. Reinforcement learning and deep learning models help
ensure that each slice meets its performance requirements while avoiding resource wastage. This technique
is essential for supporting diverse services such as enhanced mobile broadband, 10T, and ultra-reliable low-
latency communications.

6. Federated Learning for Distributed Traffic Analytics

Federated learning is an emerging Al technique where models are trained locally at network nodes without
sharing raw data. This approach is useful for traffic management in large-scale networks where privacy,
data volume, and communication overhead are concerns. By sharing only model parameters, federated
learning enables collaborative traffic prediction and congestion control across multiple base stations while
preserving data privacy.

7. Al-Assisted Quality of Service and Quality of Experience Optimization

Al techniques can correlate traffic parameters with Quality of Service (QoS) and Quality of Experience
(QoE) indicators. Using supervised and reinforcement learning, networks can prioritize critical traffic, adapt
scheduling policies, and dynamically adjust routing to meet application-level requirements. This results in
improved user satisfaction and more efficient use of network resources.

5. PERFORMANCE METRICS AND IMPLEMENTATION CHALLENGES
Common metrics used to evaluate Al-based traffic management solutions include:
. Throughput

. End-to-end latency

. Packet loss rate

. Jitter

. Resource utilization

. User satisfaction (QoE)

Al-based methods aim to optimize these metrics simultaneously, which is often difficult using traditional
techniques. Implementation challenges for above techniques is as explained below :
e Data Availability and Quality : Al models require large amounts of high-quality data. Inconsistent
measurements, missing values, and vendor-specific formats can limit performance.
e Scalability : Next-generation networks may consist of thousands of cells and millions of devices. Al
solutions must scale efficiently without excessive computational overhead.
e Real-Time Decision Making : Traffic management decisions often need to be made in milliseconds.
This places strict constraints on model complexity and inference time.
e Trust and Explainability : Network operators must trust Al decisions. Explainable Al techniques are
needed to make Al-based traffic management more transparent and acceptable.

CONCLUSION

Al-based network traffic management is a key enabler for the efficient operation of 5G and future 6G
mobile networks. By learning from data and adapting to dynamic conditions, Al techniques overcome the
limitations of traditional rule-based approaches. Applications such as traffic prediction, congestion control,
load balancing, and network slicing demonstrate significant improvements in performance and reliability.
However, challenges related to data quality, scalability, real-time operation, and explainability must be
addressed for successful deployment. Overall, Al-driven traffic management will play a central role in
realizing intelligent, flexible, and user-centric next-generation mobile networks.

[JIRCT2601002 \ International Journal of Innovative Research and Creative Technology (www.ijirct.org)




Volume 12 Issue 1 @ 2026 IJIRCT | ISSN: 2454-5988

REFERENCES:

1. C. Jiang, H. Zhang, Y. Ren, Z. Han, K.-C. Chen, and L. Hanzo, “Machine learning paradigms for
next-generation wireless networks,” IEEE Wireless Communications, vol. 24, no. 2, pp. 98-105,
2017.

2. X. Foukas, G. Patounas, A. Elmokashfi, and M. K. Marina, “Network slicing in 5G: Survey and
challenges,” IEEE Communications Magazine, vol. 55, no. 5, pp. 94-100, 2017.

3. H.Ye, G.Y. Li, and B.-H. Juang, “Deep reinforcement learning based resource allocation for V2V
communications,” IEEE Transactions on Vehicular Technology, vol. 68, no. 4, pp. 3163-3173, 2019.

4. M. Chen, U. Challita, W. Saad, C. Yin, and M. Debbah, “Artificial neural networks-based machine
learning for wireless networks: A tutorial,” IEEE Communications Surveys & Tutorials, vol. 21, no.
4, pp. 3039-3071, 2019.

5. A. Engelbrecht, Computational Intelligence: An Introduction, 2nd ed., Wiley, 2007.

6. N. Zhang, P. Yang, J. Ren, D. Chen, Y. Li, and X. Shen, “Synergy of big data and 5G wireless
networks: Opportunities, approaches, and challenges,” IEEE Wireless Communications, vol. 25, no.
1, pp. 12-18, 2018.

7. ITU-R, “IMT Vision — Framework and overall objectives of the future development of IMT for 2020
and beyond,” Recommendation ITU-R M.2083-0, 2015.

8. W. Saad, M. Bennis, and M. Chen, “A vision of 6G wireless systems: Applications, trends,
technologies, and open research problems,” IEEE Network, vol. 34, no. 3, pp. 134-142, 2020.

[JIRCT2601002 \ International Journal of Innovative Research and Creative Technology (www.ijirct.org)




