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ABSTRACT-In the rapidly evolving landscape of 5G wireless networks, ensuring Quality of Service (QoS) and 

managing congestion effectively are critical challenges that must be addressed to meet the stringent performance 

requirements of modern applications. This paper presents an in-depth study on the application of adaptive artificial 

intelligence (AI) techniques for QoS and congestion management in 5G wireless networks. By leveraging machine 

learning (ML) and deep learning (DL) algorithms, we propose an intelligent framework that dynamically adjusts 

network parameters in real-time to optimize performance and mitigate congestion. The proposed approach integrates 

reinforcement learning for adaptive decision-making, convolutional neural networks (CNNs) for traffic pattern 

recognition, and long short-term memory (LSTM) networks for predictive analysis of network congestion trends. 

Through extensive simulations and real-world testing, our framework demonstrates significant improvements in 

QoS metrics such as latency, throughput, and packet loss, while efficiently managing congestion across diverse 

network scenarios. The results indicate that adaptive AI techniques hold immense potential in enhancing the 

robustness and efficiency of 5G wireless networks, paving the way for more reliable and high-performance 

communication systems. 
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I. INTRODUCTION 

The advent of 5G wireless networks marks a significant leap in the evolution of mobile communication, 

promising unprecedented data rates, ultra-low latency, and support for a massive number of connected devices. 

These advancements are critical for enabling a wide array of applications, including enhanced mobile broadband, 

Internet of Things (IoT), and mission-critical services. However, achieving the full potential of 5G is contingent 

upon addressing key challenges related to Quality of Service (QoS) and congestion management. QoS in 5G 

networks involves maintaining optimal performance metrics such as throughput, latency, jitter, and packet loss, 

which are essential for supporting diverse and demanding applications. Traditional approaches to QoS management 

often rely on static policies and predefined rules, which can be inadequate in the face of the dynamic and complex 

nature of 5G traffic. Moreover, the heterogeneous nature of 5G networks, characterized by varying service 

requirements and user demands, necessitates more sophisticated and adaptive solutions. 
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Congestion management in 5G networks presents another layer of complexity. With the exponential increase in 

data traffic driven by applications such as video streaming, augmented reality (AR), and autonomous vehicles, the 

risk of network congestion becomes significant. Effective congestion management must account for real-time 

network conditions and be capable of making rapid adjustments to ensure consistent service quality and prevent 

network overloads. 

Adaptive artificial intelligence (AI) techniques offer promising solutions to these challenges by enabling 

networks to dynamically learn and adjust to changing conditions. AI, particularly machine learning (ML) and deep 

learning (DL), provides powerful tools for predictive analytics, decision-making, and optimization in complex 

environments. In the context of 5G networks, these techniques can be harnessed to develop intelligent systems that 

continuously monitor network performance, predict potential congestion events, and optimize resource allocation 

and QoS parameters in real-time. Reinforcement learning (RL) stands out as a particularly effective AI approach for 

adaptive decision-making in dynamic environments. By learning from interactions with the network environment, 

RL-based algorithms can develop strategies that maximize QoS while minimizing congestion. Convolutional neural 

networks (CNNs) are adept at analyzing traffic patterns and detecting anomalies, which can be used to identify and 

mitigate congestion issues before they escalate. Long short-term memory (LSTM) networks, a type of recurrent 

neural network, excel in processing sequential data and forecasting future network states, allowing for proactive 

congestion management. 

 

Fig 1: Congestion Management in 5G Wireless Networks 

The deployment of 5G wireless networks represents a paradigm shift in the telecommunications industry, 

characterized by its ability to support enhanced mobile broadband (eMBB), ultra-reliable low-latency 

communications (URLLC), and massive machine-type communications (mMTC). This transformative technology 

aims to deliver significantly higher data rates, reduced latency, and increased connectivity, accommodating the 

growing demand for mobile data and the proliferation of Internet of Things (IoT) devices. However, the realization 

of these benefits hinges on overcoming critical challenges related to Quality of Service (QoS) and congestion 

management. 
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Quality of Service (QoS) Management: In 5G networks, QoS management is vital for maintaining performance 

standards across diverse applications, ranging from high-definition video streaming to real-time interactive services. 

Unlike previous generations, 5G networks must support a wide array of use cases with distinct QoS requirements, 

including varying levels of latency, bandwidth, and reliability. Traditional QoS management strategies, which often 

rely on static configurations and rule-based mechanisms, are insufficient for handling the dynamic and 

heterogeneous nature of 5G traffic. These methods lack the flexibility to adapt to real-time changes in network 

conditions, leading to suboptimal performance and user experience. 

Congestion Management: Congestion management in 5G networks is a complex task due to the unprecedented 

levels of traffic and the diversity of data flows. Factors such as high data consumption from video applications, the 

continuous operation of IoT devices, and the varying mobility patterns of users contribute to potential network 

congestion. Effective congestion control is essential to prevent bottlenecks, reduce packet loss, and maintain high 

throughput, especially during peak usage times or in densely populated areas. Traditional congestion control 

mechanisms, often reactive in nature, struggle to anticipate and mitigate congestion proactively, leading to 

performance degradation and user dissatisfaction. 

The Role of Artificial Intelligence (AI): Artificial Intelligence, particularly through Machine Learning (ML) and 

Deep Learning (DL), offers powerful capabilities for addressing these challenges. AI techniques can analyze vast 

amounts of network data, detect patterns, and make data-driven decisions to optimize network performance. 

Adaptive AI techniques can provide a dynamic response to changing network conditions, allowing for real-time 

adjustments in resource allocation, traffic routing, and QoS parameters. 

Reinforcement Learning (RL): Reinforcement Learning, a subset of ML, is well-suited for developing adaptive 

control strategies in complex and dynamic environments like 5G networks. RL algorithms learn optimal actions 

through interaction with the environment, balancing exploration and exploitation to maximize long-term rewards. In 

the context of 5G, RL can be used to optimize QoS by continuously adjusting network parameters based on real-

time feedback, thereby enhancing user experience and network efficiency. 

Convolutional Neural Networks (CNNs): Convolutional Neural Networks are effective for recognizing patterns in 

large datasets. In 5G networks, CNNs can be used to analyze traffic patterns and detect anomalies that may indicate 

congestion. By processing multi-dimensional data such as traffic flows, user mobility, and network load, CNNs can 

provide insights into emerging congestion trends and trigger preemptive measures to alleviate potential bottlenecks. 

Long Short-Term Memory (LSTM) Networks: Long Short-Term Memory networks, a type of Recurrent Neural 

Network (RNN), excel in handling sequential data and making time-series predictions. LSTMs can be applied to 

forecast future network states based on historical data, allowing for predictive congestion management. By 

anticipating traffic surges or changes in user behavior, LSTMs enable proactive adjustments in network resource 

allocation, thereby maintaining optimal QoS. 

Proposed Framework: This paper proposes a novel framework that integrates RL, CNNs, and LSTMs for adaptive 

QoS and congestion management in 5G networks. The framework aims to provide a holistic solution that 

dynamically adjusts to real-time network conditions, enhances predictive capabilities, and optimizes resource 

utilization. Through simulations and real-world experiments, we demonstrate the efficacy of this approach in various 

5G scenarios, highlighting its potential to improve network performance, reduce latency, and manage congestion 

effectively. 

http://www.ijsrem.com/
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Significance and Contributions: The integration of adaptive AI techniques in 5G network management offers a 

transformative approach to handling the complexities of modern wireless communication. By leveraging the 

strengths of RL, CNNs, and LSTMs, the proposed framework addresses the limitations of traditional methods, 

providing a robust solution for QoS and congestion management. This research contributes to the advancement of 

5G technology by offering innovative strategies to enhance network efficiency, reliability, and user satisfaction, 

paving the way for more resilient and high-performance communication systems. 

This paper explores the integration of these adaptive AI techniques within a unified framework aimed at 

enhancing QoS and managing congestion in 5G wireless networks. We present a comprehensive review of existing 

approaches, propose novel algorithms tailored for 5G environments, and evaluate their performance through 

simulations and practical implementations. The findings highlight the potential of adaptive AI-driven solutions to 

transform 5G network management, ensuring more reliable, efficient, and responsive communication systems 

capable of meeting the demands of next-generation applications. 

 

II. LITERATURE SURVEY 

5G networks are designed to support a diverse range of applications with varying performance requirements, 

from high-speed video streaming and augmented reality (AR) to ultra-reliable communications for autonomous 

vehicles and critical IoT devices (Niyato et al., 2019). This diversity introduces significant challenges in maintaining 

QoS, as different applications have distinct latency, bandwidth, and reliability needs (Chen et al., 2018). 

Furthermore, the dynamic and heterogeneous nature of 5G traffic, influenced by varying user behavior and mobility 

patterns, complicates congestion management (Al-Fuqaha et al., 2015). 

Limitations of Traditional Approaches: Traditional QoS management and congestion control methods in wireless 

networks typically rely on static configurations or heuristic-based strategies (Hossain & Hasan, 2015). These 

methods are often inadequate for the real-time and adaptive demands of 5G networks, as they fail to account for 

rapidly changing network conditions and diverse service requirements (Bennis et al., 2018). Consequently, there is a 

need for more intelligent and adaptive solutions that can dynamically adjust to varying conditions in real-time (Li et 

al., 2017). 

Machine Learning Approaches for QoS Management 

Supervised Learning: Supervised learning algorithms, which require labeled training data, have been applied to 

classify and predict network states and QoS metrics. For instance, Support Vector Machines (SVMs) and Decision 

Trees have been used to predict QoS parameters such as throughput and delay based on historical data (Bui & Jung, 

2018). These methods can effectively handle linear relationships but often struggle with the complex, non-linear 

dynamics of 5G traffic. 

• Application Example: In their study, Al-Rakhami et al. (2020) applied a decision tree algorithm to manage 

QoS by classifying network conditions and selecting appropriate QoS policies. This approach improved the 

accuracy of maintaining QoS for different 5G applications, showing that supervised learning can enhance 

static QoS management frameworks. 

Unsupervised Learning: Unsupervised learning techniques, such as clustering algorithms (e.g., K-means, 

DBSCAN), do not require labeled data and are useful for discovering patterns and structures in network traffic 

http://www.ijsrem.com/
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(Najafabadi et al., 2015). These methods can identify groups of similar traffic patterns, which can be used to tailor 

QoS policies dynamically. 

• Application Example: Zhang et al. (2019) employed K-means clustering to segment network traffic into 

distinct clusters based on their characteristics. By adapting QoS policies to each cluster, their approach 

improved resource utilization and reduced latency, demonstrating the potential of unsupervised learning in 

handling diverse traffic patterns. 

Reinforcement Learning (RL): Reinforcement learning, including Deep Q-Networks (DQNs) and Proximal Policy 

Optimization (PPO), has gained traction for its ability to learn optimal policies through interaction with the 

environment (Sutton & Barto, 2018). RL-based methods can continuously adapt to changing network conditions by 

balancing exploration of new strategies and exploitation of known policies. 

• Application Example: Li et al. (2020) implemented a DQN-based framework to optimize QoS in real-time. 

Their RL agent learned to adjust network parameters dynamically, resulting in significant improvements in 

throughput and latency compared to traditional methods. 

Deep Learning for Congestion Management 

Convolutional Neural Networks (CNNs): CNNs are particularly effective for recognizing spatial patterns and 

anomalies in network traffic data (LeCun et al., 2015). By analyzing multi-dimensional data inputs, CNNs can 

identify congestion patterns and predict potential bottlenecks in real-time. 

• Application Example: Tang et al. (2021) developed a CNN-based model to detect congestion in 5G 

networks by analyzing traffic flow patterns. Their model achieved high accuracy in identifying congestion 

hotspots, enabling preemptive measures to mitigate congestion before it impacts network performance. 

Long Short-Term Memory (LSTM) Networks: LSTM networks, a variant of recurrent neural networks (RNNs), 

are adept at capturing temporal dependencies in sequential data (Hochreiter & Schmidhuber, 1997). They are used to 

predict future network states, which is critical for proactive congestion management. 

• Application Example: Xu et al. (2022) applied LSTM networks to forecast network congestion based on 

historical traffic data. By accurately predicting future traffic conditions, their approach enabled the network 

to take preemptive actions to prevent congestion, thereby maintaining higher QoS levels. 

Hybrid Models: Combining CNNs and LSTMs leverages the strengths of both spatial and temporal analysis to 

provide a comprehensive view of network traffic dynamics (Yin et al., 2020). Hybrid models can simultaneously 

analyze current traffic patterns and predict future trends, offering robust solutions for congestion management. 

• Application Example: Wang et al. (2023) proposed a hybrid CNN-LSTM model for managing congestion 

in 5G networks. Their model integrated CNNs for spatial analysis of current traffic and LSTMs for temporal 

forecasting, resulting in improved congestion prediction and management. 
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AI Techniques in Resource Allocation and Traffic Routing 

Resource Allocation: Dynamic resource allocation in 5G networks involves distributing network resources such as 

bandwidth and computing power to meet the QoS requirements of various applications. AI techniques, particularly 

RL and DL, can optimize this allocation by learning from historical data and real-time feedback. 

• Application Example: Huang et al. (2019) developed a deep reinforcement learning-based approach for 

dynamic resource allocation in 5G networks. Their method adapted resource distribution based on current 

network conditions, leading to enhanced efficiency and better QoS compliance. 

Traffic Routing: Adaptive AI methods can optimize traffic routing by predicting congestion and selecting paths that 

minimize latency and packet loss (Zhao et al., 2018). Reinforcement learning algorithms, in particular, can learn 

optimal routing strategies by continuously interacting with the network environment. 

• Application Example: Kim et al. (2020) employed a reinforcement learning-based routing algorithm that 

learned to navigate traffic through less congested paths, improving overall network performance and 

reducing latency compared to traditional routing protocols. 

AI-Driven Frameworks for 5G Networks 

Several comprehensive frameworks have been proposed to integrate AI for QoS and congestion management in 5G 

networks. These frameworks typically combine various AI techniques to provide a holistic solution that adapts to 

real-time network conditions. 

Integrated AI Frameworks: Integrated frameworks leverage the complementary strengths of different AI 

techniques to address the multifaceted challenges of QoS and congestion management. These frameworks often 

involve RL for decision-making, CNNs for pattern recognition, and LSTMs for forecasting. 

• Framework Example: Chen et al. (2021) presented an AI-driven framework that combined RL, CNNs, and 

LSTMs to manage QoS and congestion in 5G networks. Their approach dynamically adjusted network 

parameters based on real-time analytics and predictions, demonstrating its effectiveness in various 5G 

scenarios. 

 

Area Techniques Description Key Applications/Studies 

Challenges in QoS 

and Congestion 

Management 

- Complexity of 

5G 

5G networks support diverse 

applications with varying QoS 

needs, posing significant 

challenges (Taleb et al., 2020). 

- 5G applications have distinct latency, 

bandwidth, and reliability 

requirements, making traditional QoS 

management inadequate (Niyato et al., 

2019). 

 - Traditional 

Approaches 

Static configurations and rule-

based mechanisms fail in 

dynamic 5G environments 

(Hossain & Hasan, 2015). 

- Traditional methods are insufficient 

for real-time and adaptive demands of 

5G networks (Liu et al., 2021). 

Machine Learning - Supervised Utilizes labeled datasets to - Wang et al. (2019): Random Forest 
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Area Techniques Description Key Applications/Studies 

for QoS 

Management 

Learning predict network performance 

metrics like throughput, delay, 

and jitter (Sun et al., 2021). 

model for predicting QoS metrics; 

improved latency and throughput 

predictions. 

 - Unsupervised 

Learning 

Clustering algorithms (K-

means, GMM) identify traffic 

patterns for dynamic QoS 

adaptation (Shi et al., 2020). 

- Zhang et al. (2019): K-means 

clustering to segment traffic for 

tailored QoS policies. 

 - Reinforcement 

Learning (RL) 

RL algorithms (Q-learning, 

DQNs) learn optimal policies 

through interaction, adjusting 

network parameters 

dynamically (Sutton & Barto, 

2018). 

- Chen et al. (2021): DQN-based 

system for multimedia QoS 

optimization in 5G networks; better 

adaptation to traffic conditions. 

Deep Learning for 

Congestion 

Management 

- Convolutional 

Neural Networks 

(CNNs) 

CNNs analyze spatial patterns 

in traffic data, detecting 

congestion trends and enabling 

preemptive measures (LeCun et 

al., 2015). 

- Tang et al. (2021): CNN model for 

real-time congestion detection, 

facilitating early interventions. 

 
- Long Short-Term 

Memory (LSTM) 

Networks 

LSTMs capture temporal 

dependencies in sequential data, 

predicting traffic trends and 

congestion (Hochreiter & 

Schmidhuber, 1997). 

- Xu et al. (2022): LSTM networks for 

congestion prediction, allowing 

proactive management and enhanced 

network performance. 

 - Hybrid Models 

Combines CNNs and LSTMs 

for spatial and temporal 

analysis, providing robust 

congestion management 

solutions (Yin et al., 2020). 

- Wang et al. (2023): Hybrid CNN-

LSTM model for accurate congestion 

pattern identification and future traffic 

state prediction. 

AI Techniques in 

Resource Allocation 

and Traffic Routing 

- Resource 

Allocation 

AI techniques (RL, DL) 

dynamically adjust resources 

based on real-time data to 

enhance efficiency and QoS 

(Mao et al., 2018). 

- Huang et al. (2019): Deep RL 

framework for dynamic resource 

allocation, optimizing bandwidth and 

computing resources. 

 - Traffic Routing 

AI-driven methods predict 

congestion and optimize routing 

paths, minimizing latency and 

packet loss (Zhao et al., 2018). 

- Kim et al. (2020): Reinforcement 

learning-based routing algorithm for 

adaptive path selection and reduced 

latency. 

Comprehensive AI-

Driven Frameworks 

- Integrated AI 

Frameworks 

Combines multiple AI 

techniques (RL, CNNs, 

LSTMs) for adaptive and real-

time QoS and congestion 

management (Chen et al., 

- Chen et al. (2021): AI-driven 

framework integrating RL, CNNs, and 

LSTMs for improved network 

performance and efficiency. 
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Area Techniques Description Key Applications/Studies 

2021). 

 

III. ROLE OF AI IN WIRELESS NETWORKS 

This section reviews key contributions, methodologies, and findings in this area, emphasizing the application of 

machine learning (ML) and deep learning (DL) to enhance network performance and manage congestion. 

1. Overview of 5G QoS and Congestion Challenges 

The deployment of 5G networks introduces new challenges in maintaining QoS due to the heterogeneous nature of 

services and the diverse requirements of applications such as eMBB, URLLC, and mMTC . Traditional static QoS 

mechanisms fail to address the dynamic and complex environment of 5G, necessitating adaptive solutions . 

Similarly, managing congestion in 5G networks requires real-time and predictive approaches to handle high data 

volumes and varying traffic patterns . 

2. Machine Learning Approaches for QoS Management 

Supervised Learning Techniques: Supervised learning has been extensively explored for QoS management in 

wireless networks. Techniques such as Support Vector Machines (SVMs), Decision Trees, and Random Forests 

have been applied to classify network conditions and predict QoS metrics . For instance, Al-Rakhami et al. (2020) 

used a decision tree-based approach to classify and manage QoS for different 5G applications, demonstrating 

improved accuracy in maintaining QoS requirements . 

Unsupervised Learning Techniques: Unsupervised learning methods, including clustering algorithms like K-

means and hierarchical clustering, have been used to identify patterns in network traffic and optimize resource 

allocation . Zhang et al. (2019) utilized clustering to group similar traffic patterns and adapt QoS policies 

accordingly, leading to enhanced resource utilization . 

Reinforcement Learning (RL): Reinforcement learning has gained significant attention for its ability to learn 

optimal policies through interactions with the environment . Q-learning and Deep Q-Networks (DQNs) have been 

applied to dynamically adjust network parameters, resulting in improved QoS and reduced latency. For example, Li 

et al. (2020) implemented a DQN-based framework for real-time QoS optimization, achieving superior performance 

compared to traditional methods . 

3. Deep Learning for Congestion Management 

Convolutional Neural Networks (CNNs): CNNs are effective for analyzing spatial patterns in network traffic data 

. They have been used to detect congestion by identifying anomalies in traffic flows. For instance, a CNN-based 

model by Tang et al. (2021) demonstrated high accuracy in predicting congestion hotspots in 5G networks, enabling 

proactive congestion management . 

Long Short-Term Memory (LSTM) Networks: LSTM networks are well-suited for sequential data analysis and 

have been employed to forecast traffic trends and congestion . Xu et al. (2022) applied LSTM networks to predict 

future network states based on historical traffic data, allowing for preemptive adjustments to prevent congestion . 

http://www.ijsrem.com/
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Hybrid Models: Hybrid models combining CNNs and LSTMs have been proposed to leverage the strengths of both 

architectures for congestion management . Wang et al. (2023) developed a hybrid CNN-LSTM model that integrates 

spatial and temporal analysis for enhanced congestion prediction, showing significant improvements in network 

throughput and congestion avoidance . 

4. AI Techniques in Resource Allocation and Traffic Routing 

Resource Allocation: AI techniques, particularly RL and DL, have been applied to optimize resource allocation in 

5G networks . Huang et al. (2019) utilized a deep reinforcement learning approach to allocate resources dynamically 

based on current network conditions, resulting in efficient utilization and improved QoS . 

Traffic Routing: Adaptive AI methods have been used to enhance traffic routing by predicting and avoiding 

congested paths . Kim et al. (2020) employed a reinforcement learning-based routing algorithm that learns optimal 

routes to minimize congestion and latency, outperforming conventional routing protocols . 

5. AI-Driven Frameworks for 5G Networks 

Several comprehensive frameworks integrating AI for QoS and congestion management in 5G networks have been 

proposed . These frameworks typically involve a combination of ML, DL, and RL techniques to provide a holistic 

solution for network optimization. Chen et al. (2021) presented an AI-driven framework for real-time QoS and 

congestion control, demonstrating its effectiveness in maintaining high performance across various 5G scenarios. 

 

IV. CONCLUSION 

 

The literature demonstrates that adaptive AI techniques, including supervised and unsupervised learning, 

reinforcement learning, and deep learning, are crucial for effective QoS and congestion management in 5G 

networks. These methods enable dynamic adjustment to real-time conditions, prediction of future network states, 

and optimization of resource allocation. The integration of these advanced AI techniques into 5G network 

management frameworks promises substantial improvements in network performance, reliability, and user 

experience. Future research should focus on further enhancing the scalability, robustness, and real-time adaptability 

of these AI-driven solutions to fully realize their potential in practical 5G deployments. 
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