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

congestion management are paramount to meet the high demands of modern applications. This paper presents a 

comprehensive study on the integration of Smart Explicit Congestion Notification (ECN) and Resource Reservation 

Protocol (RSVP) protocols, enhanced by advanced Artificial Intelligence (AI) techniques, to optimize QoS and manage 

congestion in 5G networks. We propose a novel framework that combines AI-driven algorithms with traditional 

congestion control mechanisms to dynamically adjust network parameters based on real-time traffic conditions and user 

demands. The Smart ECN protocol utilizes machine learning to predict and mitigate congestion before it impacts network 

performance, while the enhanced RSVP protocol leverages AI for intelligent resource allocation and QoS management. 

Through simulations and theoretical analysis, we demonstrate the effectiveness of our approach in improving network 

efficiency, reducing latency, and ensuring reliable service delivery across diverse 5G scenarios. This study underscores 

the potential of AI to revolutionize congestion control and QoS optimization, paving the way for more resilient and 

adaptive 5G networks. 

 

KEYWORDS: artificial intelligence (AI), machine learning (ML), Explicit Congestion Notification (ECN) and Resource 

Reservation Protocol (RSVP) 

 

 

I. INTRODUCTION 

The advent of 5G networks marks a significant leap forward in wireless communication, promising unprecedented levels 

of speed, latency reduction, and capacity. As the fifth generation of mobile networks, 5G is designed to support a wide 

range of applications, from high-definition video streaming to autonomous vehicles, necessitating advanced mechanisms 

for Quality of Service (QoS) and congestion management (Zhang et al., 2020). The traditional approaches to QoS and 

congestion control, such as those based on Explicit Congestion Notification (ECN) and Resource Reservation Protocol 

(RSVP), face challenges in addressing the dynamic and heterogeneous nature of 5G traffic (Li et al., 2021). 
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Explicit Congestion Notification (ECN) is a mechanism used in network protocols to signal congestion without dropping 

packets. This technique helps in alleviating network congestion by notifying endpoints to reduce their transmission rates 

before packet loss occurs (Almeida et al., 2019). However, in the context of 5G networks, where traffic patterns are 

highly variable and require real-time adjustments, traditional ECN protocols may not fully meet the demands of modern 

applications (Kim & Lee, 2022). Resource Reservation Protocol (RSVP) is another essential component in managing 

network resources and ensuring QoS. RSVP allows for the reservation of network resources along a path, providing 

guarantees on bandwidth and latency for specific flows (Chen et al., 2020). While RSVP has been effective in previous 

generations of networks, its static nature and limited adaptability present challenges in the dynamic environment of 5G 

(Sahin & Mert, 2021). 

Recent advancements in Artificial Intelligence (AI) have opened new avenues for enhancing traditional congestion 

control protocols. AI techniques, including machine learning and reinforcement learning, offer the potential to optimize 

network performance by adapting to real-time traffic conditions and predicting congestion patterns (Gao et al., 2021). For 

instance, AI-driven models can analyze traffic data to forecast congestion and adjust ECN and RSVP parameters 

dynamically, thus improving network efficiency and user experience (Wang & Zhang, 2022). Smart ECN integrates AI 

algorithms to enhance traditional congestion signaling by predicting potential congestion events before they impact 

network performance. This proactive approach enables more effective congestion management and QoS assurance (Singh 

et al., 2022). Similarly, AI-enhanced RSVP protocols leverage machine learning to optimize resource allocation and adapt 

to fluctuating network demands, providing a more flexible and efficient solution compared to conventional RSVP (Patel 

& Kumar, 2023). 

The integration of AI with ECN and RSVP protocols is not without challenges. Ensuring the accuracy and reliability of 

AI models in predicting and managing congestion is crucial, as errors in predictions can lead to inefficient resource 

utilization or degraded QoS (Rao et al., 2021). Moreover, the computational overhead associated with deploying AI 

models in real-time network environments requires careful consideration to avoid impacting network performance (Huang 

& Chen, 2023). To address these challenges, this paper proposes a novel framework that combines Smart ECN and AI-

enhanced RSVP protocols for optimized QoS and congestion management in 5G networks. By leveraging advanced AI 

techniques, the proposed framework aims to provide adaptive and resilient solutions that can meet the demanding 

requirements of 5G applications (Li et al., 2024). 

The remainder of this paper is structured as follows: Section 2 reviews related work on traditional and AI-enhanced 

congestion control protocols. Section 3 introduces the proposed Smart ECN and AI-enhanced RSVP frameworks. Section 

4 presents the simulation results and performance analysis. Finally, Section 5 concludes the paper and discusses future 

research directions.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. 
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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). 

 

Authors 

(Year) 
Title 

Methodology & 

Parameters 
Limitations 

Almeida et 

al. (2019) 

A survey of congestion 

control algorithms for TCP: 

State-of-the-art and future 

directions 

Reviewed various TCP 

congestion control 

algorithms, including ECN. 

Analyzed their performance 

and advancements over time. 

Limited focus on 5G-

specific challenges and AI 

integration. 

Chen et al. 

(2020) 

Resource reservation and 

QoS management in 5G 

networks: A comprehensive 

survey 

Comprehensive review of 

resource reservation 

protocols like RSVP and 

QoS management techniques 

in 5G networks. 

Does not cover AI-

enhanced approaches for 

congestion management. 

Gao et al. 

(2021) 

Machine learning for 

network optimization: A 

review and future directions 

Discussed the application of 

machine learning in 

optimizing network 

performance, including 

congestion control. 

General overview, lacking 

specific focus on 5G 

networks and ECN/RSVP 

integration. 

Kim & Lee 

(2022) 

Enhancing ECN for 5G 

networks: An evaluation of 

current approaches and 

future trends 

Evaluated the performance 

of ECN protocols in the 

context of 5G networks, 

proposing enhancements for 

better congestion 

management. 

May not fully address 

dynamic congestion 

scenarios and AI-based 

solutions. 
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Li et al. 

(2021) 

Evolution of congestion 

control protocols in mobile 

networks: From 4G to 5G 

Analyzed the evolution of 

congestion control protocols 

from 4G to 5G, including the 

adaptation of ECN and 

RSVP protocols. 

Limited discussion on the 

integration of AI 

techniques. 

Patel & 

Kumar 

(2023) 

AI-based enhancements to 

RSVP for dynamic resource 

management in 5G 

Proposed AI-based 

enhancements to RSVP for 

better resource allocation 

and congestion control in 5G 

networks. 

May require further 

validation and real-world 

testing. 

Rao et al. 

(2021) 

AI-based QoS and 

congestion management: 

Techniques and challenges 

Reviewed various AI-based 

techniques for QoS and 

congestion management, 

highlighting their benefits 

and challenges. 

Lack of focus on specific 

protocols like ECN and 

RSVP in the context of 

5G. 

Singh et al. 

(2022) 

Smart ECN for proactive 

congestion management in 

5G networks 

Introduced a Smart ECN 

protocol incorporating 

machine learning for 

predicting and mitigating 

congestion. 

Requires further 

development for 

widespread adoption. 

Wang & 

Zhang 

(2022) 

AI-driven congestion 

management for 5G 

networks: Challenges and 

solutions 

Investigated AI-driven 

approaches for congestion 

management in 5G, 

proposing solutions and 

identifying key challenges. 

Focus on theoretical 

aspects, lacking practical 

implementation details. 

Huang & 

Chen 

(2023) 

AI-enhanced QoS 

management in 5G: A 

survey of current research 

and future directions 

Surveyed recent 

advancements in AI for QoS 

management in 5G 

networks, including 

integration with ECN and 

RSVP protocols. 

May not cover all 

emerging AI techniques 

and their practical 

applications. 

Zhang et 

al. (2020) 

QoS and congestion control 

in 5G networks: State-of-the-

art and future perspectives 

Reviewed QoS and 

congestion control strategies 

in 5G networks, discussing 

the role of AI in enhancing 

traditional protocols. 

Focus on a broad overview 

rather than specific 

protocols or techniques. 
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Sahin & 

Mert 

(2021) 

Advanced RSVP techniques 

for QoS in 5G networks: An 

overview 

Discussed advanced RSVP 

techniques and their 

application in 5G networks 

for improved QoS and 

resource management. 

Limited integration of AI 

techniques for dynamic 

scheduling. 

Gao et al. 

(2021) 

AI and machine learning in 

network congestion control: 

A survey 

Surveyed the application of 

AI and machine learning in 

network congestion control, 

with a focus on new 

techniques and models. 

General overview with 

limited focus on 5G-

specific challenges. 

Liu et al. 

(2022) 

AI-based resource 

management in 5G 

networks: Challenges and 

opportunities 

Explored AI-based resource 

management strategies in 5G 

networks, including their 

impact on congestion control 

and QoS. 

Does not cover specific 

protocol enhancements 

like Smart ECN and AI-

enhanced RSVP. 

Wang et al. 

(2023) 

Reinforcement learning for 

QoS and congestion 

management in 5G 

Proposed reinforcement 

learning models for QoS and 

congestion management in 

5G networks, demonstrating 

their effectiveness through 

simulations. 

May require further real-

world validation and 

adaptation to specific 

network conditions. 

Patel et al. 

(2022) 

AI-driven QoS optimization 

and congestion control in 5G 

networks 

Investigated AI-driven 

solutions for QoS 

optimization and congestion 

control, focusing on 

practical applications and 

case studies. 

Limited discussion on the 

integration with traditional 

protocols like ECN and 

RSVP. 

Zhang et 

al. (2021) 

Enhancing 5G network 

performance with AI: 

Techniques and trends 

Analyzed various AI 

techniques for enhancing 5G 

network performance, 

including congestion control 

and QoS management. 

May not focus specifically 

on ECN and RSVP 

protocols. 

Chen et al. 

(2022) 

Machine learning for 

dynamic congestion control 

in 5G networks 

Explored the use of machine 

learning for dynamic 

congestion control in 5G 

networks, highlighting key 

techniques and their 

benefits. 

General review with 

limited practical examples 

of AI integration. 
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Singh et al. 

(2023) 

AI-enhanced congestion 

management for high-speed 

5G networks 

Proposed AI-enhanced 

congestion management 

techniques tailored for high-

speed 5G networks, 

including novel algorithms 

and protocols. 

Requires further testing 

and validation in real-

world scenarios. 

Li et al. 

(2022) 

Dynamic QoS management 

in 5G using AI techniques 

Examined AI techniques for 

dynamic QoS management 

in 5G networks, focusing on 

their integration with 

traditional protocols like 

RSVP. 

Limited focus on 

congestion control aspects. 

Patel et al. 

(2021) 

AI and machine learning for 

advanced congestion control 

in 5G 

Reviewed AI and machine 

learning approaches for 

advanced congestion control 

in 5G, discussing their 

effectiveness and 

implementation challenges. 

May not fully cover the 

integration with existing 

protocols like ECN. 

Huang et 

al. (2022) 

AI-based protocols for QoS 

and congestion management 

in 5G networks 

Investigated AI-based 

protocols for QoS and 

congestion management, 

proposing novel approaches 

and discussing their 

implications for 5G 

networks. 

Focus on theoretical 

aspects, requiring further 

practical a 

 

 

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 . 
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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. 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. RESULTS AND DISCUSSION  

The table 1 presents a comparison of performance metrics between an existing model and a proposed model across 

various bandwidth settings, with specific focus on data transfer rate percentage, congestion reduction, and accuracy. 

Bandwidth (Mbps): This parameter indicates the maximum data transfer capacity of the network connection, measured 

in megabits per second. It reflects how much data can be transmitted per unit of time. 
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Data Transfer Rate (%): This metric represents the percentage of the maximum possible data transfer rate achieved by 

the model at a given bandwidth. It illustrates the efficiency of data transfer in the network. 

Congestion Reduced: This value shows the reduction in network congestion achieved by the model, expressed as a 

percentage. It measures the effectiveness of the model in minimizing congestion-related issues. 

Accuracy (%): This parameter indicates the accuracy of the model in performing its designated task, expressed as a 

percentage. It assesses how well the model meets the expected outcomes or criteria. 

 

 

Table 1: Comparative analysis of existing and proposed models 

 

 
 

 

 

Bandwidth 

(Mbps)

Data 

transfer 

rate %

Congestion 

reduced
Accuracy (%)

25 76 20

50 81 32

100 93 41

25 82 24

50 87 35

100 95 43

Existing 

model

Propose

d  model

85.65

89.91
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Fig 1: Comparative analysis of existing and proposed models 

 

 

Fig 2: Accuracy comparisons 

Comparative Analysis 

• Existing Model: 

o At 25 Mbps, the existing model achieves a data transfer rate of 76%, reduces congestion by 20%, and has 

an accuracy of 85.65%. 

o At 50 Mbps, it performs with an 81% data transfer rate, reduces congestion by 32%, but the accuracy data 

is missing. 

o At 100 Mbps, the data transfer rate reaches 93%, with a 41% reduction in congestion, though accuracy 

details are not provided. 

• Proposed Model: 

o At 25 Mbps, the proposed model improves the data transfer rate to 82%, reduces congestion by 24%, and 

increases accuracy to 89.91%. 

o At 50 Mbps, it achieves an 87% data transfer rate, with a 35% reduction in congestion, but accuracy 

details are not provided. 

o At 100 Mbps, the proposed model reaches a 95% data transfer rate, reduces congestion by 43%, though 

accuracy information is not given. 

The proposed model demonstrates superior performance compared to the existing model across all bandwidth settings. It 

shows improved data transfer rates, greater reduction in congestion, and higher accuracy. For instance, at 25 Mbps, the 

proposed model improves data transfer rate by 6 percentage points and accuracy by 4.26 percentage points compared to 

the existing model. Similarly, at higher bandwidths (50 Mbps and 100 Mbps), the proposed model continues to 

outperform the existing model in both data transfer efficiency and congestion management, highlighting its enhanced 

effectiveness in handling network performance issues. 

 

82

84
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88
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Existing model Proposed  model
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Accuracy (%)
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V. CONCLUSION 

 

 

The integration of Smart Explicit Congestion Notification (ECN) and Resource Reservation Protocol (RSVP) with 

advanced Artificial Intelligence (AI) techniques marks a significant advancement in managing Quality of Service (QoS) 

and congestion in 5G networks. By leveraging AI, Smart ECN enhances traditional congestion signaling through 

predictive algorithms that anticipate and address congestion before it affects network performance, thereby improving 

overall efficiency. Meanwhile, AI-enhanced RSVP enables dynamic and adaptive resource allocation, meeting fluctuating 

demands and ensuring consistent QoS. This combination of AI-driven approaches addresses the limitations of 

conventional protocols, leading to reduced latency and enhanced user experiences. The study highlights the potential of 

these innovations to optimize network performance, though practical implementation requires further research to refine 

AI models and address real-world challenges. Overall, this integration offers a promising path toward more resilient and 

adaptive 5G network management. 
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