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Abstract 

The prospects of new-age wireless networks, such as 5G and 6G technologies, include unrivalled speed, connectivity, and integration of 

multifarious devices. However, their sophisticated architecture— which encompasses network slicing, edge computing, massive IoT, and 

software-defined networking—creates even greater challenges in network security. These vulnerabilities could be exploited to launch 

advanced attacks such as Distributed Denial of Service (DDoS) attacks, eavesdropping, spoofing, or data manipulation. This study aims 

to explore the evolving threat landscape for next-generation wireless networks while reviewing both existing and emerging strategic 

solutions. Some of the counter-surveillance technologies incorporated include AI-based Intrusion Detection Systems, Trust Frameworks 

on Blockchain, strong cryptography, and credential-less authentication. Addressing the challenge of dynamic threat capabilities paired 

with innovative defences allows this research to propose concepts for the next resilient and secure wireless communication systems. 
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1. Introduction 

Revolutionary global integration is being driven by increasing harmonization from next-generation wireless networks such as 5G and 6G, 

which enable autonomous systems, smart cities, and remote healthcare through ultra-high data rates and reliable services with low 

latency and high device capacity. However, the use and complexity of these networks increase their security concerns. The multi-

dimensional aspect, together with the billions of interconnected, resource-limited devices, makes these technologies vulnerable to 

eavesdropping, spoofing, and denial-of-service attacks [10]. Sustaining trust while safeguarding vital systems and ensuring uninterrupted 

operation greatly relies on data and privacy security [11]. This study aims to investigate AI-enabled threat detection, quantum 

cryptography, and blockchain-authenticated identity management to address the security concerns for the next-stage wireless networks. 

The focus will be to evaluate the efficacy and flexibility of these approaches relative to the exigent operational demands posed by 5G and 

6G networks [12]. 

Key Contribution: 

1. To develop AI-enabled systems of threat detection in relation to APTs (advanced persistent threats) and quantum computing threats 

concerning authentication and security in the next generation of wireless networks (5G and 6G). 

2. This work combines machine learning with quantum-safe encryption and blockchain to create an innovative security architecture 

which is assessed using 5G implementation scenarios. 

 

The research is divided as follows: Section I elaborates on the threats of the Internet of Things (IoT), edge computing, and quantum 

computing in the scope of 5G and 6G networks, paying attention to the features these systems demand. In Section II, the focus shifts to 

the existing literature about the security strategies and the impact of artificial intelligence, machine learning, blockchain, and quantum 

encryption as they relate to the security of the network. Section III describes the proposed security architecture regarding the components 

which include proactive threat forecasting, automated response systems, and countermeasures for data in transit. In Section IV, case 

study results from testing the effectiveness of the proposed security model are evaluated based on attack recognition speed and network 

downtimes. Section V contains final remarks, the main conclusions and takes for the policy about 5G and 6G networks, and schemes for 

further study on dynamic and tiered security models. 
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2. Literature Review 

The development of technology always brings along parts that threaten its security. For instance, the growth of 5G and the future 6G 

wireless networks which include ultra-reliable low-latency communications and enhanced mobile broadband, as well as massive 

machine-type communications, need rethinking of current frameworks, all of which add numerous security concerns [13].  

The weaknesses in 5G architecture have received attention from numerous scholars [15]. For example, Zhang et al. (2019) [1] raised 

issues on network slicing and virtualization claiming that they pose isolation breach and multi-tenant security violation problems [8]. 

Moreover, Li et al. (2020) [9] analyzed IoT criticizing conventional cryptographic techniques and arguing for the provision of agile, 

lightweight, and scalable security mechanisms instead [2].   

Threats can be defended against and monitored through AI, thus giving way for comprehensive security measures to be fulfilled. These 

weaknesses with 5G systems were highly recommended by Fouda et al. (2021) [3], who proposed AI intrusion detection systems that 

offer sophisticated and real-time computing services for fast changing system environments as well as adaptive surveillance for unknown 

threats strengthening security mechanisms. Supporting this claim, Khan et al. (2020) [7] urged the use of Blockchain technology for 5G 

systems with the purpose of safeguarding self-managed authentication and data integrity thus decreasing reliance on chief security 

administrators and averting centralization while improving transparency [4]. 

Sharma and Chen (2021) [5] explored the world of quantum cryptography as a new frontier. It still has applicability boundaries owing to 

practical implementation and hardware challenges, but they showcased its potential in safeguarding crucial information during 

transmission using methods of encryption that can almost never be cracked [6].  

Collectively, this research illustrates that the forthcoming wireless networks possess a plethora of benefits, however, their security 

concerns are multifaceted and need a more innovative and tailored approach developed specifically for the infrastructure of the network 

and its intended applications [14]. 

3. Methods 

“AI-Driven Adaptive Security Framework for Next Generation Wireless Network” proposes a combination of machine learning (ML) 

and artificial intelligence (AI) technologies to achieve real-time adaptive security defenses for advanced wireless networks like 5G and 

6G. In this framework, active real-time protection is implemented through intelligent discovery of anomalies, unauthorized access, and a 

variety of malicious activities involving network traffic flow patterns using AI algorithms. It adapts its protective measures with the 

evolving dynamic of threats, risk evaluation, and network context to optimize interruption-free protection and robust security 

simultaneously. Alongside distributed threat detection and response, context-sensitive security tokens which capture defense rules based 

on users, networks, applications, and other heuristics are issued. Automated incident response can take actions like blocking predefined 

malicious IP addresses or mitigating by rerouting network traffic without depending on humans to initiate interventions. It also includes 

QKD strengthened in the secure key exchange framework which enhances trust, encryption, and data integrity within the information 

system, especially, from the threat of quantum computers. Benefits noted include autonomous operations and anticipation of incoming 

threats, mitigating latency due to distributed framework architecture. 

 

 

Fig 1. Layered Architecture of Software-Defined Networking (SDN) 
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The layered architecture of Software Defined Networking (SDN) which is particularly common to SDN is illustrated in Figure 1. It has 

as main layers the Application, Controller, and Data/Infrastructure. At the very top, the Application layer includes mobility management, 

traffic engineering, security load balancing, and intrusion detection systems (IDS). These applications have Northbound API interfaces 

and communicate with the network through RESTful, FML, or Pyretic. The middle Controller layer is tasked with managing the SDN 

infrastructure. It contains a number of controllers, for example Controller 1, Controller 2, Controller N, etc. Each controller manages a 

portion of network resources and communicates with the Eastbound and Westbound APIs via ALTO and Hyper flow. Further down are 

the Data/Infrastructure units with the computational network units, control peripherals routers, switches, and wireless access points. 

These devices are controlled by the controllers across the Southbound API using OpenFlow, ForCES, and SNMP. This method improves 

resource management and control over the network, reduces operational complexity, and improves automation. 

4. Results and Discussion 

While contemplating the security issues and countermeasures related to modern wireless networks, a few performance and security 

metrics evaluations were conducted. Different blocks of security, which include intrusion detection and anomaly detection systems, were 

assessed in terms of their detection rates and false positive rates. The strength of encryption protocols was evaluated based on key length 

and computational efficiency. The delay introduced by authentication processes during secure access was also measured, exhibiting a 

separate form of latency. Regarding security, data throughput and latency were recorded before and after implementation to analyze the 

degree of interference with data transmission. Packet loss, along with energy consumption, became highly relevant in the context of 

resource-constrained IoT-based devices. Other considered measurements included the Mean Time to Detect (MTTD) and Mean Time to 

Respond (MTTR), which assisted in evaluating the defended network's ability to withstand and recover from a cyber-attack. The 

system’s overall availability did not drop below 99%, evidencing the deployment of security resources in effective countermeasures.  

Table 1. Various System metrics 

Metric Unit Typical Range 

Detection Rate % 90–99% 

False Positives % 1–10% 

Encryption Bits 128–256 

Auth Latency ms 10–200 

Throughput Mbps 100–500 

Latency ms +10–50 

Packet Loss % <1% 

Energy Use mW 100–500 

MTTD Hrs 1–6 

MTTR Hrs 2–8 

Availability % 99–99.9% 

 

Table 1 outlines different system metrics alongside their standard thresholds for detecting performance and reliability. Detection rate 

percentages, false positive rates, encryption bit levels, and authentication latency are included. Additional key network performance 

indicators include throughput, latency, packet loss, and energy consumption. 

The Detection Rate is important as it assesses how well security systems identify actual threats and nefarious activities. High detection 

rate security systems will capture and respond to an attack before breaches and vulnerabilities can be exploited. In environments with 

new emerging threats, optimizing detection rate permit more accurate threat identification and response, as well as enhanced overall 

security posture. This safeguards the system by ensuring that potential risks are detected and mitigated as early as possible, hence, 

maintaining system integrity and safety. 

 

 ………………………………………………………………...(1) 

 

 

Fig 2. Performance before and after security implementation 
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Figure 2 illustrates how performance on the system differs before and after security measures have been put in place. While throughput 

suffered a minor decrease, latency increased. At the same time, detection rate improvement was substantial, while false positives greatly 

diminished. Additionally, availability improved slightly, which indicated overall security enhancement alongside minimal performance 

trade-offs. 

Table 2. Effectiveness of Countermeasures Against Key Security Threats 

Security Challenge Effectiveness (%) 

Attack Surface (Unauthorized Access) 38% 

Data Interception (MitM) 75% 

DoS Recovery Time 90% 

Insider Threat Detection Speed 45% 

Metadata Leakage Reduction 50% 

 

Table 2 provides an elaborate breakdown of countermeasure implementations against certain modern security challenges in 

communication infrastructures. The outlined issues cut across unauthorized access, data interception through man-in-the-middle (MitM) 

attacks, denial of service (DoS) attacks, insider threats, and leakage of metadata. Each of the threat rows contains a particular threat type 

along with designated countermeasure effectiveness in percentage.   Evidence provided suggests that the recovery mechanisms against 

DoS attacks have the greatest effectiveness (90%). This value highlights carefully strict mitigation measures traffic filtering, automated 

traffic rerouting, and failover systems. Significantly addressed data interception (75%) also utilizes encryption, notably TLS, along with 

secure tunnelling. Leveraging behavioral analysis and access controls also aids in the moderate improving metadata leakage detection 

(50%) as well as insider threat detection (45%). Protection against unauthorized access still lags at a mere 38% effectiveness, 

demonstrating the persistent challenge in identity validation and access control gate governance.  The metrics described here are results 

of practical impact studies of such theories as simulation of active step attacks and experimental quarantine tests. 

 

Fig 3. Effectiveness of Countermeasures Against Key Security Threats 

In addressing security challenges such as unauthorized access, data interception (MitM attacks), DDoS attacks on network slices, insider 

threats, and metadata leakage, Figure 3 illustrates the effectiveness of various countermeasures and their percentage effectiveness. The 

data reveals that DoS/DDoS mitigation strategies are the most effective at 90% effectiveness, while access control and privacy measures, 

including differential privacy, show considerably lower effectiveness. This chart conveys a clear trend in the effectiveness of security 

strategies while highlighting opportunities for further improvements and research. 

5. Conclusion 

The implementation of the Global Communications Systems aims to advance mobile communication through 5G technologies, which 

enable ultra-reliable and low-latency access in various domains. Therefore, amid all these rapid developments in technology, employing 

new technologies complicates problems associated with a multi-layer system, such as primary eavesdropping, physical attacks, and 

DDoS and insider attacks, as well as abuse of position. These primary vulnerabilities necessitate sophisticated, flexible, automated, and 

adaptable systems for reliable and resilient network functions and operations. Implementing these capabilities poses challenges due to the 

strict enforcement of guarantee policies, enhanced security features, integration with legacy systems, standardization, and customization 

to suit decentralized architecture. Furthermore, meeting the scalability requirements of these legacy embedded systems, which are highly 

guarded, proves vital and demands urgent attention. Addressing these setbacks requires a tailored solution specifically designed for soft 

validation, pseudonymous credentials, a self-governing decentralized reputation system, privacy-preserving Verified Credential 

examination, a lightweight cryptographic micro blockchain, an AI Empathic intrusion detection system, and decentralized autonomous 

blockchain-based trust servers to mitigate attacks, particularly concerning global systems. In closing, protecting sensitive information and 

infrastructure while maintaining user confidence in future communication systems will demand an advanced multi-layer proactive 

adaptive security framework for mobile wireless networks. 
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