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Abstract 

The rapid evolution of next-generation networks (NGNs), characterized by advancements such as 5G, 6G, edge 
computing, and the Internet of Things (IoT), has introduced unprecedented opportunities for connectivity and 
innovation. However, this progress has also expanded the attack surface, leading to new and complex security 
challenges. This paper provides a comprehensive review of state-of-the-art security schemes tailored for NGNs, 
emphasizing the interplay of confidentiality, integrity, availability, and privacy. Key areas explored include 
authentication mechanisms, end-to-end encryption, intrusion detection systems, and distributed ledger technologies. 
Furthermore, the role of artificial intelligence and machine learning in predicting and mitigating threats is analyzed. 
The paper also investigates emerging paradigms such as zero-trust architectures, quantum-resistant cryptographic 
algorithms, and secure network slicing. Through a critical assessment of existing frameworks and their limitations, this 
work proposes a unified approach that integrates adaptive security policies, decentralized trust models, and real-time 
threat intelligence. By addressing both technical and operational perspectives, this study aims to guide the development 
of resilient and secure NGNs, ensuring a sustainable digital future. 
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1. Introduction

Next-Generation Networks (NGNs), driven by technological advancements such as 5G, 6G, edge computing, and the 
Internet of Things (IoT), are reshaping the global communications landscape [1], [2]. As shown in Figure 1, these 
networks promise unparalleled connectivity, ultra-low latency, massive device density, and enhanced data rates, laying 
the foundation for transformative applications across industries [3], [4]. From autonomous vehicles and smart cities to 
remote healthcare and industrial automation, NGNs are poised to support a wide range of critical use cases. However, 
as these networks evolve, so do the security challenges they face. 

The complexity and heterogeneity of NGNs introduce a vastly expanded attack surface. Unlike traditional networks, 
NGNs rely on highly distributed architectures, dynamic spectrum sharing, and virtualization technologies, such as 
Network Function Virtualization (NFV) and Software-Defined Networking (SDN). While these innovations enable 
flexibility and scalability, they also introduce new vulnerabilities that adversaries can exploit [5]. For instance, the 
integration of billions of IoT devices, many with limited computational and security capabilities [6], presents a 
significant challenge in ensuring secure communication and data integrity. 
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Figure 1 Next generation network 

Furthermore, the convergence of physical and digital domains in NGNs amplifies the risks associated with cyber-
physical systems [7], [8]. Attackers can exploit vulnerabilities to disrupt critical infrastructure, compromise sensitive 
data, or even endanger human lives. These risks necessitate a paradigm shift in how security is approached. Traditional, 
perimeter-based security measures are insufficient in an environment where devices, users, and applications interact 
dynamically across diverse trust domains [9]-[11]. This paper focuses on addressing the pressing need for robust and 
adaptive security schemes for NGNs. Current security solutions must evolve to address the unique characteristics of 
NGNs, including: 

• Distributed architecture: NGNs rely on edge computing and fog networks to process data closer to the source, 
reducing latency but increasing the complexity of securing multiple decentralized nodes. 

• Dynamic and multi-tenant environments: Virtualization and network slicing enable resource sharing across 
multiple users and applications. Ensuring isolation and preventing data leakage in such environments is a 
critical challenge. 

• Emerging threats: Sophisticated attacks such as Advanced Persistent Threats (APTs), Distributed Denial-of-
Service (DDoS) attacks, and quantum computing-driven cryptographic breaches require proactive and 
innovative countermeasures. 

• Regulatory and privacy concerns: As NGNs become the backbone of sensitive and critical services, compliance 
with global data protection regulations and safeguarding user privacy are paramount. 

To address these challenges, this paper provides a comprehensive analysis of existing security frameworks and 
emerging technologies tailored to NGNs. It explores the role of artificial intelligence (AI) and machine learning (ML) in 
threat detection and response, the potential of blockchain and distributed ledger technologies for decentralized trust, 
and the development of quantum-resistant cryptographic algorithms to future-proof NGNs. 

By evaluating the strengths and limitations of current security schemes, this study aims to propose a holistic and 
adaptive approach to securing NGNs. The findings and recommendations presented in this paper will serve as a valuable 
resource for researchers, practitioners, and policymakers, guiding the development of resilient security architectures 
that can meet the demands of next-generation networks. 

2. Architecture of next-generation networks 

The architecture of NGNs represents a significant departure from traditional network designs, emphasizing flexibility, 
scalability, and user-centric service delivery [12]. NGNs integrate advanced technologies such as virtualization, 
distributed computing, and intelligent resource management to meet the demands of modern applications. Their 
architecture is characterized by a convergence of diverse technologies, enabling seamless integration across fixed, 
wireless, and mobile networks. NGNs employ a layered architecture comprising access, core, and service layers, each 
optimized to deliver high-speed connectivity, ultra-low latency [13], and massive device support. The access layer 
facilitates connectivity for end-users and IoT devices through advanced wireless technologies like 5G/6G, fiber optics, 
and Wi-Fi 6/7 [14]-[17]. At the core layer, NGNs utilize Software-Defined Networking (SDN) and Network Function 
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Virtualization (NFV) to centralize control and virtualize network functions [18], ensuring efficient resource allocation 
and rapid service provisioning [19]. The service layer hosts applications and services, leveraging edge computing and 
cloud platforms to deliver personalized, low-latency experiences. 

A defining feature of NGN architecture is its reliance on network programmability, virtualization, and distributed 
computing [20]-[22]. SDN enables centralized management of the network control plane, while NFV decouples network 
functions from hardware, allowing rapid deployment of services across diverse environments [23], [24]. Additionally, 
network slicing enables the creation of multiple virtualized networks on a shared physical infrastructure, each tailored 
to specific use cases, such as autonomous vehicles or smart healthcare. Figure 2 shows the various functional units of 
the NGNs. 

 

Figure 2 Overview of next generation network 

Distributed edge computing nodes extend computational power [25] closer to end-users, reducing latency and 
bandwidth usage while enhancing data processing capabilities. Together, these components create a highly adaptable 
and efficient architecture, capable of supporting future innovations and the exponential growth of connected devices 
[26], [27]. This architecture not only underpins the evolution of communication systems but also sets the stage for smart 
cities, industrial automation, and other advanced applications. Table 1 provides an overview of the key components and 
architectural principles that define NGNs. 

Table 1 NGNs key concepts 

Concept Discussion 

Multi-tier 
architecture 

NGNs employ a layered and hierarchical architecture to ensure efficient resource utilization 
and service delivery [28]-[30]. The key tiers include: 

Core Network Layer: 

Acts as the backbone of the network, providing high-speed, high-capacity data transport. 

Utilizes technologies like Network Function Virtualization (NFV) and Software-Defined 
Networking (SDN) for flexibility and programmability. 

Supports advanced routing, traffic management, and interconnectivity with legacy and 
external networks. 

Edge Network Layer: 

Hosts edge computing nodes to process and store data closer to end-users, reducing latency. 
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Enables localized services such as content caching, real-time analytics, and low-latency 
applications (e.g., augmented reality and autonomous vehicles). 

Incorporates Multi-Access Edge Computing (MEC) to support diverse access technologies. 

Access Network Layer: 

Provides the interface between end-users/devices and the network. 

Utilizes a mix of wireless (e.g., 5G/6G, Wi-Fi) and wired (e.g., optical fiber) technologies to 
ensure seamless connectivity. 

Supports dynamic spectrum allocation and adaptive transmission protocols for high 
performance [31]. 

Virtualized and 
programmable 
infrastructure 

Network Function Virtualization (NFV): 

Replaces dedicated hardware appliances with software-based network functions (e.g., 
firewalls, load balancers) hosted on generic hardware [32], [33]. 

Enables rapid deployment and scaling of network services. 

Software-Defined Networking (SDN): 

Decouples the control plane (decision-making) from the data plane (traffic forwarding) for 
centralized network management [34], [35]. 

Facilitates dynamic configuration, traffic optimization [36], and integration with third-party 
applications. 

Network slicing Allows the creation of multiple virtual networks (slices) over a shared physical infrastructure 
[37], [38]. 

Each slice is tailored to specific use cases with distinct requirements (e.g., ultra-low latency 
for autonomous vehicles, high bandwidth for video streaming). 

Enables multi-tenancy and supports various service-level agreements (SLAs). 

Convergence of 
heterogeneous 
technologies 

NGNs integrate a wide range of access and core technologies, ensuring seamless 
interoperability across networks [39], [40]. Key technologies include: 

Wireless Technologies: 5G/6G, Wi-Fi 6/7, and satellite communications. 

IoT Integration: Supports billions of devices through low-power, wide-area networks (e.g., 
NB-IoT, LoRaWAN). 

Fixed Networks: High-speed optical fiber for backhaul and fronthaul connectivity. 

Intelligence and 
automation 

Artificial Intelligence (AI) and Machine Learning (ML) 

Enable intelligent resource allocation, traffic prediction, anomaly detection [42], and self-
healing capabilities. 

Autonomous Networks 

Employ closed-loop automation for real-time monitoring and decision-making (e.g., self-
optimizing networks). 

Security and privacy 
mechanisms 

Zero-Trust Architecture 

Ensures that every device, user, and application is continuously authenticated and authorized 
before granting access [43]-[46]. 

End-to-End Encryption 

Protects data integrity and confidentiality across the entire communication pathway [47]. 

Quantum-safe cryptography 

Prepares for the advent of quantum computing by adopting cryptographic algorithms 
resistant to quantum attacks [48]. 

Service-Oriented 
Architecture (SOA) 

Focuses on delivering user-centric services rather than infrastructure-centric management 
[49]. 

Employs APIs and microservices to enable modular, scalable, and reusable service 
components. 
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Supports diverse applications, including enhanced mobile broadband (eMBB), ultra-reliable 
low-latency communication (URLLC), and massive machine-type communication (mMTC) 
[50]. 

Sustainability and 
energy efficiency 

Integrates green technologies such as renewable energy-powered base stations and energy-
efficient protocols [51], [52]. 

Optimizes resource utilization through intelligent traffic management and adaptive load 
balancing. 

The architecture of NGNs is built on the principles of flexibility, scalability, and intelligence to meet the diverse and 
dynamic requirements of modern applications [53]. By leveraging advancements in virtualization, distributed 
computing, AI, and secure communication, NGNs provide a robust foundation for the digital transformation of industries 
and society [54]-[56]. This architectural framework ensures seamless connectivity, high performance, and resilience, 
enabling a wide range of use cases for the future digital ecosystem. 

3. Security issues in next generation networks 

The NGNs bring transformative capabilities, including ultra-low latency, high bandwidth, and massive connectivity. 
However, the same features that make NGNs revolutionary also introduce significant security challenges. As these 
networks become integral to critical infrastructures and everyday life, addressing security concerns is paramount to 
ensure their reliability, privacy, and resilience [57]. Table 2 explores the key security issues in NGNs, focusing on their 
sources, and implications. 

Table 2 Key security issues in NGNs 

Security issue Details 

Increased attack surface Massive device connectivity 

NGNs, particularly through IoT, support billions of interconnected devices, many 
with minimal or no built-in security features [58]-[60]. 

Compromised IoT devices can serve as entry points for attacks like Distributed 
Denial-of-Service (DDoS) or data breaches [61], [62]. 

Heterogeneous network environment 

The integration of various access technologies (5G/6G, Wi-Fi, satellite, etc.) 
creates a complex ecosystem with diverse vulnerabilities [63]. 

Securing all interfaces and ensuring seamless handovers between technologies 
remain significant challenges. 

Vulnerabilities in virtualized 
and programmable 
infrastructure 

Network Function Virtualization (NFV) 

NFV decouples network functions from dedicated hardware, making them 
vulnerable to software-based attacks, such as malware and rootkits []64], [65]. 

Multi-tenancy in virtualized environments raises risks of side-channel attacks and 
resource exploitation. 

Software-Defined Networking (SDN) 

The centralization of the control plane in SDN creates a single point of failure [66]. 
An attacker compromising the SDN controller can gain control over the entire 
network. 

Network Slicing 

While network slicing allows multiple virtual networks to coexist, a breach in one 
slice could potentially affect others, particularly if isolation mechanisms are 
inadequate [67]. 

Sophistication of cyber threats Advanced Persistent Threats (APTs) 

NGNs’ critical role in industries and national infrastructure makes them prime 
targets for state-sponsored and highly sophisticated attacks [68], [69]. 
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APTs are stealthy, persistent, and capable of exfiltrating sensitive information 
over long periods. 

DDoS attacks 

The higher bandwidth and interconnected nature of NGNs amplify the potential 
impact of DDoS attacks [70], which can disrupt critical services such as healthcare 
and emergency communication. 

Zero-day exploits 

The rapid deployment of new technologies in NGNs may introduce unknown 
vulnerabilities, creating opportunities for zero-day exploits [71]. 

Privacy Concerns Data collection and surveillance 

NGNs process vast amounts of sensitive user data, including location, health, and 
financial information [72]. 

Unauthorized access to this data can lead to breaches of privacy and regulatory 
violations [73]. 

Data sharing across domains 

NGNs enable cross-domain services, where data flows between multiple 
providers. Ensuring data protection across these domains is complex and requires 
robust policies [74]. 

AI-driven inference attacks 

Malicious actors can use AI and machine learning to analyze network traffic and 
infer sensitive information about users or organizations [75]. 

Emerging threats from quantum 
computing 

Cryptographic vulnerabilities 

Quantum computing poses a threat to traditional encryption algorithms, such as 
RSA and ECC, used in NGNs [76], [77]. 

Without quantum-resistant cryptography, NGNs risk exposure to future 
decryption of encrypted data. 

Edge computing and distributed 
architecture 

Edge node vulnerabilities 

Edge computing nodes process and store data closer to users but are often less 
secure than centralized data centers [78]. 

Attacks on edge nodes can disrupt services or compromise sensitive data [79]. 

Inter-edge communication risks 

As edge nodes communicate with each other and the core network, securing these 
interactions against tampering and eavesdropping is critical [80]. 

Insider threats Compromised trusted entities 

Insider threats, whether intentional or accidental, remain a significant concern in 
NGNs [81], especially in multi-tenant environments where administrators 
manage shared infrastructure. 

Access control failures 

Inadequate or poorly implemented access control policies can lead to 
unauthorized data access and privilege escalation [82]. 

Trust management Lack of a unified trust framework 

The diverse components of NGNs require interoperable trust mechanisms [83] to 
ensure secure interactions between devices, users, and networks. 

Current trust frameworks are often fragmented, leading to potential 
vulnerabilities. 

Fake base stations and spoofing 

Attackers can set up fake base stations to intercept communications [84], disrupt 
services, or distribute malware. 

Threats to critical infrastructure Cyber-Physical Systems (CPS) 
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NGNs underpin critical infrastructures like smart grids, transportation, and 
healthcare systems [85]. Attacks on these systems can have catastrophic 
consequences. 

Ensuring the security of both physical and digital components is a complex 
challenge. 

Service disruption 

The reliance on NGNs for essential services makes them attractive targets for 
attackers [86] seeking to cause widespread disruption. 

NGNs’ advanced capabilities come with complex security challenges, requiring a holistic and adaptive approach. By 
addressing vulnerabilities in architecture, protecting user privacy, and preparing for future threats like quantum 
computing, NGNs can be secured against evolving risks. 

4. Current security solutions for next generation networks 

The NGNs encompass advanced technologies such as 5G, 6G, edge computing, and the Internet of Things (IoT). As shown 
in Figure 3, 5G provides the foundation with ultra-high-speed data rates, low latency, and massive device connectivity, 
making it ideal for real-time applications like autonomous vehicles and smart healthcare [87]-[89]. Building on this, 6G 
envisions even faster data transmission, AI-driven network optimization, and advanced use cases such as holographic 
communication and brain-computer interfaces [90]. Edge computing complements these networks by processing data 
closer to the source, reducing latency, conserving bandwidth, and supporting time-sensitive applications. Meanwhile, 
the IoT connects billions of devices, from sensors and wearables to industrial machines, facilitating smart environments 
and pervasive connectivity [91], [92]. Together, these technologies form a cohesive ecosystem in NGNs, delivering 
unprecedented capabilities to meet the demands of future digital transformation. 

 

Figure 3 Technologies in NGNs 

Securing these networks requires innovative solutions tailored to address their unique characteristics and 
vulnerabilities. Table 3 provides an extensive discussion of the current security solutions being implemented or 
developed to safeguard NGNs, emphasizing their capabilities, applications, and limitations. 

Table 3 Current security solutions 

Solution Example Explanation 

Authentication 
mechanisms 

Authentication is fundamental to securing NGNs by ensuring that only authorized 
entities can access network resources [93]. 

 Multi-Factor 
Authentication (MFA) 

 

Combines multiple forms of verification (e.g., passwords, 
biometrics, and device authentication) to enhance security 
[94], [95]. 
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Addresses vulnerabilities of single-factor authentication by 
requiring multiple proofs of identity. 

Used in access control for NGN devices, especially in IoT and 
edge environments. 

 Mutual authentication 

 

Ensures that both parties in communication verify each 
other’s identities [96], [97]. 

Particularly useful in securing connections between edge 
nodes and core networks. 

 Public Key 
Infrastructure (PKI) 

Employs digital certificates to authenticate devices and users 
[98], [99]. 

Widely used in NGNs for secure communication, especially in 
IoT ecosystems. 

Encryption technologies Encryption ensures data confidentiality and integrity during transmission and storage 
in NGNs [100]. 

 End-to-End Encryption 
(E2EE) 

Protects data from being accessed by unauthorized parties 
throughout its journey [101]. 

Ensures secure communication for services like voice over IP 
(VoIP), messaging, and video streaming. 

 Quantum-Resistant 
Cryptography 

 

Emerging solutions such as lattice-based, hash-based, and 
multivariate cryptography address threats posed by quantum 
computing [102], [103]. 

Designed to replace traditional encryption algorithms (e.g., 
RSA, ECC) vulnerable to quantum attacks. 

 Lightweight 
Cryptography 

 

Tailored for resource-constrained devices [104] in IoT 
environments. 

Algorithms like SPECK, SIMON, and ChaCha20 provide strong 
encryption with low computational overhead [105], [106].  

Secure network slicing Network slicing allows the creation of multiple virtual networks, each with tailored 
security measures [107]. 

 Slice isolation 

 

Enforces strict separation between network slices to prevent 
lateral movement of attacks [108]. 

Achieved through virtualization technologies such as 
hypervisors and container-based solutions. 

 Slice-specific security 
policies 

 

Each slice is provisioned with unique security configurations 
[109] based on its use case (e.g., high priority for healthcare, 
low latency for autonomous vehicles). 

Intrusion Detection and 
Prevention Systems (IDPS) 

IDPS monitor NGN traffic for malicious activities [110] and take action to mitigate 
threats. 

 AI-powered IDPS 

 

Leverage machine learning algorithms to identify patterns of 
known and unknown attacks [111]. 

Effective in detecting anomalies and advanced persistent 
threats (APTs) in real time. 

 Distributed IDPS 

 

Deployed at edge nodes and core networks to provide multi-
layered monitoring and defense [112]. 

Ensures low-latency threat detection close to data sources. 

Artificial Intelligence (AI) 
and Machine Learning 
(ML) 

AI and ML are central to NGN security due to their ability to analyze massive data 
volumes and adapt to evolving threats [113]. 
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 Threat prediction 

 

ML models trained on historical data predict potential attack 
vectors and vulnerabilities [114]. 

Proactively identifies weak points in network configurations 
and traffic flows. 

 Dynamic resource 
allocation 

AI-driven mechanisms allocate network resources [115] 
based on security needs, such as enhancing bandwidth for 
critical services under attack. 

Blockchain and Distributed 
Ledger Technology (DLT) 

Blockchain ensures secure and tamper-proof transaction records, enhancing trust in 
NGNs [116]. 

 Decentralized identity 
management 

Blockchain enables secure authentication and identity 
verification without centralized authorities [117]. 

Suitable for multi-party environments like IoT ecosystems. 

 Secure data sharing Facilitates transparent and verifiable data exchanges among 
stakeholders while maintaining data integrity [118]. 

Secure edge computing  Edge computing processes data closer to the source, reducing 
latency but introducing new security risks [119]. 

 Trusted Execution 
Environments (TEEs) 

Hardware-based isolation for secure data processing at edge 
nodes. 

Protects sensitive computations [120] and keys from 
unauthorized access. 

 Edge-specific firewalls Distributed security models where edge nodes collaborate to 
detect and mitigate threats [121]. 

 Decentralized security 
mechanisms 

Distributed security models where edge nodes collaborate to 
detect and mitigate threats [122]. 

Zero-trust security model Zero-trust architecture assumes no implicit trust within the network and verifies every 
access request [123]. 

 Micro-segmentation Divides the network into smaller zones, each with its own 
access policies [124]. 

Limits the movement of attackers within the network. 

 Continuous 
monitoring and 
validation 

Real-time validation of user and device [125] behaviors 
ensures ongoing compliance with security policies. 

Advanced DDoS mitigation 
techniques 

NGNs are vulnerable to Distributed Denial-of-Service (DDoS) attacks due to their high 
bandwidth and interconnected nature [126]. 

 AI-based traffic 
analysis 

AI tools differentiate between legitimate traffic and DDoS 
attacks based on behavioral patterns [127]. 

Enables dynamic rerouting and traffic shaping to mitigate 
attacks. 

 Cloud-based DDoS 
protection 

Offloads traffic to cloud-based solutions [128] for scrubbing 
before forwarding legitimate traffic to the NGN. 

Privacy-preserving 
technologies 

With increasing data privacy concerns, solutions focus on protecting user data without 
compromising functionality [129], [130]. 

 Differential privacy 

 

Adds noise to data analytics outputs to prevent reverse 
engineering of sensitive information [131]. 

Used in NGNs for statistical analysis without compromising 
user privacy. 
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 Homomorphic 
encryption 

Allows computations on encrypted data without decrypting it 
[132]. 

Ensures data confidentiality during processing in NGNs. 

 Data minimization 
techniques 

Restrict data collection to the bare minimum required for 
functionality, reducing exposure risks [133], [134]. 

Resilient infrastructure NGNs employ redundancy and self-healing mechanisms to ensure availability even 
under attack [135], [136]. 

 Redundant 
architectures 

Multiple backup systems and alternate communication paths 
enhance network resilience [137]. 

 Self-healing networks AI-driven networks detect faults and automatically reroute 
traffic or deploy patches [138]. 

As shown in Figure 4, current security solutions for NGNs leverage cutting-edge technologies such as AI, blockchain, and 
zero-trust models to address unique vulnerabilities. AI enhances NGNs by enabling real-time threat detection, 
predictive maintenance, and intelligent resource management [139], [140]. Machine learning algorithms analyze vast 
amounts of network data to identify anomalies and mitigate threats like Distributed Denial-of-Service (DDoS) attacks, 
while deep learning models [141] optimize traffic routing and load balancing. AI also facilitates the automation of 
network operations, allowing NGNs to adapt dynamically to changing conditions and demands. For instance, AI-driven 
intrusion detection systems not only recognize known attack patterns [142] but also anticipate emerging threats, 
making NGNs resilient against sophisticated cyberattacks. 

 

Figure 4 Solutions to NGNs security issues 

Blockchain introduces a decentralized and tamper-proof framework for securing NGNs. Its distributed ledger 
technology ensures data integrity and enhances trust among stakeholders, making it particularly valuable in multi-
tenant environments like IoT ecosystems [143]-[146]. Blockchain can securely manage identities, enforce access 
controls, and facilitate transparent data sharing across devices and networks. For example, smart contracts can 
automate and enforce security policies in network slicing, ensuring compliance without human intervention. 
Complementing these technologies, the zero-trust security model addresses the fundamental vulnerabilities of 
traditional perimeter-based defenses [147], [148]. By assuming no implicit trust within the network, zero-trust enforces 
strict identity verification and continuous monitoring of all entities, regardless of their location. Micro-segmentation 
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and dynamic access controls prevent lateral movement of attackers [149], safeguarding NGNs against insider threats 
and breaches. Together, AI, blockchain, and zero-trust models establish a robust and adaptive security foundation for 
NGNs, ensuring reliability and trustworthiness in increasingly complex and interconnected environments. While these 
solutions provide robust defenses against a wide range of threats, continuous innovation and adaptation are required 
to meet the evolving challenges of NGNs. 

5. Research gaps and future research direction is next generation networks security 

While significant progress has been made in securing NGNs, several research gaps persist due to the complexity and 
evolving nature of these networks. Addressing these gaps is critical for enhancing security, ensuring resilience, and 
enabling the full potential of NGNs. Table 4 and Table 5 present some key research gaps and proposed future research 
directions in NGN security, respectively. 

Table 4 Research gaps 

Gap Description 

Lack of comprehensive security 
frameworks 

Existing security solutions often focus on specific aspects of NGNs (e.g., IoT, SDN) 
but fail to address security holistically across the entire ecosystem [150]. 

The absence of a unified, end-to-end security framework [151] that integrates 
access, edge, core, and application layers is a significant gap. 

Insufficient real-time threat 
detection 

 

While AI and ML-based systems have shown promise in detecting threats [152], 
their effectiveness in real-time, dynamic NGN environments is limited by: 

Scalability challenges with large datasets. 

The inability to quickly adapt to new, sophisticated attack vectors. 

Current intrusion detection systems struggle to provide actionable insights during 
zero-day attacks [153]-[156]. 

Inadequate quantum-resistant 
cryptographic solutions 

Although research in quantum-resistant cryptography is progressing [157], 
practical implementations of these algorithms in NGNs remain scarce. 

Existing cryptographic methods may not meet the performance requirements of 
NGNs, particularly in latency-sensitive applications [158] like autonomous 
vehicles. 

Privacy challenges in cross-
domain data sharing 

NGNs require seamless data sharing across domains (e.g., healthcare, 
transportation), but ensuring privacy during such exchanges is complex [159]. 

Current privacy-preserving techniques, such as differential privacy and 
homomorphic encryption, are computationally intensive and may not scale 
efficiently [160], [161]. 

Vulnerabilities in edge 
computing 

Edge computing nodes are more susceptible to physical and cyber threats due to 
their distributed and resource-constrained nature [162]-[166]. 

Research on lightweight yet robust security solutions for edge devices is still in its 
infancy. 

Network slicing security Network slicing introduces vulnerabilities related to slice isolation, tenant data 
leakage, and misconfigured policies [167], [168]. 

Comprehensive solutions for securing multi-tenant environments and enforcing 
slice-specific policies are lacking. 

Lack of trust models for 
heterogeneous environments 

NGNs integrate diverse technologies and devices, making it challenging to 
establish and maintain trust across the ecosystem [169], [170]. 

Existing trust models do not fully address issues like dynamic device behavior and 
multi-vendor environments. 

DDoS attack mitigation 
challenges 

The scale and sophistication of Distributed Denial-of-Service (DDoS) attacks 
targeting NGNs surpass the capabilities of many existing defence mechanisms 
[171], [172]. 
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There is a need for scalable and proactive solutions that can effectively mitigate 
such attacks without disrupting legitimate traffic. 

Inadequate security metrics 
and benchmarks 

The absence of standardized security metrics and benchmarks makes it difficult to 
evaluate and compare the effectiveness of different security solutions in NGNs 
[173], [174]. 

This gap hinders the development of universally accepted best practices. 

The future of Next-Generation Networks depends on robust, scalable, and adaptive security mechanisms. For instance, 
Artificial Intelligence (AI) and Machine Learning (ML) are transformative technologies in the evolution of Next-
Generation Networks (NGNs), playing a crucial role in optimizing performance, enhancing security, and enabling 
automation. AI and ML empower NGNs to process massive volumes of data generated by devices, users, and 
applications, enabling real-time decision-making and dynamic network management [175], [176]. For example, ML 
algorithms can predict traffic patterns and dynamically allocate resources to ensure consistent Quality of Service (QoS) 
for latency-sensitive applications like autonomous vehicles and telemedicine. Additionally, AI-driven automation in 
Software-Defined Networking (SDN) and Network Function Virtualization (NFV) enables NGNs to adapt to changing 
demands without human intervention, reducing operational costs and improving efficiency [177], [178]. 

In the realm of security, AI and ML enhance NGNs by proactively detecting and mitigating threats. As shown in Figure 
5, advanced ML models can identify anomalies in network traffic, recognize patterns of known attacks, and even detect 
zero-day vulnerabilities through behavioral analysis [179]-[182]. These technologies also play a pivotal role in threat 
prediction and prevention, using historical data to forecast potential attack vectors and vulnerabilities.  

 

Figure 5 AI and ML for enhanced NGNs security 

Moreover, AI-powered systems support edge computing by enabling distributed intelligence, where edge nodes process 
data locally and make autonomous decisions, reducing latency and enhancing responsiveness [183], [184]. The 
integration of AI and ML into NGNs creates intelligent, resilient, and adaptive networks capable of meeting the growing 
demands of future applications while maintaining robust security and reliability [185]. Securing edge computing in 
NGNs is critical due to its decentralized nature and proximity to end-users, which increase its vulnerability to cyber 
threats [186]. Edge devices shown in Figure 6 often operate in resource-constrained environments and are 
geographically dispersed, making them prime targets for attacks like Distributed Denial-of-Service (DDoS), data 
breaches, and physical tampering [187]-[190]. To address these challenges, robust security measures such as Trusted 
Execution Environments (TEEs) are employed to provide hardware-based protection for sensitive data and 
computations.  
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Figure 6 Edge computing in NGNs 

Lightweight encryption protocols and authentication mechanisms tailored for edge devices ensure secure 
communication between the edge and core network [191], [192]. Additionally, decentralized security models, such as 
blockchain, enhance trust by enabling tamper-proof data integrity and transparent access control [193], [194]. AI and 
machine learning further fortify edge computing by enabling real-time threat detection and autonomous mitigation at 
the edge nodes [195]. These combined strategies ensure that edge computing remains a secure and reliable enabler of 
NGN services, from IoT applications to real-time analytics. Figure 7 shows network slicing in next generation networks. 

 

Figure 7 Network slicing in NGNs 

Enhancing network slicing security in NGNs is crucial for safeguarding the tailored virtual networks that cater to diverse 
use cases, such as healthcare, autonomous vehicles, and smart cities [195], [196]. Network slices, being logically 
isolated, face challenges like tenant data leakage [197], misconfiguration, and cross-slice attacks. To mitigate these risks, 
advanced slice isolation mechanisms are implemented to prevent lateral movement of threats between slices [198]. 
Dynamic policy enforcement ensures that security configurations for each slice are consistently maintained and adapted 
to its specific requirements. Additionally, blockchain technology can enhance transparency and trust by managing slice-
specific identities and access controls in a decentralized manner [199]-[201]. AI and machine learning also play a vital 
role, enabling real-time monitoring of slices to detect anomalies [202] and automatically mitigate threats. By integrating 
these technologies, NGNs can maintain robust security across all network slices, ensuring the reliability and privacy of 
critical applications. 

Trust management is a cornerstone of security in NGNs, given their complex and heterogeneous environments that 
integrate diverse devices, users, and technologies [203]-[205]. Figure 8 presents a typical zero trust model. With the 
proliferation of IoT devices, cloud services, and edge computing nodes, traditional trust models relying on static 
credentials or centralized authorities are no longer adequate [206].  
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Figure 8 Zero trust model 

NGNs require dynamic and distributed trust management systems capable of evaluating trustworthiness in real-time. 
This involves assessing the behavior of devices, users, and network components based on multiple parameters, such as 
past interactions, compliance with policies, and environmental context. By leveraging AI and machine learning [207], 
NGNs can establish behavior-based trust scoring systems that continuously adapt to the dynamic conditions of the 
network, enabling rapid identification of malicious entities. 

As shown in Figure 9, blockchain technology is emerging as a powerful tool for decentralized trust management in NGNs 
[208]. Its distributed ledger ensures tamper-proof recording of transactions, making it ideal for managing trust across 
diverse and untrusted entities [209]-[211]. For instance, blockchain can be used to securely validate device identities 
in IoT networks, ensuring only authorized devices participate in communications [212]. Additionally, smart contracts 
can automate trust-related functions, such as access control and policy enforcement, without relying on centralized 
systems.  

 

Figure 9 Blockhain-based trust management 

Combining blockchain with zero-trust security principles further strengthens NGNs by ensuring that no entity, 
regardless of its location or role, is inherently trusted [213], [214]. Together, these technologies enable NGNs to achieve 
robust and scalable trust management, fostering secure and reliable interactions in increasingly interconnected 
ecosystems. As illustrated in Figure 10, Distributed Denial-of-Service (DDoS) attacks are serious security challenges in 
NGNs. Mitigating DDoS attacks in NGNs is critical due to the increasing scale and sophistication of such threats [215], 
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[216]. NGNs leverage technologies like AI and machine learning [217] to detect and respond to anomalous traffic 
patterns in real time, enabling proactive mitigation before attacks overwhelm the network. 

 

Figure 10 Distributed Denial-of-Service in NGNs 

These systems analyze traffic behavior to distinguish between legitimate and malicious flows, even in large-scale attacks 
[218], [219]. Network Function Virtualization (NFV) and Software-Defined Networking (SDN) enhance DDoS defense 
by dynamically reallocating resources, rerouting traffic, and deploying virtualized security functions where needed 
[220], [221].  

Table 5 Future research scopes 

Scope Explanation 

Development of holistic security 
architectures 

Design end-to-end security frameworks [222] that integrate access, edge, core, 
and application layers. 

Incorporate adaptive mechanisms to respond to emerging threats dynamically 
[223]. 

Advancing AI and ML for 
proactive security 

Develop AI and ML models capable of: 

Detecting and mitigating zero-day threats [224] in real time. 

Handling large-scale, heterogeneous NGN traffic without significant 
computational overhead. 

Focus on explainable AI (XAI) to provide transparency [225] and trust in 
automated decision-making processes. 

Quantum-resistant and post-
quantum cryptography 

Conduct large-scale testing and deployment of quantum-resistant cryptographic 
algorithms in NGN environments [226]. 

Explore hybrid cryptographic solutions [227] that combine classical and 
quantum-resistant algorithms during the transition to quantum-secure 
networks. 

Privacy-preserving data sharing Develop efficient privacy-preserving techniques tailored for NGN applications, 
such as federated learning for decentralized data analysis [228], [229]. 

Explore novel methods, such as secure multi-party computation (SMPC) [230], 
for cross-domain collaborations. 

Securing edge computing Investigate lightweight security protocols optimized for edge nodes with limited 
resources [231], [232]. 

Focus on self-healing mechanisms for edge nodes [233] to recover quickly from 
cyberattacks or failures. 

Enhancing network slicing 
security 

Design advanced isolation techniques to prevent lateral movement between 
slices [234], [235]. 

Develop automated policy enforcement mechanisms to ensure slice-specific 
security configurations are accurately implemented. 
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Trust management in 
heterogeneous environments 

Research blockchain-based decentralized trust models [236] for managing 
diverse entities in NGNs. 

Incorporate behavior-based trust scoring systems to adapt to dynamic changes 
in device and user behavior. 

Advanced DDoS mitigation 
techniques 

Explore AI-driven adaptive mitigation strategies [237] capable of distinguishing 
between legitimate and malicious traffic in real time. 

Investigate distributed and collaborative DDoS defense mechanisms leveraging 
edge nodes [238]. 

Sustainability in security Develop energy-efficient security mechanisms to align with the sustainability 
goals of NGNs [239]-[242]. 

Explore the trade-offs between security, performance, and energy consumption 
in resource-constrained environments. 

Standardization and benchmarks Collaborate with international organizations to establish standardized security 
metrics and testing protocols for NGNs. 

Promote the development of open-source tools and frameworks for 
benchmarking security solutions [243]-[245]. 

At the edge, edge computing nodes play a vital role by filtering malicious traffic closer to its source, reducing the load 
on core infrastructure. Additionally, blockchain-based decentralized defense mechanisms are emerging as a means to 
enhance collaboration among distributed nodes, enabling more effective identification and blocking of malicious traffic 
[246]. Basically, mechanisms offer robust solutions for securing next-generation networks by enabling trustless, 
transparent, and tamper-resistant environments. These mechanisms distribute network security responsibilities across 
multiple nodes, reducing single points of failure and enhancing resilience against cyberattacks [247]. Smart contracts 
can automate threat detection and mitigation, ensuring faster response times without requiring centralized control. 
Additionally, blockchain ensures the integrity of data and logs, enabling effective auditing and forensic analysis for 
improved cybersecurity [248]. These combined strategies ensure NGNs remain resilient against DDoS attacks, 
safeguarding critical applications and services. 

6. Conclusion  

Next-generation networks are poised to transform communication systems by offering unprecedented capabilities, 
including ultra-low latency, massive connectivity, and enhanced bandwidth. However, these advancements come with 
complex security challenges that threaten the confidentiality, integrity, and availability of NGN infrastructures. 
Addressing these challenges is critical as NGNs become the backbone of critical services across healthcare, 
transportation, smart cities, and industrial automation. This paper has examined the security landscape of NGNs, 
highlighting key issues such as increased attack surfaces, vulnerabilities in virtualized environments, privacy concerns, 
and emerging threats like quantum computing. Existing security solutions, including AI-driven intrusion detection 
systems, blockchain for decentralized trust, and advanced cryptographic techniques, were explored for their potential 
to mitigate these risks. Despite these advancements, significant research gaps remain, such as the need for holistic 
security architectures, scalable threat detection mechanisms, and quantum-resistant cryptographic implementations. 
Future research must focus on developing comprehensive, adaptive, and sustainable security frameworks that can scale 
with the dynamic and heterogeneous nature of NGNs. Emphasis should be placed on integrating privacy-preserving 
technologies, trust management models, and proactive defense mechanisms to ensure resilience against evolving 
threats. Additionally, global collaboration among academia, industry, and regulatory bodies is essential to establish 
standardized practices and benchmarks, fostering a secure and interoperable NGN ecosystem. 
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