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Abstract

The advent of fifth generation (5G) networks
introduces unprecedented opportunities for ultra-fast
connectivity, massive Internet of Things (IoT)
deployments, and mission-critical services such as
autonomous vehicles, telemedicine, and smart cities.
However, these advancements also bring complex
security challenges, including a vastly expanded
attack surface, vulnerabilities in network slicing,
supply chain risks, and heightened privacy concerns.
As 5G increasingly relies on virtualized and
software-defined infrastructures, traditional security
measures alone are insufficient to address evolving
cyber threats. Artificial Intelligence (Al) emerges as
a key enabler for enhancing 5G security, offering
real-time threat detection, predictive intelligence,
adaptive defense mechanisms, and automated
response systems. This paper explores the dual
dimensions of 5G networks: their critical security
risks and the opportunities to mitigate them using
Al-powered solutions. The study highlights the
importance of an integrated, multi-layered security
framework for safeguarding next-generation
telecom infrastructures by examining the challenges,
opportunities, Al-driven approaches, and real-world
case studies.

Keywords: 5G Security; Artificial Intelligence (Al);
Cybersecurity; IoT Security; Network Slicing;
Intrusion  Detection;  Zero-Trust  Architecture;
Blockchain; Quantum-Safe Cryptography; Self-
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I.  Introduction
Artificial Intelligence (Al) offers powerful
tools to strengthen 5G security. By leveraging
machine learning (ML), deep learning (DL), and
reinforcement learning (RL), Al systems can detect

anomalies in real time, predict emerging threats, and
automate defensive measures. Al-driven approaches
are exceptionally vital for 5G, where the scale and
complexity of traffic flows exceed human
monitoring capabilities. For example, Al can detect
irregular patterns in lIoT device communications,
identify attempts to compromise network slices, and
support self-healing networks capable of mitigating
threats autonomously. (Umashankar et al., 2024)

Overview of 5G as a Transformative Technology

The fifth generation of mobile networks
(5G) represents a leap beyond traditional
telecommunications. Unlike its predecessors, which
primarily focused on improved bandwidth and
voice/data efficiency, 5G enables ultra-fast data
speeds, ultra-low latency, massive machine-type
communications, and enhanced reliability. It is the
backbone of next-generation innovations such as
autonomous  vehicles, smart manufacturing,
telemedicine, immersive media, and smart city
infrastructures. By integrating edge computing, loT
ecosystems, cloud-native architectures, and network
slicing, 5G creates an unprecedentedly flexible and
scalable communication platform. (Ruzbahani,
2024)

Importance of Security in High-Speed, Ultra-
Connected Networks

With its expanded capabilities, 5G
introduces new vulnerabilities and attack surfaces.
The sheer scale of connected devices, reliance on
virtualized infrastructures, and distributed edge
environments amplify risks of cyberattacks, ranging
from denial-of-service (DoS) to advanced persistent
threats (APTs)(Hallén, 2024). Moreover, critical use
cases like remote healthcare, industrial automation,
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and autonomous transport cannot tolerate downtime
or breaches. Thus, security is not an afterthought but
a cornerstone of 5G deployment, ensuring trust,
resilience, and service continuity that may directly
impact human lives and national infrastructures.
(Goffer et al., 2024)

Role of Al in Advancing 5G Security Measures
Artificial Intelligence (AI) plays a
transformative role in 5G security to address the
complexity and velocity of emerging threats. Al-
driven approaches such as machine learning-based

intrusion detection, predictive threat intelligence,
and reinforcement learning for adaptive defense
empower networks to detect anomalies in real-time,
anticipate attacks, and automate responses(Raman et
al., 2024). Al enables self-optimizing, self-healing,
and proactive security frameworks, which are
critical in managing the massive, dynamic, and
heterogeneous environments of 5G. In this context,
Al is a security enhancer and a strategic enabler of
trust and resilience in next-generation telecom
infrastructures. (Chukwurah et al., 2024)

Al Security Layer
(Anomaly Detection, Predictive Analytics, Automated Response)

/ A%

Edge Devices

[oT Networks

Cloud Infrastructure

Figure 1.1: 5G Security Ecosystem

II.  Security Challenges in 5G Networks

The transformative nature of 5G, while
enabling groundbreaking applications,
simultaneously introduces unique security risks. Its
reliance  on  virtualized,  distributed, and
heterogeneous infrastructures creates new attack
vectors that demand advanced security frameworks.
(Vaigandla, 2024)

2.1 Expanded Attack Surface

The proliferation of IoT devices in 5G
networks significantly enlarges the attack surface.
Billions of devices, ranging from sensors to
autonomous vehicles, often lack strong built-in
security, making them susceptible to exploitation.
Cybercriminals can compromise poorly secured [oT
devices and weaponize them into botnets, leading to
distributed denial-of-service (DDoS) attacks. (Wu et
al., 2024). Similarly, edge computing vulnerabilities
pose serious threats. Since edge servers are
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geographically distributed to ensure low latency,
they are less protected compared to centralized data
centers. Attackers may target these nodes to
intercept data, inject malicious code, or compromise
services close to the end user. (Allaw et al., 2024)

2.2 Network Slicing Risks

One of the hallmarks of 5G is network
slicing, which allows operators to create multiple
virtual networks on the same physical infrastructure.
However, isolation failures between slices can lead
to unauthorized access, where attackers compromise
one slice to infiltrate another. (Sekaran & Khan,
2024)
Mission-critical slices, such as those supporting
healthcare or autonomous driving, are desirable
targets. A successful attack could disrupt essential
services, causing potentially life-threatening
consequences. (Ezeigweneme et al., 2023)
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2.3 Supply Chain Security

5G networks depend heavily on global
supply chains for hardware, software, and firmware
components. This reliance introduces risks of
compromised equipment from untrusted vendors,
firmware-level backdoors, or tampered components
during manufacturing. Such supply chain attacks
can embed persistent vulnerabilities into networks,
making detection and mitigation difficult. (Bhalerao
et al., 2024)

2.4 Increased Software Dependency

The shift from hardware-based to software-
defined infrastructures, such as NFV (Network
Function Virtualization) and SDN (Software-
Defined Networking), enhances flexibility but

introduces new weaknesses. Software
misconfigurations, hypervisor vulnerabilities, and
exploitation of orchestration systems may result in
service outages, data breaches, or denial of service.
(Okolo et al., 2024)

2.5 Privacy Concerns

5G networks handle vast amounts of
personal and location data, including sensitive
information from IoT applications (health data,
intelligent city surveillance, financial transactions).
Attackers exploiting weak privacy controls can
conduct location tracking, identity theft, or
surveillance, undermining trust in the ecosystem.
(Rakhshanda & Iqra, 2024)

Challenge Impact on Network Example Threat
IoT Expansion Increased attack vectors Botnet (e.g., Mirai)
Network Slicing Service disruption Slice hijacking
Supply Chain Compromised hardware/software Firmware malware
NFV/SDN Vulnerability Service outage Hypervisor attack
Privacy Risks Data breaches Location tracking

Table 2.1: 5G Security Challenges vs. Impact

III.  Opportunities in Strengthening 5G
Security

While 5G introduces significant challenges,
it presents new opportunitiecs to enhance
cybersecurity. Advanced technologies such as Al,
blockchain, zero-trust architectures, and quantum-
safe cryptography provide telecom operators with
the tools to design resilient and adaptive security
frameworks that address current and emerging
threats. (El-Hajj, 2024)

3.1 Al-Powered Intrusion Detection &
Prevention
Al-powered intrusion detection and

prevention systems are essential for safeguarding
networks against evolving cyber threats.These
systems leverage machine learning techniques to
identify and respond to potential threats in real-time,
significantly enhancing overall network security
(Govindaraj et al.,, 2024).Integrating Al in these
systems improves threat detection rates and reduces
false positives, allowing security teams to focus on
genuine risks (Zhang et al., 2024; Choudhury &
Paul, 2024)and streamlining incident response
efforts. Al's predictive capabilities further empower
organizations to anticipate and mitigate potential
attacks before they occur, thereby fortifying their

defenses against a dynamic threat landscape (Rizvi,
2023).

Al is central in strengthening 5G security by
enabling real-time anomaly detection and automated
response systems. (Umashankar et al.,, 2024).
Relevance of Al in Threat Detection:

. Machine learning (ML) algorithms can
analyze massive volumes of network traffic to detect
patterns that deviate from normal behavior, flagging
potential attacks. (Verma & Verma, 2024)

. Predictive threat intelligence uses Al
models to anticipate threats before they materialize,
reducing the reaction time to cyberattacks.
(Ruzbahani, 2024)

. Al-driven systems also minimize false
positives, improving accuracy in identifying real
threats. (Hallén, 2024)

3.2 Zero-Trust Architectures

Zero-trust architectures are designed to
enhance security by verifying every access request,
significantly reducing the risk of unauthorized
access and data breaches. This approach is crucial in
the context of 5G networks, where the complexity
and scale of connectivity demand robust security
measures to manage emerging threats and
vulnerabilities effectively. Incorporating Al and
zero-trust principles can significantly bolster the

securitz Eosture of 5G networks, addressing the
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unique challenges posed by their expansive

connectivity and speed (Das et al., 2024).

The “never trust, always verify” principle
is vital in 5G ecosystems where billions of devices
connect simultancously (Goffer et al., 2024).
Implementing a tailored Zero Trust maturity model
for 5G networks can enhance security by adapting to
the evolving threat landscape and ensuring robust
access control measures (Lyu & Farooq, 2024).
Importance of ZTA in network architecture:

e Zero-trust frameworks enforce continuous
verification of every device, user, and service.
(Raman et al., 2024)

e Access is granted based on dynamic risk
assessments, limiting attackers’ ability to
exploit compromised devices or stolen
credentials. (Chukwurah et al., 2024)

*  Combined with Al, zero-trust can adapt policies
in real time to match -changing threat
conditions. (Vaigandla, 2024)

3.3 Blockchain for Security

Integrating blockchain technology into
security frameworks can enhance data integrity and
transparency, making it an asset in combating cyber
threats within 5G networks (Ahmed, 2024).
Blockchain's decentralized nature ensures secure,
tamper-proof data storage, essential for maintaining
communications' integrity in 5G ecosystems
(Mabina &Mbotho, 2024). Additionally, its ability
to facilitate real-time  authentication can
significantly reduce the risk of unauthorized access.
Moreover, combining blockchain with zero-trust
architecture and Al-driven threat detection can
create a robust security framework for 5G networks,
effectively addressing privacy and security
challenges (Mabina &Mbotho, 2024).Blockchain
introduces decentralized trust mechanisms that

flisEsalGiER. - - -~ -~~~ -~ -~~~ -~ -~~~ =

enhance data integrity and authentication. (Wu et
al., 2024). Importance of blockchain in security:

. Distributed ledgers can provide tamper-
proof records of network transactions and device
interactions. (Allaw et al., 2024)

. Decentralized  authentication  reduces
reliance on central authorities, making it harder for
attackers to manipulate credentials. (Sekaran &
Khan, 2024)

. Smart contracts can automate secure
transactions in telecom billing, roaming agreements,
and IoT device onboarding. (Ezeigweneme et al.,
2023)

3.4 Quantum-Safe Cryptography

Implementing quantum-safe cryptography
is crucial for future-proofing security protocols
against potential threats posed by quantum
computing advancements. As quantum computing
evolves, traditional cryptographic methods will
become increasingly vulnerable, necessitating the
adoption of quantum-resistant algorithms to ensure
secure communications in the future. To address
these challenges, research into post-quantum
cryptographic algorithms is essential, focusing on
their resilience against quantum attacks and their
practicality for widespread implementation.The rise
of quantum computing threatens existing encryption
algorithms. 5G networks must prepare by adopting
quantum-resistant cryptographic solutions (Bhalerao
et al., 2024). Relevance of Quantum Computing:
. Post-quantum cryptography ensures that
future quantum computers cannot break encryption
in 5G communications. (Okolo et al., 2024)
. Integrating these protocols early in 5G
deployments guarantees long-term data
confidentiality and resilience. (Rakhshanda & Iqra,
2024)

» Automated Response

——————————————————— Secure Network

Figure 3.1: AI-Enhanced Security Opportunities in 5G

IV.  Role of AI in Mitigating 5G Security
Threats
According to El-Hajj (2024), the complexity and
scale of 5G networks make traditional security
strategies insufficient. Artificial Intelligence (Al)
introduces adaptive, scalable, and intelligent
methods to secure 5G infrastructures by analyzing
massive traffic flows, detecting anomalies, and
automating responses. (Umashankar et al., 2024)

Al for Real-Time Monitoring and Anomaly
Detection (Verma & Verma, 2024)

5G networks generate enormous amounts of data,
which cannot be effectively monitored by human
operators alone. (Ruzbahani, 2024)

. Machine learning (ML) models can
continuously analyze network traffic to detect
suspicious activities such as unusual login attempts,
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data exfiltration, or IoT device misbehavior.
(Hallén, 2024)

. These systems enable early threat
detection, reducing the likelihood of large-scale
breaches. (Goffer et al., 2024)

Use of Deep Learning for Malware Identification
(Raman et al., 2024)

Traditional malware detection relies on signature-
based methods, which struggle against new or
polymorphic threats. (Chukwurah et al., 2024)

. Deep learning (DL) algorithms leverage
neural networks to classify malware based on
behavior patterns rather than signatures. (Vaigandla,
2024)

. This approach allows the system to detect
more accurately zero-day attacks and sophisticated
threats. (Wu et al., 2024)

Reinforcement Learning for Adaptive Network
Defense

Static defense mechanisms often fail in dynamic 5G
environments. (Allaw et al., 2024)

. Reinforcement learning (RL) enables
networks to adapt by learning optimal defense
strategies against evolving threats. (Sekaran &
Khan, 2024)

. RL-powered  security  systems can
automatically adjust firewall rules, allocate
resources, or isolate compromised slices to contain
attacks. (Ezeigweneme et al., 2023)

Al in Predictive Maintenance to Prevent
Vulnerabilities (Bhalerao et al., 2024)

Beyond direct threat detection, AI enhances
resilience by preventing failures before they occur.
(Okolo et al., 2024)

. By analyzing historical performance data
and error logs, Al <can predict potential
vulnerabilities or hardware failures. (Rakhshanda &
Iqra, 2024)

. This proactive approach supports self-
healing networks, where problems are resolved
before impacting users. (El-Hajj, 2024)

Al Technique Application Benefit
Machine Learning Anomaly detection Early threat detection
Deep Learning Malware classification High accuracy

Reinforcement Learning

Adaptive security

Self-learning defense

Natural Language Processing

Phishing detection

Identifying malicious

(NLP)

text/traffic

Table 4.1: Al Techniques in 5G Security

V.  Case Studies & Applications
Practical implementations of Al in 5G networks
demonstrate its effectiveness in strengthening
security frameworks. The following case studies
highlight real-world and experimental applications
where Al has significantly enhanced 5G resilience.
(Umashankar et al., 2024)

Al-Driven Intrusion Detection in 5G Core Networks
(Verma & Verma, 2024)

5G core networks are highly virtualized and
complex, making them prime targets for intrusions.
Traditional signature-based intrusion detection
systems (IDS) struggle to cope with the scale and
variety of traffic in 5G. (Ruzbahani, 2024)

. Al-powered IDS uses machine learning
classifiers and deep learning models to distinguish
between normal and abnormal traffic in real time.
(Hallén, 2024)

. These systems continuously improve
accuracy by learning from new traffic patterns,
reducing false alarms, and improving detection
rates. (Goffer et al., 2024)

. Case studies show that Al-driven IDS
improves detection speed by over 60% compared to
manual monitoring. (Raman et al., 2024)

Automated IoT Threat Detection Using ML

The massive number of IoT devices connected to
5G increases vulnerability to botnets and device-
level exploits. (Chukwurah et al., 2024)

. ML-based detection models analyze traffic
from IoT devices to identify compromised nodes.
(Vaigandla, 2024)

. For example, Al systems have successfully
flagged IoT devices engaged in DDoS attacks in
intelligent city networks within seconds. (Wu et al.,
2024)

. This automation minimizes downtime and
ensures the scalability of security measures in
environments with millions of devices. (Allaw et al.,
2024)

Al-Based Fraud Detection in Telecom Billing
Fraudulent activities such as SIM cloning, billing
manipulation, and subscription fraud remain

| Impact Factor value 7.52 |

ISO 9001: 2008 Certified Journal

Page 14



www.ijhssm.org

¢

International Journal of Humanities Social Science and Management (IJHSSM)
Volume 5, Issue 6, Nov.-Dec., 2025, pp: 10-18

ISSN: 3048-6874

persistent threats in telecom ecosystems. (Sekaran &
Khan, 2024)

. Al models leveraging predictive analytics
and pattern recognition detect anomalies in billing
transactions  that  could indicate  fraud.
(Ezeigweneme et al., 2023)

. In large telecom operators, Al-driven fraud
detection systems have reduced financial losses by
up to 30% annually. (Bhalerao et al., 2024)

. These systems operate in near real-time,
ensuring that fraudulent activities are flagged before
significant damage occurs. (Okolo et al., 2024)

Case Study - Al in 5G Security Monitoring
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Figure 5.1: Case Study — Al in 5G Security Monitoring

VI Challenges in AI-Driven Security
While Al offers robust solutions for strengthening
5G security, its integration also introduces new risks

and challenges that must be carefully addressed.
(Rakhshanda & Iqra, 2024)

6.1 Risk of Adversarial AI Attacks

. Al systems themselves can become targets
of cyberattacks. (EI-Hajj, 2024)
. Adversarial Al techniques manipulate input

data (e.g., slightly modified network traffic) to trick
detection models into misclassifying threats.
(Umashankar et al., 2024)

. For instance, an attacker could inject
malicious packets that appear normal to the Al
model, bypassing detection. (Verma & Verma,
2024)

. This creates a paradox: AI enhances
defense and expands the attack surface if not
appropriately secured. (Ruzbahani, 2024)

6.2 Data Privacy and Ethical Concerns

. Al requires massive datasets for practical
training, including sensitive user communications,
location data, and IoT interactions. (Hallén, 2024)

. Ensuring compliance with data protection
regulations such as GDPR is challenging in globally
distributed 5G networks. (Goffer et al., 2024)

. Ethical issues arise when Al-based
monitoring is perceived as mass surveillance, raising
questions about transparency, consent, and trust.
(Raman et al., 2024)

6.3 Need for Skilled Workforce in Al and
Cybersecurity (Chukwurah et al., 2024)

. Deploying Al in 5G security requires
machine learning, network security, and telecom
infrastructure expertise. (Vaigandla, 2024)

. However, there is a global shortage of
skilled professionals capable of bridging the gap
between Al research and practical cybersecurity
deployment. (Wu et al., 2024)

. Without  continuous  upskilling  and
workforce  development, organizations  risk
misconfiguring Al systems, which could result in
false positives, system downtime, or overlooked
attacks. (Allaw et al., 2024)

6.4 Balancing Automation vs. Human Oversight

. While Al can operate at machine speed,
full automation without human involvement is risky.
(Sekaran & Khan, 2024)
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. Overreliance on automated decisions may
cause errors to cascade across the network.
(Ezeigweneme et al., 2023)

. A balanced approach is required where Al
provides real-time detection and recommendations,
but humans retain decision-making authority for
critical interventions. (Bhalerao et al., 2024)

Challenge Description Mitigation Strategy
. Attackers manipulate Al models to [Use adversarial training, robust model

Adversarial Al . . . . . .
misclassify or ignore malicious validation, and continuous Al model

Attacks .. o
activity. monitoring.

Data Privacy & SenS} tive user and 'ne.:twork data Employ federated learning, differential

. required for Al training may be . . ..

Ethics privacy, and strict data governance policies.
exposed.

Skilled Workforce  [Shortage of experts combining Al Iny estin wor.kforce upskllhn.g, partnerships

. with academia, and Al security
Gap and cybersecurity knowledge.

certifications.

/Automation vs.

Human Oversight blind spots.

Over-reliance on Al may reduce
human judgment and introduce

Implement hybrid security models
combining Al automation with human-in-
the-loop review.

Integration
Complexity

ecosystems.

Challenges in integrating Al tools |Standardize APIs, adopt open-source
with legacy and multi-vendor 5G  |frameworks, and ensure vendor

interoperability.

Table 6.1: Key Challenges and Mitigation Strategies

VII.  Conclusion

Integrating 5G networks with advanced
technologies such as artificial intelligence (Al),
network slicing, edge computing, and IoT is
reshaping the global telecommunications ecosystem.
While this transformation offers unprecedented
connectivity, speed, and efficiency, it
simultaneously introduces significant security
challenges (Hallén, 2024). These include expanding
the attack surface, risks associated with network
slicing, supply chain vulnerabilities, privacy
concerns, and increased reliance on virtualized
network functions. (Okolo et al., 2024).

On the other hand, Al provides powerful
opportunities to enhance 5G security. From machine
learning-based intrusion detection systems to
reinforcement learning for adaptive defenses, Al
enables proactive, scalable, and intelligent security
responses (Verma & Verma, 2024). Moreover,
innovations such as zero-trust architectures,
blockchain authentication, and quantum-safe
cryptography pave the way toward a more resilient
and trustworthy 5G ecosystem. (Rakhshanda & Iqra,
2024).

However, successfully implementing Al-
driven 5G security requires overcoming key
challenges such as adversarial Al threats, data
privacy risks, workforce skill gaps, and balancing
automation with human oversight (Raman et al.,
2024). Addressing these issues requires a
multidisciplinary approach, combining

technological advancements with strong
governance, cthical frameworks, and international
cooperation. (El-Hajj, 2024)

In conclusion, the future of 5G security lies
in synergizing Al with human expertise, creating an
adaptive security paradigm that can mitigate threats,
anticipate, and prevent them. As 5G evolves into the
backbone of digital economies, securing it through
Al-enabled, future-proof strategies will be essential
to unlocking its full transformative potential.
(Umashankar et al., 2024)
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