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Abstract - An overview of 6G networks is expected that
sixth-generation (6G) net- works will transform wireless
communication due to their unique features of ultra-high
speed, ultra-low latency, and ubiquitous connections [1]. The
capabilities of artificial intelligence (Al), which have the
ability to greatly enhance network performance, enhance user
experience, and enable new applications across various
domains, are primarily responsible for this [1]. However, new
paradigms will be needed to meet the representative issues in
scalability, security, and ethical considerations in order to
fully realize the potential of Al-enabled 6G networks [1]. We
begin by describing the potential benefits of the Al and 6G
integration. Next, we examine important Al technologies and
important applications for 6G systems, discuss the obstacles to
achieving this integration, and discuss potential future paths in
this exciting area.
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LINTRODUCTION (Size 11, Times New roman)
1.1 The Dawn of 6G and the Al Revolution

All generations of wireless communication triggered with it
amazing technological advancements that changed the way we
communicate and interact [2]. Now that 5G is a broad reality,
we are at the beginning of the 6G generation, which is
characterized by a search for more advanced networks and
services [2]. The expected approaching of these capabilities,
which make up Generation 6 (i.e. 6G), includes ultra-high
speed, enhanced mobile broadband, and revolutionary
applications like autonomous systems and personal smart-city
assistants, to name a few, made possible by the integration of
Artificial Intelligence and Machine Learning (Al/ML) [2]. This
integration is the beginning of intelligent, self-optimizing
networks that have the potential to completely redefine
connectivity and digital interaction [2]. Al's integration into 6G
networks is a game-changer, not only a small improvement [3].
It is a shift from networked devices to networked intelligent

systems, increasing human intelligence, integrating different
devices through the Internet of Everything (loE), and
improving people's quality of life overall [3]. Therefore, a
comprehensive analysis of how Al might change 6G
networking technology is needed, with a focus on applications
that address human needs and challenges [3].

1.2 Key Drivers and Requirements for 6G

The inability of 5G to satisfy the demanding needs of new
services and applications is what is driving the development
of 6G [4]. Among these are intelligent and fully automated
systems underpinned by haptics and extended reality [5]. 6G
networks must be able to deliver fast, smooth, data-driven,
ultra-low-latency, and ultra-reliable connectivity with the goal
to satisfy these needs [5]. Increased system capacity, faster
data rates, reduced latency, enhanced security, and greater
quality of service (QoS) are some of the important
performance characteristics of 6G systems when compared to
5G systems [6].

1.3 The Role of Al in Meeting 6G Requirements

In order to handle the demanding needs of 6G networks,
artificial intelligence is essential [7]. It is anticipated that 6G
networks will be dynamic, extremely diverse, and densely
established, making network operation impossible without
artificial intelligence [7]. Deploying a completely intelligent
6G network has been made possible by Al, ML, and Deep
Learning (DL) [7]. These technologies improve network
speed, user experience, and resource management by
empowering the network to learn, anticipate, and make
decisions to manage the continuous flow of massive data [8].

2.KEY Al TECHNOLOGIES FOR 6G

In order to achieve the goal of intelligent and secure 6G
communication, a number of Al technologies are essential.
These consist of blockchain integration, mobile edge
computing, and federated learning [9]. Applications like the
Internet of Vehicles (loVs) and the Metaverse are made
possible by these technologies, which improve 6G
communications and vice versa [9].
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2.1 Federated Learning

The distributed machine learning technique known as
federated learning (FL) allows model training across several
servers or devices without sharing data samples [10]. This is
especially important for 6G-10T networks, where privacy is a
big concern and data is created at the edge of the network [10].
While addressing issues about secrecy and the increasing
computational capabilities of edge devices, FL makes it easier
to construct smart services [10].

2.2 Blockchain Integration

A secure and autonomous platform for data and transaction
management in 6G networks is provided by blockchain
technology [11]. It can handle issues such mobile devices with
limited resources, challenging wireless resource management,
and the high complexity of heterogeneous network
infrastructures [11]. New innovations in improving network
performance in terms of security, privacy, efficiency, and cost
can be achieved by combining blockchain technology with
artificial intelligence [11]. Security and privacy, content
caching, spectrum management, and computation allocation
are important blockchain and Al-based services [11].

2.3 Mobile Edge Computing

Mobile Edge Computing (MEC) lowers latency and boosts
application performance by bringing processing and storage
power closer to the network's edge [12]. Al can be used to
improve MEC in 6G networks, enabling ultra-safe and ultra-
fast connectivity for real-time applications [12]. While cloud-
based or edge-based quantum computers can speed up the
execution of complex applications, Al-enabled task offloading
capitalizes on the advantages of edge computing [12].

3.APPLICATIONS OF Al IN 6G NETWORKS

Applications spanning multiple sectors, including as smart
cities, autonomous vehicles, healthcare, and industrial
automation, are made possible by the integration of Al into 6G
networks [2].

3.1 Smart Cities

Al-enabled 6G networks have the potential to improve
public safety, optimize resource management, and raise
inhabitants' quality of life in smart cities [2]. Al can be used to
regulate energy use, identify anomalies, and improve traffic
flow by analyzing data from a variety of sensors and devices
[13]. The Internet of Everything (I0E) is supported by the 6G
ecosystem, advanced high-quality services including
holographic quality experience, low-latency connectivity, and
highly dependable and improved broadband are made possible
[13].

3.2 Autonomous Vehicles

For autonomous cars to operate safely and effectively,
communication must be ultra-low latency and very reliable
[14]. 6G networks with Al capabilities can offer the
intelligence and connectivity required to facilitate autonomous
driving [14]. Al can improve the efficiency and safety of
autonomous cars by assisting with real-time decision-making,
course planning, and object detection [15]. Although 6G is
anticipated to transform Vehicle-to-Everything (V2X)
connectivity, the intricate heterogeneous architecture of V2X
communication will present a number of security issues [15].

3.3 Healthcare

6G networks powered by Al have the potential to
revolutionize healthcare by facilitating robotic surgery,
telemedicine, and remote monitoring [16]. For these
applications, the ultra-low latency and excellent reliability of
6G networks are essential [17]. Al has the potential to identify
illnesses, evaluate medical imagery, and customize treatment
regimens [17]. A key component of ultra-reliable healthcare
services is the ability to choose the best, fastest policy based on
the constantly changing environment thanks to the
softwarization of intelligence in 6G networks [17].

3.4 Industrial Automation

Al-enabled 6G networks have the potential to boost worker
safety, decrease downtime, and increase productivity in
industrial automation [16]. Al can be used to operate robots,
anticipate equipment breakdowns, and enhance production
processes [18]. 6G can intelligently optimize channels for big
data, and the concept network offers the chance to develop a
variety of sensors in the Internet of Things to analyze
enormous data [18].

4.SECURITY CHALLENGES AND SOLUTIONS

New security challenges are also brought about by the
integration of Al into 6G networks [19], as the automation of
critical processes in the 6G infrastructure creates a much larger
and more complex attack surface [19]. As a result, security
concerns must be addressed to ensure the reliability and
trustworthiness of 6G networks [20]. A number of
complementary issues, including distributed trusted AI/ML,
zero-touch holistic end-to-end (E2E) security, and quantum-
safe 6G communications, must be addressed to advance the
security of 6G smart networks and services [20].

4.1 Al-Enabled Security Measures

Al can be strategically applied to improve 6G network
security [21]. Future end-to-end network automation depends
on proactive threat identification, intelligent prevention
strategies, and the guarantee that 6G networks will be self-
sustaining [21]. Al applications in 6G security include
anomaly detection, intrusion detection, and secure data
transmission [22].

4.2 Blockchain for Enhanced Security

6G network security can also be improved with blockchain
technology [23]. A collaboration chain and a voting
mechanism can be used in a 6G-VANET data sharing system
to guarantee security and safeguard the privacy of members
[23]. The voting method is designed in conjunction with a
contract, and the collective chain satisfies the requirements of
tamper-proof traceability [23].

4.3 Quantum-Safe Communication

Incorporating post-quantum cryptography and quantum key
distribution can help maintain mobile network security in the
era of quantum computing, which is a serious threat to 6G
network security [12].

5.CHALLENGES AND FUTURE DIRECTIONS

Although there are many opportunities, there are a number
of obstacles to overcome before Al can be integrated into 6G
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networks [24]. These include the necessity for real-world
datasets, transparency concerns, computational resource
demands, and scalability [24]. To fully utilize Al's potential in
developing 6G technology, these issues must be resolved [24].

5.1 Addressing Scalability

A key issue with Al-enabled 6G networks is scalability [2].
The network needs to be able to manage the increasing demand
for resources as the number of devices and applications rises
[2]. Scalability can be addressed by distributed learning
strategies like federated learning, which allow model training
at the edge [10].

5.2 Reducing Computational Resource Demands

Al algorithms can be  resource-intensive  and
computationally demanding [25]. In 6G, advanced Deep
Learning (DL) models can address the challenges of growing
service demands and a changing network landscape [25]. The
computational load can be lessened with the use of strategies
like edge computing and model compression [12].

5.3 Ensuring Transparency

Establishing reliability with Al-enabled 6G networks
requires transparency [24], which can be achieved by
understanding how Al algorithms make decisions and making
sure they are not biased [24]. Explainable Al (XAl) techniques
can help to increase transparency by offering insights into the
method of decision-making [26].

5.4 The Need for Real-World Datasets

Data scarcity can be addressed by generative Al (GenAl),
which can replace or supplement discriminative Al (DAI)
methods in a variety of ways. Al algorithms need a lot of data
to train efficiently [27], but real-world datasets are frequently
limited, unfinished, and expensive to access [27].

6.FUTURE RESEARCH DIRECTIONS

New Al algorithms for network security and optimization
are being developed [24]. Quantum computing for Al in 6G
networks is being investigated [12]. Al integration with other
cutting-edge technologies like digital twins and semantic
communications is being investigated [28], [29]. Moral and
social effects of Al in 6G networks are being addressed [1].

7.CONCLUSION

A future of intelligent and secure communication can be
created by concentrating on these issues and following the
research directions mentioned above. The integration of Al
into 6G networks has the potential to transform wireless
communication and open up an abundance of new applications
and services [2]. However, achieving the full potential of Al-
enabled 6G networks includes dealing with fundamental issues
like scalability, security, and ethical concerns [19]. The
symbiotic  relationship  between Al and  wireless
communication will be essential to building a connected and
intelligent world as we move into the world of 6G [2]. The
convergence of Al and 6G will not only improve network
performance but also transform many aspects of our lives,
from healthcare and industrial automation to smart cities and
autonomous vehicles [16].

REFERENCE

1. Maduranga, M. W. P., Tilwari, Valmik, Rathnayake, R. M. M. R,
and Sandamini, Chamali. 2024. "Al-Enabled 6G Internet of
Things: Opportunities, Key Technologies, Challenges, and Future
Directions". Multidisciplinary Digital Publishing Institute.

2. Chataut, Robin, Nankya, Mary, and Akl, R.. 2024. "6G Networks
and the Al RevolutionExploring Technologies, Applications, and
Emerging Challenges". Italian National Conference on Sensors.

3. Raihan, Asif. 2023. "An Overview of the Implications of
Artificial Intelligence (Al) in Sixth Generation (6G)
Communication Network". Research Briefs on Information &
Communication Technology Evolution.

4. Piran, Md. Jalil and Suh, Doug Young. 2019. "Learning-Driven
Wireless Communications, towards 6G".

5. Bariah, Lina, Mohjazi, Lina, Muhaidat, Sami, Sofotasios,
Paschalis C., Kurt, Gne Karabulut, Yankmerolu, Halim, and
Dobre, Octavia A.. 2020. "A Prospective Look: Key Enabling
Technologies, Applications and Open Research Topics in 6G
Networks". Institute of Electrical and Electronics Engineers.

6. Vaigandla, Karthik Kumar, Bolla, SandyaRani, and Karne,
Radhakrishna. 2021. "A Survey on Future Generation Wireless
Communications-6G: Requirements, Technologies, Challenges
and Applications”. International Journal of Advanced Trends in
Computer Science and Engineering.

7. Arshad, R. and Muzzammel, Raheel. 2023.
Intelligence in 6G Communications: A Review". None.

8. Slimani, K., Khoulji, S., and Kerkeb, M. L.. NaN. "Advancements
and Challenges in Energy-efficient 6G Mobile Communication
Network". E3S Web of Conferences.

9. Shoaib, Mohamed R., Wang, Ze, and Zhao, Jun. 2024. "The
Convergence of Artificial Intelligence Foundation Models and 6G
Wireless  Communication  Networks". IEEE  Vehicular
Technology Conference.

10.Das, Sree Krishna, Mudi, Ratna, and Rahman, Md. Siddikur.
2022. "Distributed Learning for 6GloT Networks: A
Comprehensive Survey".

11.Zuo, Yiping, Guo, Jiajia, Gao, Ning, Zhu, Yongxu, Jin, Shimei,
and Li, Xiao. 2023. "A Survey of Blockchain and Artificial
Intelligence for 6G  Wireless Communications". |IEEE
Communications Surveys and Tutorials.

12.Garcia, C. R., Bouchmal, Oumayma, Stan, C., Giannakopoulos,
P., Cimoli, B., Olmos, J., Rommel, S., and Monroy, I.. 2023.
"Secure and Agile 6G Networking Quantum and Al Enabling
Technologies". International Conference on Transparent Optical
Networks.

13.Serdio, Carlos, Cunha, Jos, Candela, Guillermo, Rodrguez,
Santiago, Sousa, Xos Ramn, and Branco, Frederico. 2023. "The
6G Ecosystem as Support for IoE and Private Networks: Vision,
Requirements, and Challenges”. Multidisciplinary Digital
Publishing Institute.

14.0sorio, Diana Pamela Moya, Ahmad, ljaz, Snchez, Jos David
Vega, Gurtov, Andrei, Scholliers, Johan, Kutila, Matti, and
Porambage, Pawani. 2022. "Towards 6G-Enabled Internet of
Vehicles: Security and Privacy". IEEE Communications Society.

15.Kim, Myoungsu, Oh, Insu, Yim, Kangbin, Sahlabadi, Mahdi, and
Shukur, Z.. NaN. "Security of 6G-Enabled Vehicle-to-Everything
Communication in Emerging Federated Learning and Blockchain
Technologies". IEEE Access.

16.Pachar, Sunita, Reddy, Satti Sudha Mohan, Kompally, Gouthami,
Srinivasagopalan, Lakshmi Narasimhan, Sangore, R., and Katta,
Sivakoteswararao. 2024. "Advancements in 5G and 6G
Technologies Shaping the Future of Global Connectivity and
Communication".

17.Hashima, Sherief, Fadlullah, Z., Fouda, M., Mohamed, E. M.,
Hatano, Kohei, Elhalawany, B., and Guizani, M.. 2023. "On
Softwarization of Intelligence in 6G Networks for Ultra-Fast
Optimal Policy Selection: Challenges and Opportunities”. IEEE
Network.

"Realizing

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM45413 |

Page 3


http://www.ijsrem.com/

" International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

18.Haroon, Muhammad, Siddiqui, Khurshid, Kiran, Rashid, Imran,
and Khan, Adnan Ahmad. 2020. "Artificial Intelligence based 6G
Intelligent 10T: Unfolding an Analytical Concept for Future
Hybrid Communication Systems".

19.Kaur, Navneet, Kshetri, Naresh, and Pandey, P. S.2024. "6Alnets:
Harnessing artificial intelligence for the 6G network security:
Impacts and Challenges". arXiv.org.

20.Liyanage, Madhusanka, Porambage, P., Zeydan, E., Senavirathne,
Thulitha, Siriwardhana, Yushan, Yadav, Awaneesh Kumar, and
Siniarski, Bartlomiej. 2024. "Advancing Security for 6G Smart
Networks and Services".

21.Rai, Supriya, Lohani, M., Singh, K. R., Ghumman, Sukhman,
Patil, S. B., and V, Mythili. 2024. "Improving 6G Network
Safety, Privacy, and Resource Efficiency via the Application of
Machine Learning and Network Data Analytics".

22.Bhuvaneshwari, B., Balusamy, B., Dhanaraj, Rajesh Kumar, and
Ravi, Vinayakumar. 2023. "Artificial intelligence enabled Luong
Attention and Hosmer Lemeshow Regression Windowbased
attack detection in 6G". International Journal of Communication
Systems.

23.Wang, Zhihua, Xu, Yingheng, Liu, Jiahao, Li, Zhenyu, Li,
Zeminghui, Jia, Hongyong, and Wang, Dinghua. 2022. "An
Efficient Data Sharing Scheme for Privacy Protection Based on
Blockchain and Edge Intelligence in 6G-VANET". Wiley.

24.Sabir, Bushra, Yang, Shuigiao, Nguyen, David, Wu, Nan,
Abuadbba, A., Suzuki, Hajime, Lai, Shangqi, Ni, Wei, Ming,
Ding, and Nepal, Surya. 2024. "Systematic Literature Review of
Al-enabled Spectrum Management in 6G and Future Networks".
arXiv.org.

25.Jiao, Licheng, et al. NaN. "Advanced Deep Learning Models for
6G: Overview, Opportunities, and Challenges". IEEE Access.

26.Merluzzi, M., et al. NaN. "The Hexa-X Project Vision on
Artificial  Intelligence and  Machine  Learning-Driven
Communication and Computation Co-Design for 6G". IEEE
Access.

27.elik, Abdulkadir and Eltawil, Ahmed M. 2024. "At the Dawn of
Generative Al Era: A Tutorial-cum-Survey on New Frontiers in
6G Wireless Intelligence”. IEEE Open Journal of the
Communications Society.

28.Sheraz, Muhammad, Chuah, T., Lee, Ying Loong, Alam,
Muhamamd Mahtab, Al-Habashna, A., and Han, Zhu. NaN. "A
Comprehensive Survey on Revolutionizing Connectivity Through
Artificial Intelligence-Enabled Digital Twin Network in 6G".
IEEE Access. https://doi.org/10.1109/ACCESS.2024.3384272

29.Yang, Wanting, Du, Hongyang, Liew, Ziqgin, Lim, Wei Yang
Bryan, Xiong, Zehui, Niyato, Dusit, Chi, Xuefen, Shen, Xuemin,
and Miao, Chunyan. 2022. "Semantic Communications for 6G
Future Internet: Fundamentals, Applications, and Challenges".
Cornell University.

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM45413 | Page 4


http://www.ijsrem.com/

