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1. INTRODUCTION:    

 In modern era, Telecom networking requiers improvement of efficiency, resilience and meeting with high 

demands of large bandwidth for and multimedia transmission, ultra-low latency, maximizing throughput, ensuring 

consistent connectivity, easy operation and maintenance, reduction in infrastructure cost. Today’s world is more 

connected and smarter in the sense of achieving bigger goals in less time and with secure data network transmission. 

Artificial Intelligence (AI) and Machine Learning (ML) is playing significant role in many disciplines of engineering 

and technology. Increasing the capacity to accommodate consumer requirements, which is increasing day by day, and 

data security is also needed. AI/ML is providing support in network planning, designing, optimization, intelligent 

decision making for network operations, customer management, security threats, fraudulent and cyber-attacks, in 

infrastructure planning. These technologies enabling the creation of Self-Optimized Networks which can automatically 
improve performance, predict failures and streamline operations. The artificial intelligence supports in network 

optimization is necessary for future telecom network designs. There will be a huge expansion of connected devices (IoT 

and IIoT) to fulfill smart industries requirement. The process of optimization is becoming more critical and complex 

due to network connectivity of large number of IoT sensors and devices and their connection with data centers.  

Artificial Intelligence is revolutionizing and transforming the telecom network design by offering higher 

capabilities in machine learning, such as Deep Neural Network, Self-predictive maintenance, traffic management, 

resource allocation, etc. AI is also supporting in allocation of bandwidth to provide real-time data transmission and 
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ensuring an efficient usage of infrastructure during peak times. AI is helping in energy consumption optimization which 

is reducing the operation cost. It is detecting anomalies and proactively troubleshooting and informing for equipment 

failures. The utilization of Artificial Intelligence and Machine learning in telecom network design is opening doors to 

adopt new technologies such as Software-Defined Networking (SDN), Network Slicing, Network Function 

Virtualization (NFV), Edge, cloud and Fog computing. These new technologies fueling and pushing us to improve 

traditional telecom network designing and need to improve it in agile infrastructure. AI and Machine Learning 

facilitating automatic learning the complexity of communication network and dynamically adjusting the protocols 

without human interference.  The Artificial Intelligence digitally transformed the requirements and service provisions. 

Automating the critical tasks such as network troubleshooting, fault detection, configuration adjustments, and network 

traffic balancing. AI reduced the costs and improved the customer satisfaction.  

Global demand for connected devices is increasing day by day and data capacity of transmission is increasing 

as well. The revolution in IoT and IIoT made our life easier but same time the need of complex and high data 

transmission requirement became a challenge. In such scenarios Artificial Intelligence is playing a crucial role in 

optimizing telecom data network. As industries are digitally transforming and upgrading with utilization of IoT and 

Wireless 5G and Beyond 5G (B5G), AI became necessary to meet with rising demands of high speed and real-time 

Connectivity. 
 

   
 

Figure 1: The data explosion and high requirement of data is becoming a challenge in designing and transmission 

Reference : Visualized: Daily Internet Activity in 2025 

Figure 2: Increase in data capacity for transmission of communication messages. 

Reference: Possible evolution of total global data traffic toward 2030 [5,9]. | Download Scientific Diagram 
 

Based on current industry developments implementing AI and Machine Learning to design telecom and data 

security involves creating self-optimizing networks that can predict and respond to threats and performance issues in 

real-time.  for designing telecom.  

In 5G technologies, AI plays a playing for different services such as enhanced mobile broadband (eMBB), ultra-

reliable low latency (URLLC) and massive machine-type for IOT devices.  AI powered algorithms dynamically allocate 

resources within these slices to ensure quality of service (QoS) while optimizing for specific use cases. 
1.1 Latest terms and considerations in Telecom Network designing in AI era: 

1.1.1 SOFTWARE DEFINED NETWORK (SDN): Software Defined Network is an approach to manage and 

uses abstraction to enable dynamic and programmatically efficient network configuration to create grouping 

and segmentation and improving network performance. SDN is more aligned to cloud than traditional 

telecom networking.  

 

https://www.visualcapitalist.com/visualized-daily-internet-activity-in-2025/
https://www.researchgate.net/figure/Possible-evolution-of-total-global-data-traffic-toward-2030-5-9_fig1_332111132
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SDN is meant to improve the static architecture of traditional networks and employ a centralized network 

intelligence in one or more controller, which are considered as brain of the SDN network, where the whole 

intelligence is incorporated. 

SDN architectures network control (Control Plane) and forwarding (data Plane) functions, enabling the 

network control to make directly programmable and the underlying infrastructure to be abstracted from 

applications and network services. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: Software Defined Network Block Diagram 

Reference: Software-defined networking - Wikipedia 

 

1.1.2 NETWORK FUNCTION VIRTUALIZATION (NFV): Network virtualization is the process of 

combining hardware and software network resources and functionality into a single software based 

administrative entity. Network function virtualization replaces the functionality of individual hardware 

networking components. Virtual machines run the software and performing all networking functions such 

as load balancing, routing and firewall security all are performed by software instead of hardware 

components. Making upgrades to dedicated hardware can take months and even replacement of hardware 

is taking much time removing these functions from hardware appliances to enable service providers greatly 

increase the speed of new service deployment and reducing the need of new hardware. 

NFV uses the virtual machines to create agile, scalable and manageable through as single pane of glass. A 

centralized control panel enables the network to automate the provisioning and orchestration of network 

resources and quickly response to traffic changing pattern.  

NFV is growing the number of industries seeking to control their network infrastructure and migrating from 

physical hardware to virtualized and cloud computing resources. 

NFV software creates a virtual network layer on top of the physical layer network, abstracting its resources 

and functions. It pools network resources like switches, routers and firewalls to make them available to be 

managed by single entity. It is also dividing single physical network into multiple isolated logical networks. 
This can be done by combining multiple physical networks into one virtual network or by dividing one 

physical network in to several smaller virtual networks. A virtual switch (vswitch) controls communication 

between physical and virtual network. 

 

https://en.wikipedia.org/wiki/Software-defined_networking
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Figure 4: Traditional network approach versus Network Virtualization Approach for future telecom networking. 

Reference: Network Function Virtualization Architecture - Techplayon 

 

NFV infrastructure consists of the servers, storage, switches, and compute resources needed to create NFV 

environments. To abstract network function from physical hardware, network operators create a virtualization 

layer by using software called hypervisor. A hypervisor creates software layers capable of segmenting multiple 

virtual machines from a single physical machine.  

NFV is making network administrator’s role easy by provisioning, modify, managing network resources more 

quickly and easily by use of software. It is moving workload to different network domains without reconfiguring 

the physical network. 

 

1.1.3 FOG COMPUTING:  Fog is a decentralized computing infrastructure in which data, compute storage, and 

applications are distributed in the most efficient place between data source and the cloud. The concept of 

fog computing was introduced by Cisco to bring cloud computing close to the end user. Fog computing is 

a model which extends cloud computing to the edge of the network. Fog computing is aimed to reduce the 

bandwidth by not sending every bit of information to cloud-based data centre for processing but, its process 

a substantial amount of data locally, at the network edge. 

Fog computing is processing the data in decentralized system. The data is processed by the device itself or 

by local computer or server, rather than being sent to data centre.  

Fog computing operates on principle to take the services and tasks of the cloud closer to the end user, where 

the data is being generated. This is done by utilizing different technologies such as machine learning, 

communication networking, storage and embedded systems. The fog layer is in between the cloud layer at 

the top and physical hardware layer at bottom.  The data generated by physical layer is (IoT sensors) is 

processed at fog after initial processing by edge. This process involves cleaning the data, analysing it and 

compressing it. After complete processing selective data is being sent to cloud for permanent and long-term 
storage. 

 

https://www.techplayon.com/network-function-virtualization-nfv-architecture/


INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD          
ISSN(O): 2455-0620                                                      [ Impact Factor: 9.47 ]          
Monthly, Peer-Reviewed, Refereed, Indexed Journal with  IC Value : 86.87         
Volume - 11,  Issue - 12,  December -  2025              
 

 

Available online on – WWW.IJIRMF.COM Page 54 

 
 

Figure 5: Fog Computing architecture for IoT Systems 

Reference: Fog Computing Architecture for IoT Systems | Download Scientific Diagram 

 

1.1.4 NETWORK SLICING: Network slicing provides the infrastructure which provides multiple logical 

networks on the same shared network infrastructure. Each logical network serves a specific service type. 

Each network slice can define its logical topology, SLA requirements, reliability, and security level to meet 

differentiated requirements of different services, industries and user    

Network slicing reduces the cost of constructing multiple private networks and provide flexible services 

which can allocate on demand service requirements.  

In modern world, different industries, services and users require new services on cloud and 5G Network, 

such as mobile communication, Industry IoT connectivity, Internet of Vehicles (IoV), smart agriculture, 

environment monitoring smart meter reading, requires ultra-low latency and 100% reliability. To meet 

above requirements network slicing is introduced. Carrier providers can make multiple dedicated, 

virtualized, and isolated logical networks on a general physical network to meet with different network 

capabilities requirements. 

As shown in below picture, IP transport network slicing can be architecture can be divided into multiple 

slices such as, forwarding layer, control layer, management layer etc. and carrying different services in 

different slices such as Industrial Automation slice, Smart Health Care Slice, Autonomous Vehicle Slice, 

Digital Multimedia Slice etc. 

https://www.researchgate.net/figure/Fog-Computing-Architecture-for-IoT-Systems_fig1_340812995
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Figure 6: Network slicing architecture 

Reference: vSDN-based network slicing architecture for 5G and beyond networks with... | Download Scientific 

Diagram  

 

 
 

Figure 7: IP Transport network slicing architecture 

Reference: What Is Network Slicing? How Does It Work? - Huawei 

 

1.1.4.1 Forwarding Layer: The network slice forwarding layer needs to be capable for dividing the physical 

network forwarding resources into multiple sets of isolated resources allocated to different network slices. 

Resource isolation can be achieved by FlexE, sub-interfaces, HQoS etc. 

 

1.1.4.2 Control layer: The control layer provides logical network slices on physical network and customized 

logical topology connections and associate the logical topologies of slices with a set of network resources 

allocated to the particular slice. This is the way to form network slice to meet with specific requirements. 

The control layer can be divided further in to Control and data plane. The control plane distributes, collect, 

https://www.researchgate.net/figure/SDN-based-network-slicing-architecture-for-5G-and-beyond-networks-with-shared-SFCs_fig1_366994414
https://www.researchgate.net/figure/SDN-based-network-slicing-architecture-for-5G-and-beyond-networks-with-shared-SFCs_fig1_366994414
https://info.support.huawei.com/info-finder/encyclopedia/en/Network+Slicing.html
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and calculate network slice information, whereas data plane identifies and forward network slice 

resources. Technologies used at the control layer are SRv6 and Flex-Algo etc. 

 

1.1.4.3 Management Layer: The network slice management layer provides network slice lifecycle management 

functions including network slice planning, deployment, maintenance and optimization. 

 

1.1.5 NETWORK INTELLIGENCE (NI): Network Intelligence is a technology that builds on the concept and 

capabilities of deep packet inspection (DPI), packet capture and business intelligence (BI). Network 

Intelligence examine IP data packets which cross communication network by identifying the protocols used 

and extracting the packet content, metadata, for rapid analysis of data relationships and communication 

patterns in real time. 

 

 
 

Figure: Different layers showing intelligent and AI based Intelligent Network 

Reference: The architecture of AI-enabled intelligent 6G networks. | Download Scientific Diagram 

 

Network Intelligence is using a middleware to capture and feed information to network operator applications for 

bandwidth management, traffic shaping, policy management, charging, and billing, (including usage-based and 

content billing), service assurance, revenue assurance, market research mega panel analytics, lawful interception 

and cyber security. It is currently being incorporated in to a wide range of applications by large service providers. 
Network Intelligence relies on robust data collection and monitoring tools, including packet sniffers such as 

Wireshark and tcpdump.  Data collection methods are categorized as active, which inject test traffic to measure 

network quality and passive which monitor existing traffic without interference. Privacy concerns arise with deep 

packet inspection, as analysing user data can compromise privacy need substantial resources, leading most modern 

investigations to thin packet inspection.  Machine Learning (ML) and deep learning (DL) methods are applied to 

network data for classification, clustering, regression, anomaly detection, dimensionality reduction, supervised 

learning trains model on labelled data. Reinforcement learning (RL) uses feedback-driven approaches to optimize 

https://www.researchgate.net/figure/The-architecture-of-AI-enabled-intelligent-6G-networks_fig1_346392115
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network performance. Deep Neural network (DNN) and Convolutional Neural Networks are used to model complex 

network behaviours and predict user traffic. 

 

1.1.5.1 Key Functions of NI 

• Network optimization 

• Predictive maintenance and fault detection 

• Security and threat detection 

• Service assurance 

• Customer experience management 

• Monetization 

 

1.1.6 INTENT BASED NETWORK (IBN) 

Intent driven network or Intent Based Networking (IBN) is an approach of network management that shifts the focus 

from manually configuring the individual devices to specify desired outcomes. Instead of low-level network 

configuration of devices to define high level intents and network dynamically adjust itself to meet with requirements. 

IBN is simplifying the complex networks by ensuring the network infrastructure which aligns with desired 

operational goals. An implementer can state a network purpose with policy such as “allow hosts A and B to 

communicate X with bandwidth capacity, without the need to understand detailed mechanism of devices (Switches, 

Routing topologies etc.). Intent based networking is software enabled automation process that uses high levels of 

intelligence, analytics and orchestration to improve network operations. Based on business outcomes, operators 

wish (intents) the network converts the objectives and wishes to change the necessary configuration and achieve the 

desired outcome and eliminating the need of manual configuration and coding of individual tasks. Natural Language 

Understanding (NLU) with neural based networks algorithms like BERT, RoBERT, GLUE and ERINE have made 

it possible to convert user queries into structured processing by automated services. 

 

1.1.6.1 Working of Intent Based Network: 

• Declaring the intents. 

• Translating the intents into action. 

• Automatically deploying the configurations to network to meet with desired and defined goals, without 

manual command line intervention. 

• The network is continuously monitoring its performance using closed loop automation to correct any 

deviations and ensuring the original intent has been fulfilled. 

• This is a fully autonomous network, where the network can manage itself to achieve desired outcome. 

1.1.6.2 Benefits of Intent based Network: 

• Shifting the focus from complex network configurations to simpler business-oriented objectives. 

• Speed up the deployment of new services and the response to change in business needs. 

• Optimizing network performance by constantly working to meet with defined goals (intent). 

• Minimizing human errors by automating the complex tasks of network configuration. 

• Proactively identifying and preventing security threats by incorporating security policies directly into 

the intent.  
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Figure: Intent based networking architecture 

Reference: (PDF) Recent Advances in Intent-Based Networking: A Survey 

 

2. OBJECTIVE: Motivation: 

Modern telecom networks are incredibly complex and mix of physical, virtual, and software defined 

infrastructure. We are unable to manually manage millions of network elements, slice resources dynamically and 

troubleshoot in real-time. AI algorithms can process massive volumes of network data from routers, switches. AI and 

machine leaning is tool to manage the complexity of the network and modern service demands. 

  

Table -1:  

Showing the challenges in current time for Telecom networking and how AI and ML can revolutionize it 

 

 Challenges in current 

scenario 

AI/ML role Motivation to use 

AI/ML 

1 Overwhelming and complex 

modern network: 

Human cannot manage a 

complex network. 

AI algorithm can process massive 

volume of network data from switches, 

routers and other user equipment to 

understand and automate the decision 

AI/ML is the tool which 

manage, scale and can 

meet with complex 

modern demands. 

2 To reduce operational 

efficiency and costs: 

Constant and continuous 

manual monitoring of 

network is expensive. 

• AI predicts hardware failure 

before it happens, allowing for 

targeted maintenance and 

avoiding costly network outage. 

• AI can dynamically power 

down network components (like 

cell tower during low traffic) 

Direct cost savings and 
improve profit margin. 

https://www.researchgate.net/publication/342588062_Recent_Advances_in_Intent-Based_Networking_A_Survey
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leading to massive energy cost 

reductions. 

• AI/ML can diagnose and fix 

common network issues 

automatically and reducing 

human intervention. 

3 Transitioning from 

Reactive to Proactive and 

Predictive Operations: 

 Customer expectations are 

increasing day by day and 

reacting to their complaints 

operators need to identify and 

resolve the issues before 
someone notice. 

• AI/ML analyze historical and 

real-time performance data (e.g. 

error rates, temperature, signal 

strength) to predict hardware 

failures before it happen. This 

allows maintenance before peak 

hours and preventing network 

outages. 

• Self-Healing: When an 

anomaly or failure is detected, 

the AI system can automatically 

reroute traffic, reconfigure 

parameters, or even trigger 

repair process without human 

intervention which dramatically 

reduce down time. 

 

4 Enhancing Network 

Performance and user 

experience: 

• Self-Organizing Network 

(SON): Self Organizing 

network continuously optimizes 

network parameters (like power, 

tilt, handover thresholds) to 

maximize coverage and 

capacity, reduce interference. 

The Quality of Experience 

(QoE) is key 

differentiator. Users 

expect seamless 

connectivity for video 
streaming, online gaming 

and IoT applications. 

 

3. CONTRIBUTION: 

This technical research paper is providing conceptual and theoretical aspects to utilize Artificial Intelligence 

and Machine Learning and modern technologies in designing of telecom network designs. Still in modern era of artificial 

intelligence we are using bulky systems and data communication rooms to provide telecom services to different users.  

 

This paper is also discussing about the utilization of new technologies and concepts of self-healing, intelligent 

network, intent based networks to make operation and maintenance easy for customer and service providers.  In this 

paper we also analyzed practical implementation of AI/ML in telecom networking in different layers to enhance network 

performance by increasing the bandwidth capacity and filtering the packets necessary to transmit over network and 

storage at different levels. We also discussed about the areas where AI/ML can be implemented, core concepts, 

methodologies and technologies requirement. Explained the benefits and challenges in transforming the traditional 

telecom networking to AI/ML supported telecom networking. We also analyzed the cost saving and customer centric 

approach, where trouble and equipment failures could be detected before it actually happens during peak hours. All 

maintenance can be done during low traffic time and even tower power can be shut down automatically if seen zero 

traffic and turn it on once traffic take place. All switches are not necessarily to keep on all time it can also be managed 

and can full on to provide PoE to data ports as per requirement. By this approach lots of energy can be saved. 
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4. Framework: Concept, Methodology, and technology requirements: 

Table -2 

Showing the areas where AI and ML can be used, the core concepts, methodologies and approaches and 

required technology and infrastructure to make it realistic 

 

 

 Area Core Concept Methodologies & 

Approaches 

Technology and 

Infrastructure 

requirements 

1 AI in telecom 

design 
• Self-Optimizing 

networks (SONs): 

Networks that 

dynamically adjust 

resources like bandwidth 

and traffic routing base 

on real-time analysis. 

• Predictive 

Maintenance: using AI 

to forecast equipment 

failures from historical 

and sensor data allowing 

for proactive repairs. 

• Network Automation: 

Automating complex 

tasks like spectrum 

allocation and 

configuration 

management. 

AI Powered Analytics: 

Continuously analyzing 

network data traffic, 

patterns, and performance 

matrices to predict 

congestion and optimize 

resource allocation. 

Cloud-Native 

Infrastructure: A shift 

towards software defined, 

cloud-based infrastructure 

for scalability and agility. 

Edge Computing: 

Processing data closer to 

its source to reduce 

latency for real-time 

services and IoT 

applications. 

5G and Advanced 

Network Component: 

Managing the complexity 

of the next generation 

networks like 5G 

2 Data 

Security 
• Predictive Threat 

Detection: Moving 

beyond, reactive, rule-

based systems to 

proactively rule based 

systems to proactive 

identify potential threats 

by analyzing vast 

datasets. 

• Zero Trust 

Architecture (ZTA): A 

security model enforcing 

strict identity verification 

for every user and 

device, assuming no 

implicit trust.  

• AI Powered cyber 

threats: Defending 

against adversarial uses 

of AI, such as highly 

personalized phishing 

emails and deepfakes. 

• Behavioral 

Anomaly 

Detection: Using 

AI to establish a 

baseline of 

“normal” network, 

user an system 

behavior to flag 

subtle, unusual 

activities that may 

indicate a breach. 

• Automated 

Incident 

Response: 

leveraging AI to 

analyze attacks and 

automatic ally 

isolate 

compromised 

systems, 

significantly 

reducing response 

times. 

  

• AI Security Tools: 

Specialized platforms 

for network detection 

and Response (NDR) , 

Cloud Native 

Application 

Protection Platforms 

(CNAPP) and 

Endpoint Detection 

and response  (EDR) 

that leverage AI. 

• Advanced 

Encryption: Utilizing 

AI to enhance data 

protection with 

techniques like 

homomorphic 

encryption and 

quantum resistant 

cryptography. 
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5. FUTURE DISCUSSION: Challenges in utilization of AI and Machine Learning in Telecom Networking and 

overcoming: 

Future studies on AI and ML for telecom networking will be centered on developing more autonomous, intelligent, and 

integrated communication systems. Key areas include Agentic AI, AI-Native 6G Networks and integrated Sensing 

and Communication (ISAC).  

 

Below table is showing future core domains areas: 

 

Table -3 

Showing the core areas in telecom networking where AI and ML can be used  

 

 Research Domains Focus Areas 

1 Agentic AI and Network 

Automation 
• Autonomous network operations and optimization.  

• Self-Healing networks 

• Dynamic Resource allocation 

• Intent Based Management 

2 AI Native 6G and RAN 

Evolution 
• AI-RAN (AI powered Radio Access Networks). 

• Integrated Sensing and Communication (ISAC). 

• Software defined upgrades to 6G energy efficiency. 

3 Network Digital Twins and 

Simulation 
• Predictive Network modeling. 

• What-if scenario analysis. 

• Risk free testing of new configurations 

 AI-Powered Service Innovation • Personalized customer experiences. 

• Context-aware services via Networks APIs new revenue 

models 

 

The utilization of Artificial Intelligence and machine Learning in Telecom networking will shift from improvement to 

essential foundation, which will provide fully autonomous, self-optimizing network (AI-native networks) and highly 

personalized customer experience. 

 

Below services will be key future developments in utilization of AI and ML for Telecom networking: 

 

5.1 Autonomous Network Management:  

Networks will become self-driving and operating with a minimal human intervention (Zero-touch-operation). AI will 

manage complex functions like dynamic resource allocation, predictive maintenance, and fault resolution in real-time, 

this will reduce operation cost and service outages. 

 

5.26G Network Development: 

AI will be critical in the research, development and operation of 6G networks, powering essential functions in physical 

layer like advanced coding and modulation schemes. 

 

5.3Edge AI and Ultra-Low latency Applications: 

The expansion of Edge computing will allow AI to process data locally at edge of the network. This will support the 

requirement of ultra-low latency requirements fulfilment and reduction in bandwidth consumption. This will be the 

foundation of autonomous cars, IoT connected process control system in Industries and Smart cities development. 
 

5.4 Hyper-personalized customer experience: 

AI will analyse vast amount of customer data to provide customized services dynamic pricing, highly affective AI based 

virtual assistants. Generative AI will manage a portion of customer interactions, which will provide immediate and 

context support. 
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5.5Advanced Cyber security:   

AI will be influential in evolution of sophisticated security protocols, using machine learning to predict and prevent the 

cyber-attacks, detect anomalies in real-time and ensure strong protection for sensitive and confidential information data. 

 

5.6 Digital Twins for Network Management: 

Digital twins will become common to allow operators to simulate, test and optimize telecom networks changes and new 

services in a risk-free environment before physical deployment. 

6. CONCLUSION: 

In this technical research paper, we explored the idea to utilize Artificial Intelligence and Machine Learning for Telecom 

Networking. We gone thoroughly with the new technologies which can be utilized to enhance the development in 

telecom networking. This paper also explained that how we could reduce the utilization of bulky hardware and 

components from remote area data rooms and move them to a software-based network. We also understand that ultra-

low latency and reduction of bandwidth utilization is possible by using edge computing and processing the data at its 

origin and selective transmission of data to servers.  

 

We explored new technologies such as Network slicing, Intelligent Network, Intent based networking etc. to utilize 

them in modern era of telecom networking. The new and upcoming technologies will revolutionize the telecom 

industries to another level. Complexity of network configurations, CLI programming, will be handled by AI and ML 

software. Autonomous configurations based on desired services will take place, which will reduce the network outages 

significantly and same time it will have a huge cost reduction in development and expansion of telecom networking. 

 

We also analysed the benefits of AI and ML in telecom networking from self-healing, self-optimizing to autonomous 

maintenance and operation with minimal human interventions. By utilizing machine learning it will become easy to 

predict the faults, failure and outages of network before it happens and cost customer displeasure. AI provide customer 

centric services and learn their choices by analysing customer produced data. Digital twin is also discussed to construct 

a virtual network and check practicality of the system with possible cyber-attacks etc.  

 

There are many challenges as well in deploying AI and ML for telecom networking, mainly integrating with old systems 

with new and advanced systems, compatibility etc. Dirty data issues were also discussed. We have gone thoroughly with 

vendor and supplier requirements. We discussed Black Box and trust deficit issues. Expandability and accountability 

problems, when any critical network issues will come. We also discussed about the high cost in implementing new AI 

and ML technologies and also seen the cost reduction after implementation. We also studied security and privacy 

concerns in terms of cyber-attacks.  Skill-gap and organizational resistance is also discussed for replacing human 

intervention with AI and ML. 

 

Overall, we will be driven to utilize AI and ML for telecom networking in future and there is a requirement now to 

analyse and to be ready to adapt by organizations. Also, we have to do necessary arrangements and training to employees 

about new technologies such as AI, ML and Digital twin for making network models and checking out the practicality 

and threats as well. 

 

7. LIMITATIONS: 

Artificial intelligence and machine learning is offering tremendous potential for telecom network design, but 

the implementation is having many challenges from data quality issues to shortage of skilled manpower and 

trustworthiness of AI.  The integration of AI and Machine Learning into Telecom Network design brings significant 

challenges, primarily cantered on security, data management, technical integration and organizational adaptation. 
Below are major challenges in utilizing AI and Machine Learning in Telecom network design: 

 

7.1 The “Dirty Data” Problem 

The fundamental challenge of AI/ML models are only good for data they are trained on. 

• Data Silos: Network data of locked in different silos – radio access network (RAN), transport, core and 

customer management systems. Correlating this data to get a holistic view is extremely difficult. 
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• Data quality and Volume: Telecom networks generate tsunami of data, but much of it is noisy, 

unlabelled or inconsistent. Cleaning, normalizing and labelling this data for training requires massive 

computational and human resources. 

To overcome with this challenge:  

• We need to establish a single source of truth creates a centralized data lake or data fabric that ingests 

and unifies data from all network domains (RAN, Transport, Core) and operational system (OSS/BSS) 

this breakdown silos.  

• Enforcing strict data quality, labeling and standardization policies. Automate data cleansing and 

validation pipelines to ensure feeding the AI models. 

• We should start with specific problem (predicting the cell congestion) and identifying only the data 

sources relevant to that problem. This will make data preparation task and managing easy. 

 

7.2 Infrastructure and integration requirements: 

Telecom systems are not greenfield but having complex ecosystem of old and new technologies. 

• Integration with old systems: Operation support system (OSS) and Business Support System (BSS) 

were not designed for real-time, API- driven interactions that AI/ML requires. Retrofitting them is 

costly and complex. 

• Vendor Lock-in and Interoperability: Networks use equipment from multiple vendors, each with its 

own proprietary interfaces and management system. Creating AI solution that works seamlessly across 

all these domains is a major hurdle, often leading to vendor lock-in with a single supplier’s AI toolkit. 

To overcome this challenge: 

• We need to wrap up the old systems with modern systems to expose the data and functionality in a  

standardized way. This allows AI applications to interact with them without complete overhaul.  

• We should implement a hybrid strategy where AI/ML analytics run on a modern cloud platform which then 

sends actionable commands back to the legacy systems. This allows us to innovate without immediately 

replacing critical infrastructure. 

 

7.3 The “Black Box” Problem and Trust Deficit:  

Network operations are built on reliability and deterministic cause and effect understanding. 

• Expandability: When an AI model makes a critical decision (e.g., re-routing traffic or shutting down 

a suspected faulty component) network engineers need to know why. If a deep learning model cannot 

explain the reasoning, it is very difficult or humans to trust it with a live., revenue- generating network. 

• Accountability: If and AI driven decision causes a major network outage, who will be responsible? 

The lack of clear accountability for AI actions is a significant barrier to widespread adoption. 

To overcome this challenge: 

• By Choosing or developing the models that provide reasoning for their decisions. For instance, a model 

predicting a failure should highlight the contributing factors. 

• Implementing “Human in the Loop policy” by designing workflows where AI recommends actions and a 

human expert will approve and execute them especially for critical network functions. This will build trust 

between technology and human as well it will provide a safety net. 

• We should begin with assistive AI models and not with autonomous one. Start with AI tools that enhance 

human intelligence.  

 

7.4 High Computational cost and Latency Requirements:  

• Real-Time Vs Non-Real-Time: Many promising AI applications, like autonomous network healing or 

dynamic spectrum allocation, require near-instantaneous decisions. Running complex models at the 

edge with low latency is computationally expensive and challenging. 

 

• Training costs: The initial training of ML models on vast historical network data requires significant 

investment in GPU/CPU power, which directly impacts the return on investment (ROI). 
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7.5 Security and Privacy 

• Adversarial AI: Malicious actors can perform data poisoning attacks on training data or use evasion 

techniques to trick ML models during inference. For example, an attacker could learn how to generate 

network traffic pattern that evade security monitoring. 

• Data Privacy: AI models often require access to sensitive user location data and traffic patterns. 

Ensuring this data and traffic patterns. Ensuring this data is anonymized and handled in compliance 

with regulations like GDPR is paramount and technically challenging. 

 

7.6 The Skills Gap and Organizational Resistance: 

• Scarce Talent: The combination of deep expertise in both telecom networking and data science is rare. 

Telecom companies often struggle to attract and retain these specialized talents against competition 

from big tech. 

• Cultural Shift: Network operation teams are traditionally reactive (trouble ticket driven). AI requires 

proactive approach, data driven culture. This shift can be met with resistance from staff who fear 

automation will make their roles obsolete or who simply don’t trust the new technologies. 

To overcome this challenge: 

• Upskilling is required for existing workforce by investing in training programs to create “citizen 

data scientists” within network team. 

• Need to form AI squads including data scientists network architects and operation engineers to 

collaborate and ensuring practical solutions by having good knowledge transfer. 

• Need to collaborate with universities specialized in AI startups and system integra 

 

7.7 The Pilot Purgatory Problem: 

The telecom operator companies successfully running AI/ML, but they fail to scale. 

• Pilot to Production: Moving from successful small-scale pilot to full scale, production-grade network 

integration is a huge jump. It often reveals that data, integration and cost challenges that were hidden 

during the PoC phase.  

To overcome this challenge: 

• Treat AI as a product and not as project. From the beginning we need to plan for scalability, integration 

and ongoing maintenance. Secure long-term budget and sponsorships. 

• We need to adopt machine learning operations practices (MLOP). MLOP is a set of tools and processes 

for versioning data and models continuous training, automated deployment and monitoring model 

performance production. It’s the basic fundamental of industrializing AI. 
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