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Abstract — The rapid advancements in mobile service
technologies have significantly increased the number of
telecommunications infrastructure elements. Despite
this growth, infrastructure management largely remains
a manual process, with human intervention required to
assess the status of various network components. Key
performance indicators such as availability, reliability,
accessibility, integrity, and traffic management continue
to rely on human analysis, often leading to inaccurate or
delayed insights. This paper explores the potential for
adopting Artificial Intelligence (AI) to enhance the
management of telecommunications infrastructure,
focusing on how Mobile Network Operators (MNOs) can
integrate Al into their operational frameworks. The
study particularly examines how Al can be effectively
applied in multi-vendor environments, where MNOs
typically manage infrastructure from diverse suppliers.
By leveraging AI, MNOs can automate the analysis and
monitoring of network elements, allowing for real-time,
data-driven decision-making. This transformation
would not only improve operational efficiency but also
drive increased revenue, enhance user experience,
expand customer bases, and enable proactive network
monitoring. The findings highlight the immense
potential of Al in revolutionizing the way
telecommunications  infrastructure is managed,
ultimately ensuring more reliable and optimized
network performance.
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1. INTRODUCTION

The telecommunications industry is regulated by
national governments as well as international
organizations. Globally, the primary standard-setting
bodies include the International Telecommunication
Union (ITU), the International Organization for
Standardization (ISO), and the International Electro
technical Commission (IEC). Advances in technology,
growing subscriber numbers, evolving user behavior,
government  policies, and the cost of
telecommunications equipment all contribute to
changes in the industry’s structure. Rapid
technological developments can render existing
systems obsolete. Nevertheless, as
telecommunications networks and facilities continue
to expand, the reliance on computers and diverse
applications becomes increasingly essential [1, 2]
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Depending on the type of network, the definition of
Busy Hour (BH) can vary, as traffic flow changes [3].
It is therefore essential to monitor the performance and
quality of service of telecommunications
infrastructure. Key Performance Indicators (KPIs)
serve as the most important business metrics in the
telecommunications industry [4]. When assessing
market expectations, several KPIs are typically
considered. In Zambia, the standards for KPIs are
established by the Zambia Information and
Communications Technology Authority (ZICTA), a
government regulatory body. The country has four
mobile network operators, all of which are regulated
by ZICTA. As of June 2023, the total number of
operational telecommunications sites continued to
grow [5], and the expansion of 3G, 4G, and 5G sites is
expected to continue in order to further enhance the
quality of service

Digital transformation has brought significant
changes to the telecommunications industry,
highlighting the growing importance of data analysis
[6]. The industry relies heavily on various types of data
analysis to define Key Performance Indicators (KPIs)
that influence network performance, customer
experience, and profitability. KPIs help mobile
network operators evaluate their progress in relation to
established goals. Today, telecom providers need a
systematic way to monitor their operations
continuously to reduce costs and optimize revenue
streams, making KPIs an essential tool.

A. Problem Statement

Despite the continued advancements in
Technology and the demand for more
telecommunications infrastructure, management of the
infrastructure and the associated Key Performance
indicators has remained manual. Mobile network
Operators (MNOs) heavily rely on human intervention
for network surveillance and analysis of the Key
Performance indicators. Unfortunately, the manual
intervention leads to delays in escalating the failures,
inefficiencies and the risk of sharing incorrect
information.

In a typical telecommunications network, many
nodes are connected to each other [7]. Managing and
integrating these network elements manually has
always been challenging because the process is time-
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consuming, prone to mistakes, and expensive.
Traditionally, network monitoring has been reactive,
with problems often discovered only after they occur,
leading to longer downtime and a decline in Quality of
Service (QoS). To address these challenges, the use of
artificial intelligence is increasingly being explored as
a way to make network management more proactive
and efficient.

B. Objectives

One of the most significant advantages of Artificial
Intelligence in Monitoring Telecommunications
Infrastructure is the ability to predict failures [8].
Artificial Intelligence (AI) driven monitoring tools
significantly improve incidence management because
large amounts of data from the various elements is
analysed to determine or identify the issues [8].

The following are the objectives of this paper:

1. To analyze the efficiency in the monitoring of
the nodes and the Key Performance Indicators.

2. To evaluate the effectiveness of Artificial
Intelligence (AI) in the Management of
Telecommunications infrastructure.

3. To assess the limitations of the manual
infrastructure management currently being
deployed by the Mobile Network Operators.

4. To evaluate the potential of Artificial
Intelligence  in  Automating  Network
Monitoring and performance analysis.

5. To Evaluate the potential impact of
Artificial Intelligence on system Efficiency
and customer satisfaction.

6. To Explore the integration of Al (Artificial
Intelligence) technologies into multivendor
network environments.

IL. LITERATURE REVIEW

The Telecommunications infrastructures are
critical and more and more applications rely on well
performing, reliable and always available

Telecommunications services [9]. The diagram below
shows the distribution of mobile sites.
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Fig — 1. Distribution of Mobile sites. Source, ZICTA
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The emergence of Artificial Intelligence (AI)
applications has changed the Telecommunications
Sector and the risks associated with it. Companies are
increasingly adopting Artificial Intelligence to offer
solutions to many Challenges associated with manual
systems [9]. Al has the potential to revolutionize the
way Telecommunication companies operate [9, 10] Al
applications have specific characteristics that can pose
risks Telecommunications Infrastructure [11, 12].
Various Al applications interact with each other, and
with people [11]. It is therefore important to assess how
Al is applied in the Telecommunications sector at a
systematic level [11].

Below are companies which have adopted AL

i) AI Superior

Al Superior is a software development company
that specializes in delivering tailored Al solutions
designed to meet the needs of the
telecommunications sector. Al Superior focuses on
empowering innovation through Al technologies,
offering services such as Al consulting, software
development, and machine learning model
deployment to help businesses automate operations
and optimize decision-making processes [13].

ii) Ericsson

Ericsson, a global telecommunications company
headquartered in Sweden, is at the forefront of
integrating Al into telecom operations [14]. Their Al-
driven services aim to enhance efficiency, reliability,
and performance across networks. Ericsson employs
Al to optimize network operations, manage traffic,
and improve customer experience. Their Al solutions
support the deployment of 5G networks and device
management, which are crucial for the evolving needs
of the telecommunications sector. Additionally,
Ericsson's Al portfolio includes tools for automation,
predictive maintenance, and advanced analytics [15].
iii) SAS

SAS provides advanced Al solutions for the
telecommunications industry, helping organizations
automate processes and predict customer behavior. By
leveraging Al, SAS enables telecommunications
companies to extract valuable insights from large
datasets. Their Al solutions are designed to integrate
with other systems, ensuring efficiency across
operations. SAS's Al capabilities include fault
detection and network automation, assisting
telecommunications companies in  improving
decision-making processes [16].

iv) XenonStack

XenonStack offers Al-driven solutions for the
telecommunications sector, focusing on autonomous
operations and 5G network management. Their Al
services include automated support and advanced
customer care solutions, enhancing service delivery
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and operational efficiency. XenonStack's approach
integrates big data analytics and machine learning to
handle operations at scale, providing real-time
insights and automation to improve network
performance and customer experience [17].

I1I. METHODOLOGY

This paper adopts the qualitative research approach
supported by case-based analysis to explore the
integration of Artificial Intelligence (AI) in
telecommunications infrastructure management. The
methodology is structured to understand the current
practices, assess the feasibility of Al adoption, and
identify practical benefits and challenges faced by
Mobile Network Operators (MNOs), especially in
multi-vendor environments.

A. Research design

The study employs a descriptive qualitative
research design aimed at exploring the integration of
Artificial Intelligence (Al) into telecommunications
infrastructure management. The descriptive design
allows for a comprehensive understanding of current
practices, technology readiness, and the contextual
challenges faced by Mobile Network Operators
(MNOs) [18].

Through this approach, the research captures
detailed insights from selected case studies and
industry reports, offering a real wide view of Al
applications in network fault detection, predictive
maintenance [19]. The design is particularly suited for
uncovering patterns and perceptions.

B. Case Selection

This study focusses on three leading MNOs in
Zambia, which are Zamtel, Airtel and MTN. The cases
below were selected for the following reasons:

e They provide practical examples of
infrastructure management in both Manual and
semi-automated environments.

® They represent diverse operational strategies
and infrastructure investment models

e They operate in a shared national context,
allowing for meaningful comparison

C. Data collection methods
Data for this paper was obtained from a
combination of primary and secondary sources.

® Document Review — Policy report, ITU
publications and MNO operational reports
were reviewed to understand global and local
Trends in Al adoption.

e Key informant Insights — This is informal
expert opinions and experiences from within
the telecoms sector were considered.
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® (Comparative Case Data — Each MNO
operational model was analysed based on
available  information regarding fault
detection, incident response and customer
experience management.

The information was gathered from academic
journal, documentation from Huawei, ZTE, Ericsson
and ZICTA. These sources provided insights into Al
capabilities, industry practices and case studies of Al
implementation [17, 20].

Informal interviews were held with the various
stakeholders such as Engineers, NOC Managers, NOC
Team leads and Network Performance Engineers.

D. Data analysis

This paper focused on the qualitative analysis
which involved the following:

® Coding Data from documents and cases into
categories such as current practices, Al
opportunities and implementation Challenges

® [dentifying recurring patterns across the three
MNOs to highlight similarities and
divergences in approaches

® Mapping findings to existing Al frameworks.

This process ensured that both the technical
dimensions and organizational dimensions were
captured.

Data for this study was obtained from a
combination of primary and secondary sources,
allowing for both breadth and depth in understanding
the integration of Artificial Intelligence (AI) in
telecommunications infrastructure management. The
triangulation of multiple data sources strengthened the
reliability and validity of the findings.

i) Document Review

A systematic review of existing literature was
carried out to establish a foundation for the study.
Sources included policy reports, International
Telecommunication Union (ITU) publications,
scholarly articles, industry white papers, and MNO
operational reports. The review helped to:

® Trace global and regional trends in Al adoption
within the telecom sector.

® Understand regulatory perspectives and standards
shaping Al applications in network management.

® Benchmark Zambian MNOs against international
practices, identifying gaps and opportunities.

ii) Key Informant Insights

To supplement documentary evidence, informal
expert opinions and practitioner experiences from
within the telecommunications sector were considered.
These insights were obtained through professional
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discussions, industry forums, and consultations with
individuals directly involved in network surveillance,
infrastructure management, and customer experience
operations. Key informants provided:

e First-hand knowledge of the operational challenges
faced by MNOs.

® Perspectives on the feasibility and readiness for Al
adoption.

® Practical insights into the cultural and
organizational barriers that hinder innovation in
infrastructure management.

ii) Comparative Case Data

A comparative case study approach was applied to
three major MNOs in Zambia: Zamtel, Airtel, and
MTN. Each operator’s operational model was
analyzed using publicly available data, industry
reports, and internal operational insights where
possible. The analysis focused on:

Fault Detection and Resolution that is Examining how
faults are currently identified and addressed, and the
potential for Al-driven predictive maintenance.

Incident Response — Assessing the efficiency of
existing processes for outage management, escalation,
and restoration of services.

Customer Experience Management — Reviewing
strategies used to enhance service quality and
minimize downtime, and the extent to which Al could
improve proactive engagement.

Multi-vendor Environment Dynamics — Evaluating
how diverse vendor systems complicate integration
and how Al could act as a unifying layer.

iii) Triangulation of Sources

By combining document reviews, expert insights, and
comparative case analysis, the study ensured that
findings were multi-dimensional. This triangulated
approach reduced bias, provided cross-validation, and
helped generate a more nuanced understanding of the
potential for Al adoption in telecommunications
infrastructure management.

E. Evaluation Framework

To assess the feasibility and potential for Al
adoption, the study focused on three different aspects

J Operational efficiency: This was all
about measuring how Al could reduce
Mean Time to Repair (MTTR), improve
availability and enhance proactive fault
management

J Scalability: Evaluation on how Al
systems can function in multi-vendor
environments without creating
dependency.
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[ Organizational =~ Readiness:  Assess
whether the MNOs have the necessary
structures and skill to adopt Al driven
solutions

F. Limitations

While the qualitative provides very good insights,
the study is limited the availability of public data from
MNGOs.

The collected data was thoroughly analysed and
conclusions drawn. The analysis focused on how Al
tools can enhance infrastructure reliability, reduce
manual workload, and improve decision making [21].
The diagram below shows use cases on the adoption
rate of Al by Mobile Network Operators.

Customer Support

Others

15.0%
10.0%

Fraud Detection

15.0%

35.0%

Network Monitoring 25.0%

Predictive Maintenance

Fig 2. Al Adoption Use Cases

G. case study review

In reviewing selected cases studies from Zamtel,
Airtel and MTN, the goal was to benchmark success
factors in Al adoption and identify best practices.
While none of these operators have implemented Al
specially for infrastructure management, their broader
use of Al in adjacent operational areas offers useful
insights and signal readiness for deeper adoption,

Zamtel: Although AI has not yet been applied to
infrastructure operations, Zamtel has begun digital
transformations efforts focused on improving
customer service. The has relied on Traditional
network management tools but has shown interest in
predictive.

Airtel: Across its operations, Airtel successfully
deployed Al in Customer service through various
platforms, and this has significantly reduced support
turnaround times. However, its infrastructure
operations including tower management and network
rollout remain largely manual or dependent on
traditional analytics.
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MTN: MTN has made considerable progress with Al
in areas such as customer analytics. Just like the other
service providers, the management of
Telecommunications infrastructure remains manual.

While Zamtel, MTN, and Airtel have not yet adopted
Al for infrastructure management specifically, their
experience highlights a number of relevant best
practices:

e Foundational digital infrastructure, such as
cloud platforms and centralized data farms

® C(Cross functional collaboration between IT,
network and Operations teams

The selected case studies from other vendors who have
implemented Al solutions were reviewed for the sole
purpose of benchmarking the success factors and
highlight the best practices. The cases illustrated how
MNOs achieved proactive monitoring and improved
network availability [22, 23]

The diagram below shows how the adoption of Al had
been increasing from 2018 to 2024.

Al Adoption
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Fig 3. Comparison on Al adoption

Source: Tech point Africa.

The diagram below shows the adoption of Al by the
Mobile Network Operators in Zambia.

Al Adoption Rate by MNO
100

Adoption Level (%)

Zamtel MTN
Mobile Network Operators
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Fig 4. Al Adoption levels
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H. DISCUSSION ANDS FINDINGS

While Mobile Network Operators (MNOs) have
increasingly leveraged Al for customer-oriented
services such as Chabot’s, billing and offers, the
adoption of AI for managing telecommunication
infrastructure has lagged behind. In the case of Zamtel,
Airtel and MTN, the day-to-day management of core
network infrastructure which includes fault detection,
performance Monitoring and planning remain largely
manual. This reliance on human intervention often
results in longer Mean Time to Repair (MTTR) and
lower/ poor network availability which directly affects
customer experience and revenue.

The lack of Al driven infrastructure management also
limits operator’s ability to predict network failures,
automate routine maintenance, and optimize resource
allocation. If fully integrated and implemented, Al
could enable proactive fault detection, dynamic load
balancing and alarm correlation. For MNOs like
Zamtel, Airtel and MTN, this presents a great
opportunity. Leveraging Al does not only enhance
network reliability but also reduce operational costs.

1V. CONCLUSION

In Conclusion, while MNOs like Zamtel, Airtel and
MTN have embraced Al in certain service areas,
telecommunications  infrastructure =~ management
remains largely manual, creating inefficiencies and
affecting service reliability. There is a clear
opportunity for these operators to leverage Al
technologies to automate fault detection, optimize
resource allocation and predict network failures.
Adoption of Al in infrastructure management is not
only essential for reducing MTTR and improving
availability but also critical for supporting future
network expansion.

V. RECOMMENDATION

Based on the findings, the following are proposed
to guide Mobile Network Operators (MNOs),
policymakers and other stakeholders in advancing the
adoption  of  Attificial  Intelligence  (Al)
telecommunications infrastructure management:

e Strengthen Al Readiness and Capacity
Building: MNOs should invest in training and
upskilling Engineering in Al, data science and
automation tools to reduce overreliance on
manual processes.

® Develop Al Adoption Frameworks: ZICTA
should collaborate with MNOs to create the
national Al adoption roadmaps that set
standards, policies, and ethical guidelines for
Al use in telecoms.

® Enhance Data Management and Governance:
MNOs should establish robust data collection
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