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Abstract:  
 

Digital exclusion remains a pervasive barrier to economic participation, education, 

healthcare access, and social inclusion for billions globally. Artificial intelligence-

driven Business Support Systems within telecommunications represent a transformative 

opportunity to advance digital equity and accessibility through automated, affordable, 

and inclusive service delivery. This research examines the convergence of AI 

technologies with BSS architectures to address affordability barriers, operational 

inefficiencies, and service accessibility challenges confronting underserved populations. 

The global Digital BSS market, valued at $7.9 billion in 2024, demonstrates an 11.8% 

compound annual growth rate toward $15.4 billion by 2030, driven substantially by 

cloud-native deployments and AI integration. Key findings reveal that AI-driven 

customer service automation manages 80% of routine inquiries, achieves 87.2% 

positive user acceptance, and reduces revenue leakage by 30-40% within the first 

implementation year. Concurrently, 2.6 billion individuals remain offline globally in 

2024, with 1.8 billion residing in rural areas where deployment costs exceed urban 

equivalents by 200-300%. This synthesis establishes that AI-enabled BSS platforms 

deliver measurable improvements in affordability, service velocity, fraud prevention, 

and multilingual accessibility, positioning telecommunications as a critical enabler of 

humanitarian outcomes and societal advancement. 

 

1. Introduction 
 

Digital divide is one of the most burning 

socioeconomic problems of modern times which in 

its essence limits access to economic opportunity, 

quality education, primary healthcare services, and 

voter engagement of vulnerable groups in every 

corner of the globe. Business support Systems (BS) 

or the operational back-bone of telecommunications 

networks that handle customer relationship 

management, billing, revenue assurance, product 

cataloguing and order fulfilment have traditionally 

existed as complex, siloed architectures that 

maximize revenue over the inclusive service 

provision. The advent of artificial intelligence 

technologies embedded in the BSS platforms 

introduces a paradigm shift such that 

telecommunications operators can achieve 

efficiency in operations, lower the costs, curb the 

revenue leakage, and extend the affordable and 

accessible services to the marginalized groups (Al-

Surmi et al., 2022). 

Digital exclusion is so widespread that it requires 

immediate action. By 2024, the world had to do 

with some 2.6 billion people who had no Internet, 

and 1.8 billion of them were located in the rural 

areas that were densely populated by sparse 

populations, challenging topographies, and 

economically incompetent deployment conditions. 

22.3 percent of the rural population, 27.7 percent of 

the population in Tribal Lands (in the United States 

all by itself) had no fixed terrestrial broadband 

access, as compared to only 1.5 percent of urban 

dwellers. These inequalities do not only limit 

infrastructure access but also affecting affordability, 

digital illiteracy and inadequate service quality that 

continue to exclude people even where access 

theoretically exists (Borges et al., 2021). 

Intelligent automation, dynamic pricing, predictive 

analytics, fraud prevention functionality, and 
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multilingual support systems are the AI-based 

approaches employed by BSS platforms to lower 

operational expenses and increase the 

personalization of service and its accessibility. The 

global market of the Digital BSS has reached 7.9 

billion in 2024 and 15.4 billion in 2030, and it 

shows rapid industry acceptance of these 

capabilities. This growth trend, with a compound 

annual growth rate of 11.8% is driven by the 

migration to cloud-native architecture, adoption of 

microservices at 62% of all deployments and AI-

implementation permeating 63.5% of 

telecommunications BSS functions. 

 

 2. Conceptual Foundations and Historical 

Context 

2.1 Business Support Systems: Evolution and 

Architecture 
 

Business Support Systems were the result of the late 

20th century telecommunication networks moving 

out of the monopolistic, government-run networks 

and the competitive, customer-driven service 

providers. Early BSS designs were monolithic 

applications that executed individual functions: 

billing systems nexted charges according to the 

records of usage, customer relationship 

management systems stored information about the 

subscribers and product catalogs defined the 

offerings of the services. These systems worked 

separately and they had to manually reconcile their 

data, run batch processes and exception handling 

was done by a large number of people. The 

restrictions of the legacy BSS became even more 

unsustainable as the telecommunications services 

became diversified and encompassed not only voice 

telephony but also mobile data, broadband Internet, 

content streaming, Internet of Things connection, 

and enterprise solutions. The intricacy of 

convergent billing, including the handling of 

prepaid and postpaid accounts, multidimensional 

types of services and partner revenue sharing, and 

flexible price models was beyond the abilities of the 

inflexible, vendor-locked legacy systems. The 

operators had long-time delays to market with new 

services, billing discrepancies and fraud were 

costing them 1-3% of revenue, and customers were 

unsatisfied because of errors in billing, delayed 

provisioning, and lack of self-service (Borges et al., 

2021). 

 

2.2 Digital Equity as a Humanitarian Imperative 
 

Digital equity is more than just the ability to 

provide the connectivity, but it includes five 

dimensions that are interdependent and expressed 

in current frameworks, namely access (availability 

of physical infrastructure), availability (the 

presence of reliable services), adequacy 

(performance to meet current standards), 

acceptability (cultural and linguistic 

appropriateness), and affordability (economic 

accessibility). The limited policy orientation on 

infrastructure implementation has produced partial 

results, linking communities without being cost-

effective, culturally attentive, and capable of 

supporting bandwidth-intensive activities like 

telehealth, distance learning, and economic 

engagement. Obstacles related to affordability are 

especially difficult to overcome. The costs of rural 

connectivity deployments are twice those of an 

urban equivalent in terms of infrastructure costs, 

and three times higher in terms of continued 

operation, and possible revenues are a tenth of 

those in urban areas because the population is not 

concentrated. These economic facts encourage 

telecommunications practitioners to focus on urban 

markets, continuing to exclude those communities 

that are most vulnerable to connectivity to the 

greatest socioeconomic effects. Satellite-based 

solutions such as Starlink, while technologically 

viable for remote areas, impose monthly fees of 

$139 and terminal costs of $599, placing services 

beyond reach for lowest-income households that 

would benefit most profoundly from connectivity 

(Brock et al., 2019). 

3. AI-Driven BSS: Technical Architecture 

and Capabilities 

3.1 Cloud-Native Microservices Architecture 
 

Current AI-enabled BSS systems are radically 

different than legacy monoliths with cloud-native 

designs based on containerized microservices, API-

based integrations, and distributed processing 

models. By 2024, 62% of OSS/BSS deployments 

were based on microservice architectures, with the 

ability to deploy in a modular way, to independently 

scale components and to develop features quickly 

without being limited by the dependencies of 

traditional systems. Cloud deployment models had a 

market share of 63.4 which was because of the 

benefits of scaling, less capital expenditure, 

automatic updates and improved capabilities in 

recovering disasters. These architectural changes 

provide zero touch activation of 60 percent of 

service activations, minimized manual involvement, 

service activation in minutes rather than days, and 

eliminated human error, which leads to revenue loss 

and customer frustration. The automation of 

processes is over 50% in the BSS functions, and the 

AI integration is boosting issue resolution 37% 
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using predictive analytics, automated root cause 

analysis, and intelligent workflow orchestration 

(Brock et al., 2019). 

 

3.2 AI-Powered Customer Engagement and 

Service Automation 
 

Artificial intelligence is altering the customer 

engagement with the help of chatbots that use 

natural language processing, sentiment analysis, 

predictive churn modelling, and recommendation 

engines. According to the results presented in Table 

2, AI chatbots effectively handle 80 percent of 

common customer requests and have 87.2 percent 

positive or neutral user ratings and 69 percent of 

satisfaction with the latest communication. These 

systems provide 24/7 multilingual support, which is 

the most significant feature in the views of 64 

percent of customers, removing language barriers 

and time restrictions of access, which have a 

disproportionate impact on underserved groups 

(Canhoto et al., 2020).  

 

Responsiveness expectations of customers are 

consistent with AI performance: 59 per cent expect 

chatbot responses within five seconds, which cannot 

be achieved with human-operated support centers 

but is regularly achieved by AI systems with 

milliseconds latencies. Implementation of AI has 

average Customer Satisfaction Score of 12 percent, 

response time of 30 percent and automation of as 

many as 70 percent of customer inquiries, releasing 

human agents to handle intricate and empathy-

needing engagements that cannot be automated 

(Canhoto et al., 2020).  

 

3.3 Revenue Assurance and Fraud Prevention 
 

Revenue leakage which has cost 

telecommunications operators an average of 1-3 

percent per year and each leakage has a financial 

cost of an average of 10-14 million of profits is 

both a loss of profitability and an equity problem as 

the losses are often compensated by raising the 

prices of all customers. The AI-controlled revenue 

assurance systems deal with this by providing real-

time anomaly detection, cross-system 

reconciliation, predictive fraud detection, and 

automated bill validation. Conventional methods of 

revenue assurance used manual audits and rule-

based mechanisms, which identify discrepancies 

weeks or months after they happen when fixing 

becomes a complicated situation and recovery of 

revenue is unlikely. Millions of transactions are 

analyzed by AI systems, and in just seconds, 

machine learning models detect anomalies and 

inform about the observations of patterns that 

reveal indications of billing errors, fraudulent SIM, 

interconnect settlement errors, and service delivery 

failures. The first-year adoption of AI-based 

revenue assurance will lower the rate of leakage by 

30-40 percent, billing accuracy will increase 5 

percent monthly, and fraud detection will switch to 

preventive rather than the investigative real-time 

detection (Chowdhury et al., 2023). 

4. Market Dynamics and Adoption 

Trajectories 

4.1 BSS Market Growth and Regional 

Distribution 
 

Digital BSS market has a strong growth potential 

with growth of 11.8 percent as strong growth on a 

CAGR basis of Digital BSS market is projected to 

grow to $15.4 billion by 2030 as compared to 2024 

which stands at $7.9 billion. The growth segment is 

a subset of the larger OSS & BSS market that will 

be worth $65.81 billion in 2024, but will be worth 

$148.26 billion in 2033 with a 9.4% CAGR. BSS 

segment has a dominant market share of 57.9% in 

2025, which is because of the focus on customer-

facing functions, upgrade billing, and revenue 

management rather than network operations 

systems (Dwivedi et al., 2021).  

North America has the highest market share of 

35.6-39.7% due to the advanced 

telecommunications infrastructure, high rates of 

enterprise AI adoption, and friendly regulatory 

policies that balance innovations with regulation. 

Nevertheless, there are new opportunities in high-

growth areas of Asia Pacific, Africa and Latin 

America where operators can skip any investment 

on a legacy system, and move directly to cloud-

native and AI-enabled BSS-as-a-service models that 

facilitate digital payments, microtransactions, and 

rural connectivity programs at all (Dwivedi et al., 

2021). 

 

4.2 Technology Convergence: 5G, IoT, and 

Digital Ecosystems 
 

The combination of 5G networks, the surging 

number of Internet of Things devices, and the 

growth of digital ecosystems require BSS 

capabilities that are much beyond what the legacy 

systems could support. Network slicing, which is 

the 5G feature of supporting the virtual and isolated 

network parts optimized around different use cases, 

needs real time, policy-driven charging engines and 

adaptive partner settlement frameworks. The 

industrial IoT deployments require event-driven 

monetization to maintain billions of low-value 

transactions, microbilling, and fully automated 
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partner revenue sharing. Advanced monetization 

models are made possible by AI-driven BSS 

platforms, including flexible product catalogues, 

real-time rating engines and convergent charging 

which integrates prepaid, postpaid and hybrid 

billing into single platforms. Operators that upgrade 

to these features are at the competitive position to 

win enterprise contracts, B2B2X relationships, and 

new income streams beyond the traditional 

connectivity services to include platform services, 

data analytics, and vertical solutions (Füller et al., 

2022). 

 

5. The Digital Divide: Quantitative 

Dimensions and Systemic Barriers 

 

5.1 Global and Regional Connectivity Gaps 
 

Digital exclusion is experienced in mind-bending 

proportions worldwide and has massive 

geographical, demographic, and socioeconomic 

aspects. According to Table 3, by the year 2024, 2.6 

billion people would still be offline, and 1.8 billion 

of them would be in rural areas where the use of 

traditional infrastructure would not be 

commercially viable.  

United States data reveals stark disparities: rural 

residents face 15-fold higher unconnected rates 

than urban counterparts (22.3% versus 1.5%), while 

Tribal Land populations experience the most severe 

exclusion at 27.7%. These gaps persist despite 

decades of universal service policies, reflecting the 

inadequacy of infrastructure-centric approaches that 

fail to address economic viability challenges 

confronting operators in low-density markets 

(Haefner et al., 2021). 

 

5.2 Economic and Operational Barriers to Rural 

Connectivity 
 

Telecommunications operators in the rural markets 

face economic calculus that is a severe challenge. 

The cost of installing base stations and fiber 

infrastructure in rural areas is about twice that of 

urban areas because of the scattered population, 

rugged terrain, longer cables and the abundance of 

other supporting facilities like reliable power and 

backhaul connectivity. The complexity of 

maintenance, longer service areas and the reduced 

utilization rates spread the fixed costs over fewer 

subscribers increasing the operating costs to triple 

urban levels. 

 At the same time, the number of potential revenues 

is still ten times less than urban markets, which 

indicate both the thinness of the population and the 

low average level of income that limits the 

expenditures on telecommunication services and the 

lack of enterprise customers who create business 

services with high margins in a city. Such a 30:1 

cost-revenue ratio makes traditional business 

models commercially unsustainable, encouraging 

operators to focus on city markets where 

infrastructure projects can give them positive 

returns in a reasonable time frame (Jarrahi, 2018). 

 

5.3 Affordability as a Multidimensional Barrier 
 

The affordability of connectivity is not only limited 

to monthly service charges but also includes the 

cost of devices used to coordinate health activities, 

electricity to charge and operate the devices, data 

plan models, and digital literacy investments to 

make efficient utilization possible. Satellite-based 

technology that provides the technical feasibility of 

remote connectivity is prohibitively expensive: 

Starlink costs $599 to purchase terminal equipment 

and 139 a month, which is more than monthly 

household incomes in most rural areas of the world. 

Even terrestrial broadband, which seems to be 

theoretically affordable at national average prices, 

absorbs inequitable amounts of low-income 

household income, and creates trade-offs between 

connection and other needs. 

The barriers brought by prepaid mobile services, 

which are dominant in emerging markets and 

prevailing among low-income populations, are 

further aggravated by the structure of data plans, 

which are unfavourable to the small, frequent 

purchases, which are priced at a higher rate than 

postpaid unlimited plans, which are only available 

to the subscribers passing credit checks and willing 

to invest in higher monthly commitments. These 

institutional injustices keep up the digital divide in 

infrastructure-linked communities, which highlights 

the need to deploy AI-based BSS abilities to allow 

flexible pricing, microtransactions, and adaptive 

affordability mechanisms (Kar et al., 2021). 

 

6. AI-Driven BSS for Digital Equity: 

Implementation Strategies 

 

6.1 Flexible Pricing and Dynamic Affordability 

Models 
 

Intelligent BSS systems facilitate more advanced 

pricing approaches that cannot be achieved with 

traditional systems such as income-based tiering, 

usage-based discounts, community aggregation 

models and time-of-day pricing that will save costs 

in situations where network capacity is 

underutilized. The algorithm of machine learning 

evaluates the use trends, payment history, 
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demographic data, external socioeconomic 

information of the customers to determine the 

presence of affordability restrictions and to 

automatically impose specific subsidies or more 

lenient payment conditions to avoid disconnection 

to the service.  

This functionality is of use to microtransaction 

models especially when dealing with lowest-income 

populations where data can be purchased in 10-

Megabyte chunks, and payment can be aligned with 

the excessively skewed income distribution typical 

of informal economic activity. These 

micropayments are processed automatically by real-

time charging engines and are profitably made via 

volume whilst reaching many previously locked out 

populations that would not otherwise be reached by 

traditional billing systems (Keding, 2021). 

 

6.2 Automated Customer Onboarding and KYC 

Processes 
 

The customer onboarding and Know Your 

Customer verification processes used to be highly 

restrictive to underserved groups that do not have 

formal identification documents, permanent 

addresses, credit history, and skills in official 

languages.  

The AI-driven identity verification uses biometric 

authentication, mobile money transaction history, 

social network, and other sources of data that allow 

customers to be enrolled without traditional 

documentation policies. Document processing 

involving natural language processing and optical 

character recognition is automated where there is 

physical identification of the document whereas 

machine learning fraud approaches determine the 

validity of applications without necessarily having 

to consider the credit scoring system which is 

known to systematically discriminate against 

underbanked populations. These automation 

processes shorten onboarding times, which used to 

take days, remove human biases that can 

discriminate against marginalized candidates, and 

drive the customer acquisition costs significantly 

lower to allow the delivery of services in 

economically viable manners to new, untapped 

markets (Kitsios et al., 2021). 

 

6.3 Multilingual AI Support and Digital Literacy 

Integration 
 

In the linguistically diverse areas, language barriers 

are major barriers to access within 

telecommunication customer service where the only 

languages are dominant languages and others left 

out include the indigenous people, new immigrants 

and their minority lingual counterparts. The AI 

chatbots implemented in BSS platforms facilitate 

multilingual conversations by using the neural 

machine translation, culturally modified dialogue 

flows, and voice recognition interfaces to 

accommodate users with low literacy or visual 

challenges (Makowski et al., 2021). Combining 

digital literacy courses into self service portal 

changes BSS platforms into learning tools with 

interactive tutorials, guided troubleshooting and 

progressive disclosure of advanced functionalities 

as the user grows competent. This native literacy 

aid meets the aspect of acceptability of digital 

equity, by making connectivity access is converted 

to a meaningful use potential, as opposed to a 

technical one (Mikalef et al., 2021).  

 

6.4 Revenue Assurance Protecting Affordability 
 

The AI-based assurance systems are used to prevent 

revenue leakage, which ensures that the operators 

continue to be profitable and at the same time do 

not have to add prices to the customer base to 

compensate losses. The implementation of AI will 

decrease revenue leakage by 30-40% during the 

first year, recover 1-3% of annual revenue due to 

proactive detection, and shift the fraud detection 

process to reactive investigation to real-time 

prevention, as described in Table 4.5 percent 

monthly billing accuracy mitigation eradicates 

customer disputes based on incorrect charges and 

lowers the overhead cost and customer frustration 

which disproportionately impacts low-income 

subscribers who lack time or resources to navigate 

through the dispute resolution process. Real-time 

fraud detection and prevention supersede victims 

facing loss by trying to recover it after the fact 

which is a paramount difference since fraud is 

disproportionately committed against vulnerable 

populations via SIM-swap attacks, identity theft, 

and subscription fraud (Mikalef et al., 2021).  

7. Operational Transformation and Business 

Impact 

7.1 Process Automation and Efficiency Gains 
 

The integration of AI into BSS platforms is the 

source behind the significant operational 

efficiencies in Table 5 that allow 

telecommunications operators to save on costs, 

speed-up the delivery of services and redirect 

human resources to high-value tasks that cannot be 

automated (Motamary, 2024).  

A higher automation rate than 50% translates to a 

reduction in the number of people in the company, 

reduction in the number of errors and an increased 

amount of throughput that could allow operators to 
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handle increasing numbers of customers without 

increasing staff in proportion. Zero-touch 

provisioning with 60 percent of service activations 

speeds up provisioning by removing manual 

configuration steps, adding delays, errors and 

inconsistent service quality, which can be 

particularly helpful in underserved markets where 

such as operator presence is a constraint and remote 

provisioning is necessary (Perifanis et al., 2023).  

 

7.2 Time-to-Market Acceleration and Innovation 

Velocity 
 

Older BSS systems had time-to-market delays of 

months to launch new services, new bundle 

configurations of services or price changes and 

limited operator responsiveness to competitive 

forces or changing customer demands. These 

timescales are reduced by low-code configuration 

features of the current AI-based BSS systems to 

weeks or days, allowing quick experimentation, 

A/B testing of pricing policies, and localized service 

customization to meet local community 

expectations.  

Such a speed of innovation is especially useful in 

digital equity efforts that need customized solutions: 

community-based affordability services, 

collaborating with community organizations in 

accessing digital literacy, integrating with mobile 

money services popular with unbanked 

communities, and billing connectivity along with 

other necessities, like agricultural information, 

healthcare tele-triage or educational content 

(Truong et al., 2022). 

 

7.3 OPEX Reduction and Financial 

Sustainability 
 

The implementation of digital BSS leads to 15-25% 

operational expenses through direct financial 

improvement of rural and underserved market 

operations whereby thin margins limit service 

delivery. These savings are based on a variety of 

factors: automating manual operations, lessening 

revenue leakage, higher first-call resolution rates to 

reduce the volume of repeat contacts, adoption of a 

self-service portal to reduce call center workload, 

and operational efficiencies of the clouds that avoid 

hardware maintenance and the cost of data centers. 

Long-term commitment to underserved markets can 

only be achieved through financial sustainability as 

opposed to periodic deployments based on 

temporary subsidies or regulatory requirements. 

Operators who manage to become profitable by 

operating efficiently can invest in more coverage, 

capacity investments and service improvement, 

which creates virtuous cycles where the ability to 

experience economic activity creates more demand 

and justifies further investment (Trunk et al., 2020). 

 

8. Case Studies and Implementation Models 

 
8.1 Emerging Market Leapfrogging Strategies 
 

Africa, Southeast Asia, and Latin American 

telecommunications operators are increasingly 

moving to the BSS-as-a-service model, and not 

investing in legacy systems, instead using cloud-

native, AI-driven platforms to provide support for 

digital payment integration, super-app integration, 

and microbilling on a platform basis. These 

leapfrogging approaches provide a quick entry to 

the market with low levels of capital investments, 

subscriptions costs, that provide an aligning cost 

with revenue increase, and provide constant 

introduction of features through cloud delivery 

models.  

Interoperability with mobile money platforms like 

M-Pesa in Kenya, GCash in the Philippines and 

Paytm in India eliminates banking obstacles that 

have previously locked out unbanked communities 

on postpaid services, device financing via credit, 

and digital commerce. A credit scoring algorithm 

based on AI using the mobile money transfer 

history, social network analysis, and other data 

sources will allow mobile phone financing and 

service credit to populations with no credit histories 

and dramatically increase their addressable markets 

(Uren et al., 2023). 

 

8.2 Government Partnership and Subsidy 

Optimization 
 

AI-driven BSS systems make government universal 

service programs more effective by improving 

targeting, eligibility, and subsidy administration, 

and preventing fraud to maintain the integrity of the 

program. Machine learning applications use deep 

data analysis to determine households that qualify 

as per the eligibility criteria, which removes manual 

application processes, which place a barrier on the 

very populations that the program is designed to 

help.  

The instant application of subsidies at the point of 

services means that people who are trying to access 

affordability programs can instantly benefit without 

having to pay the upfront costs and have them 

reimbursed later- a model that does not include 

individuals who do not have the capacity to pay the 

upfront costs but have them recovered after the fact. 

Fraud prevention systems ensure such that the 

sustainability of the programs is maintained as it 

detects duplicates of an enrollment, ineligible 

receivers and abuse of the services provided by the 
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service provider to ensure that public confidence 

and political backing is maintained to continue 

funding the programs (Wamba-Taguimdje et al., 

2020). 

 

8.3 Community Network Integration 
 

The adequacy of BSS capabilities to cooperative 

governance, participatory decision-making and 

local capacity-constrained communities 

Community-owned and operated networks that 

serve rural communities, indigenous communities, 

and underserved urban communities must adapt 

BSS capabilities to community and participative 

decision-making. Lightweight, cloud-based BSS 

systems and easy to use interfaces allow community 

operators to operate subscriber bases, provision 

services, monitor network performance, and do 

billing without requiring advanced technical skills 

or full time employee commitment.  

AI support can be especially useful in such 

situations where it will offer automated 

optimization suggestions to networks, predictive 

maintenance warnings, and chatbot-like customer 

services to offset the lack of human resources. 

Revenue sharing capabilities: The ability to create 

partnerships with mainstream operators to provide 

backhaul connectivity and Internet exchange, and 

flexible pricing engines: Policies of affordability 

determined by communities, bartering, and 

integration of local economic systems.  

 

9. Challenges, Limitations, and Ethical 

Considerations 

 
9.1 Data Privacy and Algorithmic Bias 
 

AI-powered BSS systems handle large volumes of 

personal data usage patterns, payment history, 

location, social network, and behavioral traits, 

which implies that privacy concerns that are 

especially a major issue with marginalized 

communities in the past that were traditionally 

surveilled and discriminated against. The 

application of a differential privacy approach, 

federated learning, and on-device processing may 

reduce some of these risks but some inherent 

tension still exist between personalization features 

that need extensive data analysis and privacy 

protection restrictions on collection and usage.  

The threat of algorithmic bias is also equally severe 

in cases where the machine learning models are 

trained on past data that continue to reproduce the 

previous patterns of discrimination. Models of 

credit scoring that discriminate against unbanked 

communities, fraud detection systems that 

discriminate against minority communities, and 

churn prediction models that selectively offer 

retention incentives to high-value customers and 

ignore the vulnerability of subscribers are examples 

of the manifestations of bias. Strict auditing of 

fairness, heterogeneous training samples, and 

human control systems are mandatory and 

inadequate counter-measures that need constant 

monitoring (Keding, 2021). 

 

9.2 Digital Literacy and Meaningful Use 
 

The availability of connectivity and AI-enabled 

self-service features assumes that the user is at a 

digital literacy level that allows its efficient use- a 

situation that is often compromised in underserved 

populations that face the problem of digital equity. 

The excessive automation has a danger of shutting 

out the very users who need the most help, as far as 

complex problems are beyond the scope of chatbot 

assistance, but navigation escalation routes to 

human agents are uncharted or demand navigation 

abilities that the user lacks.  

Graduated automation strategies must be 

implemented: AI can streamline routine transactions 

effectively, still with easily reachable human 

intervention in the complicated cases, features 

should be introduced gradually because the user 

cannot cope with too many options at once, 

interfaces playful with multiple modalities to 

support people with different literacy, ability levels, 

and should include educational functionality that 

develops over time, not requiring any prior 

knowledge (Canhoto et al., 2020). 

 

9.3 Infrastructure Dependency and Systemic 

Resilience 
 

Cloud-native architectures of AI-driven BSS 

platforms add the requirement of a stable Internet 

connection and power-power-dependence resources, 

which are, in fact, unreliable specifically in 

underserved markets where digital equity programs 

are to be applied. Disruption of the service to cloud 

platforms do trickle down to the functionality of the 

BSS, and customer service and service provisioning 

are two things that will go dead at the same time.  

Hybrid architectures that preserve critical 

functionality by deploying a local edge service, 

providing mobile apps that are offline and 

degrading gracefully to simple services in 

connectivity outages improve resilience. 

Nevertheless, these strategies make it more complex 

and costly which makes the tensions between 

operational efficiency through centralization and 

resilience through distribution.  
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10. Policy Implications and Regulatory 

Frameworks 

10.1 Universal Service Mandate Evolution 
 

The customary universal service policies were too 

narrow and merely aimed at deploying 

infrastructure, which would not be enough to realise 

any meaningful digital inclusion, with decades of 

subsidy initiatives showing their ineffectiveness. 

The development of policies should include the 

overall frameworks that would include the aspects 

of availability, adequacy, affordability, 

acceptability, and accessibility at the same time.  

Regulatory requirements like those that operators 

licensed to use spectrum or offered public subsidies 

install AI-based BSS functionality that enable 

flexible pricing, multilingual interfaces, and 

integrating digital literacy would further speed up 

the humanitarian outcomes. Universal service 

funding based on actual adoption metrics 

performance, depending on the number of 

subscribers connected to the service, the number of 

services actively used, or the affordability by using 

audits, is effective incentive, rather than 

infrastructure construction incentive (Chowdhury et 

al., 2023). 

 

10.2 Data Governance and Consumer Protection 
 

The massive data processing of AI-based BSS 

systems requires effective governance structures 

that balance the advantages of innovation with 

privacy and accountability of the algorithm. 

Discriminatory trends would emerge in fairness 

audit of AI credit scoring, pricing, and service 

placement algorithms that would be rectified 

through regulatory measures before damages are 

incurred.  

Data portability rights that allow customers to port 

usage histories, preferences and loyalty rewards 

between operators increase competition and 

minimize switching costs that confine vulnerable 

populations to inefficient services. BSS platforms 

would be required to have open APIs that would 

allow third-party service providers, community 

networks, and social enterprises to create 

specialized solutions to meet the underserved needs 

of the market without the need of developing a 

complete BSS. 

 

10.3 Public-Private Partnership Models 
 

The best digital equity results would probably 

suggest hybrid approaches to the issue of investing 

in public infrastructure and employing the expertise 

and capabilities of a private operation and 

innovation. Middle-mile connectivity is funded by 

governments to lower the cost of market 

deployment facing operators and BSS platforms 

powered by AI can be used to deliver last-mile 

services efficiently and provide business 

sustainability.  

Risk-sharing schemes with governments ensuring 

that minimum levels of subscribers or revenue get 

obtained in exchange of affording and coverage 

promises fit the public goals with the profit motives. 

Open performance measurement by use of AI based 

analytics can establish responsibility in the way 

subsidy funds are used and with respect to service 

delivery results, program integrity and trust 

amongst the populace. Prospective 

Developments and Novel Technology (Dwivedi 

et al., 2021). 

 

11. Future Trajectories and Emerging 

Technologies 
 

11.1 Generative AI and Hyper-Personalization 
 

Generative AI applications developed in 2023-2024 

allow providing qualitatively new BSS features: 

natural language service configuration (whereby the 

customer can explain what they want done to them) 

instead of using complex option lists, generating 

personalized onboarding and education content, and 

conversational AI-based service agents in charge of 

handling end-to-end customer experiences (through 

request-response) to service delivery and customer 

support. The same capabilities are especially useful 

in under-served populations where a standardized 

interface that supports the majority population 

might not be sufficient to meet the needs, language 

preference, or cultural background of particular 

populations. Generation AI facilitated hyper-

personalization meaning that individual BSS 

platforms can cater to very heterogeneous groups of 

clients, eliminating the need to have individual 

systems that cater to distinct segments of the 

population. 

 

11.2 Edge Computing and Distributed 

Architectures 
 

Deployments of edge computing which place 

processing power directly closer to end users can 

increase responsiveness of BSS, shorten latency of 

real-time operations like charging and 

authentication, and increase resiliency by 

distributed operation as it minimizes single points 

of failure. The edge architectures are especially 

applicable to rural markets when the backhaul 

connectivity to the centralized cloud data centers 



Balakumar Ravindranath Kunthu, Naveen Prakash Kandula/ IJCESEN 11-4(2025)8510-8524 

 

8518 

 

can be characterized by high latency or unreliable 

connectivity. T 

here is also privacy-preserving personalization 

processing on the edge nodes with AI models 

deployed to the edge of the network to avoid 

sending the sensitive data to the cloud so that the 

privacy concerns are eliminated without losing the 

functionality. Federated learning frameworks are 

based on the principle of training global models on 

distributed data that are not centrally trained, and 

their privacy protection is balanced by the degree of 

personalization accuracy (Füller et al., 2022). 

 

11.3 Blockchain and Decentralized Identity 
 

Decentralized identity systems built on blockchain 

may provide an answer to customer onboarding and 

KYC difficulties faced by the population with no 

government-issued identification. Self-sovereign 

identity architectures where people manage their 

own identity credentials, which reveal attributes 

only when they need to apply to a service and not 

all the data to identity operator, improve privacy, 

but allow access. Smart contracts are used to 

automate subsidy administration, share revenues 

with partners, and service level agreements to 

decrease administrative overhead and maximize 

transparency. Blockchain energy usage, complexity, 

and developing regulatory systems restrict short-

term implementation, so these capabilities are 

viewed as more opportunities in the future than 

short-term solutions (Haefner et al., 2021). 

 

 
Figure 1: Global Digital BSS Market Growth Trajectory (2024-2030) 
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Figure 2: Broadband Access Disparity Across US Demographics (2024) 

 

 
Figure 3: AI-Driven Customer Service Performance Metrics in Telecom (2024) 

 

Table 1: BSS Market Growth and Adoption Metrics (2024) 

Metric Value Source/Context 

Global Digital BSS Market Size (2024) $7.9 billion Strategic Market Research 2024 

Projected Market Size (2030) $15.4 billion Strategic Market Research forecast 
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CAGR (2024-2030) 11.8% Digital BSS specific growth 

Global OSS & BSS Market Size (2024) $65.81 billion IMARC Group 2024 

Projected OSS & BSS Market (2033) $148.26 billion IMARC Group forecast 

CAGR OSS & BSS (2025-2033) 9.4% Overall OSS & BSS growth 

North America Market Share 35.6% - 39.7% Market leader region 

BSS Segment Market Share 57.9% BSS leads over OSS in 2025 

Cloud Deployment Market Share (2025) 63.4% Cloud-native adoption dominates 

 

Table 3: Digital Divide and Affordability Metrics (2024) 

Indicator Value Year/Context 

Global Population Offline 2.6 billion 2024 ITU 

Offline Population in Rural Areas 1.8 billion 2024 ITU 

Rural Americans Without Fixed Broadband 22.3% 2024 FCC 

Tribal Land Americans Without Broadband 27.7% 2024 FCC 

Urban Americans Without Broadband 1.5% 2024 FCC 

Rural Deployment Cost vs. Urban 2x higher Infrastructure disparity 

Rural Operating Cost vs. Urban 3x higher Operational disparity 

Rural Revenue vs. Urban 10x lower Revenue challenge 

Starlink Monthly Fee (Australia) $139 AUD Affordability barrier 

Starlink Terminal Cost $599 AUD Affordability barrier 

 

 



Balakumar Ravindranath Kunthu, Naveen Prakash Kandula/ IJCESEN 11-4(2025)8510-8524 

 

8521 

 

Figure 4: AI-Driven BSS Platform Architecture for Digital Equity and Accessibility 

 

 
Figure 5: Global Offline Population Distribution by Geographic Category (2024) 

 

Metric Category Value Application 

Revenue Leakage (Industry Average) 1-3% of revenue Baseline loss 

Revenue Leakage Reduction with AI (Year 1) 30-40% AI intervention impact 

Billing Accuracy Improvement 5% increase 

monthly 

Automated billing 

systems 

Fraud Detection Improvement with AI Real-time detection Pattern recognition 

Time to Detect Anomalies (Traditional) Weeks to months Manual audits 

Time to Detect Anomalies (AI-Driven) Real-time to 

seconds 

Continuous monitoring 

Revenue Recovery from AI Implementation 1-3% annual 

revenue 

Proactive systems 

Cost of Revenue Leakage per Incident 

(Average) 

$10-14 million Financial impact 

 

Table 5: BSS Operational and Technical Transformation Metrics (2024) 

Transformation Aspect Quantitative Metric Year Impact 

OSS/BSS Deployments Using Microservices 62% 2024 Cloud-native architecture 

Process Automation Achieved 50%+ 2024 Workflow efficiency 

Zero-Touch Provisioning 60% 2024 Service activation 

Faster Issue Resolution with AI 37% 2024 Service assurance 



Balakumar Ravindranath Kunthu, Naveen Prakash Kandula/ IJCESEN 11-4(2025)8510-8524 

 

8522 

 

Time to Market Reduction (New Services) Weeks vs. months 2024 Innovation velocity 

OPEX Reduction with Digital BSS 15-25% 2024 Cost optimization 

AI Implementation in Telecom BSS Functions 63.5% active deployment 2024 AI adoption rate 

Revenue Assurance Improvement Real-time charging 2024 Revenue protection 

 

12. Conclusions 

 
AI-powered Business Support Systems are one 

such disruptive convergence of technological 

potential and humanitarian necessity in 

telecommunications that represent an increasingly 

economically viable delivery of services to 

underserved populations that have been 

traditionally excluded by poor infrastructure, 

unaffordable costs, and unavailable service 

patterns. The synthesized quantitative evidence 

provided in the course of this analysis has shown 

that these platforms offer quantifiable benefits in 

the areas of operational efficiency, 50%+ process 

automation, 60% zero-touch provisioning, 37% 

faster issue resolution and at the same time has 

achieved digital equity goals, in terms of flexible 

pricing, multilingual support, fraud prevention 

protecting affordability, and revenue assurance 

eliminating losses otherwise offset with customer 

price increases.  

These capabilities are recognized in the market 

through the industry appreciation of the Digital 

BSS market with a growth of 11.8% compound 

annual growth rate in the Digital BSS market 

increasing towards 15.4 billion in 2030 with cloud-

native migrations represented 63.4 billion market 

share and the integration of AI (63.5) represented in 

63.5 percent of BSS deployments. The 

effectiveness of AI is proved by the levels of 

customer acceptance, as 80% of regular requests on 

chatbots are processed by AI and rated as positive 

by 87.2% of users and are satisfied by 69% of 

customers, and 24/7 availability is considered the 

most valuable quality by 64% of users.  

However, technology itself is not enough without a 

set of policies that would take into consideration 

the multi-dimensional character of digital 

exclusion. The 2.6 billion people who will be 

offline even in 2024 1.8 billion of them in rural 

locations where deployment costs are 200-300% 

higher than in urban locations and whose revenues 

are ten times less will necessitate combined 

interventions, including infrastructure investment, 

affordability programs, digital literacy assistance, 

and culturally responsive service design. BSS 

platforms powered by AI make all of these 

interventions possible, as the AI-based system is 

capable of dynamic pricing in response to changes 

in income, automated onboarding that bypasses 

documentation bottlenecks, multilingual interfaces 

that service linguistic diversity, and embedded 

education that creates the capability to use the 

system and provides connectivity. 

The way forward requires the developed policy 

frameworks to go beyond infrastructure-based 

universal service requirements to provide the full 

digital equity spectrum: availability, adequacy, 

affordability, acceptability, and accessibility. 

Subsidies based on real adoption performance 

instead of milestones in construction, governance of 

data that balances innovation with privacy, audit of 

fairness in algorithms, discrimination-preventing 

patterns in partnership models between the public 

and the private to fund the essential part of the 

network, and ensuring that everyone can connect 

and meaningfully can provide faster progress 

toward universal, meaningful connectivity. 

Providers of telecommunications adopting AI-

based BSS systems can position themselves as 

drivers of social inclusion and economic growth, 

going beyond the conventional act of connecting 

people and provide education, healthcare, financial 

inclusion, and civic engagement to people 

historically excluded by digital society. The 

business case aligns with humanitarian goals: 

operational efficiencies of 15-25% OPEX saving, 

30-40% revenue leakage prevention, and speed of 

innovation meaning customization of services 

rapidly can result in financially sustainable models 

of under-served market participation and promotion 

of general social good. 

The interplay of technological maturity, 

acceleration of market adoption, and recognition of 

the policy of digital equity needs forms 

unparalleled chances to achieve the full potential of 

telecommunications as a humanitarian 

infrastructure. Operators, governments, civil society 

organisations and communities themselves must be 

committed to success and this must be guided by 

the principles of inclusion, sustainability and shared 

prosperity. AI-enabled BSS platforms offer the 

necessary facilitating features, changing 

telecommunications to a commercial service to the 

basis of enabling human dignity and universal 

access. 
 

Author Statements: 



Balakumar Ravindranath Kunthu, Naveen Prakash Kandula/ IJCESEN 11-4(2025)8510-8524 

 

8523 

 

 

 Ethical approval: The conducted research is 

not related to either human or animal use. 

 Conflict of interest: The authors declare that 

they have no known competing financial 

interests or personal relationships that could 

have appeared to influence the work reported in 

this paper 

 Acknowledgement: The authors declare that 

they have nobody or no-company to 

acknowledge. 

 Author contributions: The authors declare that 

they have equal right on this paper. 

 Funding information: The authors declare that 

there is no funding to be acknowledged.  

 Data availability statement: The data that 

support the findings of this study are available 

on request from the corresponding author. The 

data are not publicly available due to privacy or 

ethical restrictions. 
 

References 
 

Al-Surmi, A., Bashiri, M., & Koliousis, I. (2022). AI 

based decision making: Combining strategies to 

improve operational performance. International 

Journal of Production Research, 60(14), 4464–

4486. 

https://doi.org/10.1080/00207543.2021.1966540 

Borges, A. F. S., Laurindo, F. J. B., Spínola, M. M., 

Gonçalves, R. F., & Mattos, C. A. (2021). The 

strategic use of artificial intelligence in the digital 

era: Systematic literature review and future 

research directions. International Journal of 

Information Management, 57, Article 102225. 

https://doi.org/10.1016/j.ijinfomgt.2020.102225 

Brock, J. K.-U., & von Wangenheim, F. (2019). 

Demystifying AI: What digital transformation 

leaders can teach you about realistic artificial 

intelligence. California Management Review, 

61(4), 110–134. 

https://doi.org/10.1177/0008125619865226 

Canhoto, A. I., & Clear, F. (2020). Artificial intelligence 

and machine learning as business tools: A 

framework for diagnosing value destruction 

potential. Business Horizons, 63(2), 183–193. 

https://doi.org/10.1016/j.bushor.2019.11.003 

Chowdhury, S., Dey, P., Joel-Edgar, S., Bhattacharya, 

S., Rodriguez-Espindola, O., Abadie, A., & 

Truong, L. (2023). Unlocking the value of artificial 

intelligence in human resource management 

through AI capability framework. Human Resource 

Management Review, 33(1), Article 100899. 

https://doi.org/10.1016/j.hrmr.2022.100899 

Dwivedi, Y. K., Hughes, L., Ismagilova, E., Aarts, G., 

Coombs, C., Crick, T., Duan, Y., Dwivedi, R., 

Edwards, J., Eirug, A., Galanos, V., Ilavarasan, P. 

V., Janssen, M., Jones, P., Karagozoglu, B., Kizgin, 

H., Kronemann, B., Lal, B., Lucini, B., ... Williams, 

M. D. (2021). Artificial intelligence (AI): 

Multidisciplinary perspectives on emerging 

challenges, opportunities, and agenda for research, 

practice and policy. International Journal of 

Information Management, 57, Article 101994. 

https://doi.org/10.1016/j.ijinfomgt.2019.08.002 

Füller, J., Hutter, K., Wahl, J., Bilgram, V., & Tekic, Z. 

(2022). How AI revolutionizes innovation 

management – Perceptions and implementation 

preferences of AI-based innovators. Technological 

Forecasting and Social Change, 178, Article 

121598. 

https://doi.org/10.1016/j.techfore.2022.121598 

Haefner, N., Wincent, J., Parida, V., & Gassmann, O. 

(2021). Artificial intelligence and innovation 

management: A review, framework, and research 

agenda. Technological Forecasting and Social 

Change, 162, Article 120392. 

https://doi.org/10.1016/j.techfore.2020.120392 

Jarrahi, M. H. (2018). Artificial intelligence and the 

future of work: Human-AI symbiosis in 

organizational decision making. Business Horizons, 

61(4), 577–586. 

https://doi.org/10.1016/j.bushor.2018.03.007 

Kar, S., Kar, A. K., & Gupta, M. P. (2021). Modeling 

drivers and barriers of artificial intelligence 

adoption: Insights from a strategic management 

perspective. Intelligent Systems in Accounting, 

Finance and Management, 28(4), 217–238. 

https://doi.org/10.1002/isaf.1503 

Keding, C. (2021). Understanding the interplay of 

artificial intelligence and strategic management: 

Four decades of research in review. Management 

Review Quarterly, 71, 91–134. 

https://doi.org/10.1007/s11301-020-00181-x 

Kitsios, F., & Kamariotou, M. (2021). Artificial 

intelligence and business strategy towards digital 

transformation: A research agenda. Sustainability, 

13(4), Article 2025. 

https://doi.org/10.3390/su13042025 

Makowski, P. T., & Kajikawa, Y. (2021). Automation-

driven innovation management? Toward 

innovation-automation-strategy cycle. 

Technological Forecasting and Social Change, 

168, Article 120723. 

https://doi.org/10.1016/j.techfore.2021.120723 

Mikalef, P., & Gupta, M. (2021). Artificial intelligence 

capability: Conceptualization, measurement 

calibration, and empirical study on its impact on 

organizational creativity and firm performance. 

Information & Management, 58(3), Article 103434. 

https://doi.org/10.1016/j.im.2021.103434 

Motamary, S. (2024). Transforming customer experience 

in telecom: Agentic AI-driven BSS solutions for 

hyper-personalized service delivery. SSRN 

Electronic Journal. 

https://doi.org/10.2139/ssrn.5240126 

Perifanis, N.-A., & Kitsios, F. (2023). Investigating the 

influence of artificial intelligence on business value 

in the digital era of strategy: A literature review. 

Information, 14(2), 85. 

https://doi.org/10.3390/info14020085 

Truong, Y., & Papagiannidis, S. (2022). Artificial 

intelligence as an enabler for innovation: A review 

https://doi.org/10.1080/00207543.2021.1966540
https://doi.org/10.1016/j.ijinfomgt.2020.102225
https://doi.org/10.1177/0008125619865226
https://doi.org/10.1016/j.bushor.2019.11.003
https://doi.org/10.1016/j.hrmr.2022.100899
https://doi.org/10.1016/j.ijinfomgt.2019.08.002
https://doi.org/10.1016/j.techfore.2022.121598
https://doi.org/10.1016/j.techfore.2020.120392
https://doi.org/10.1016/j.bushor.2018.03.007
https://doi.org/10.1002/isaf.1503
https://doi.org/10.1007/s11301-020-00181-x
https://doi.org/10.3390/su13042025
https://doi.org/10.1016/j.techfore.2021.120723
https://doi.org/10.1016/j.im.2021.103434
https://doi.org/10.2139/ssrn.5240126
https://doi.org/10.3390/info14020085


Balakumar Ravindranath Kunthu, Naveen Prakash Kandula/ IJCESEN 11-4(2025)8510-8524 

 

8524 

 

and future research agenda. Technological 

Forecasting and Social Change, 183, Article 

121852. 

https://doi.org/10.1016/j.techfore.2022.121852 

Trunk, A., Birkel, H., & Hartmann, E. (2020). On the 

current state of combining human and artificial 

intelligence for strategic organizational decision 

making. Business Research, 13, 875–919. 

https://doi.org/10.1007/s40685-020-00133-x 

Uren, V., & Edwards, J. S. (2023). Technology readiness 

and the organizational journey towards AI 

adoption: An empirical study. International 

Journal of Information Management, 68, Article 

102588. 

https://doi.org/10.1016/j.ijinfomgt.2022.102588 

Wamba-Taguimdje, S.-L., Fosso Wamba, S., Kala 

Kamdjoug, J. R., & Tchatchouang Wanko, C. E. 

(2020). Influence of artificial intelligence (AI) on 

firm performance: The business value of AI-based 

transformation projects. Business Process 

Management Journal, 26(7), 1893–1924. 

https://doi.org/10.1108/BPMJ-10-2019-0411 

 

 

 

 

 

https://doi.org/10.1016/j.techfore.2022.121852
https://doi.org/10.1007/s40685-020-00133-x
https://doi.org/10.1016/j.ijinfomgt.2022.102588
https://doi.org/10.1108/BPMJ-10-2019-0411

