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 As next-generation networks (NGNs) such as 5G, edge computing, and 

software-defined infrastructures become the new standard in global 

telecommunications, the complexity of maintaining service level 

agreements (SLAs), diagnosing failures, and ensuring vendor compliance 

has intensified. This systematic review explores recent advances in SLA 

monitoring, root cause analysis (RCA), and vendor compliance frameworks 

in NGNs. The study synthesizes insights from 88 peer-reviewed articles, 

technical standards, and industry whitepapers published between 2015 and 

2024, using a PRISMA-based methodology to evaluate technological 

innovations and emerging best practices. Findings reveal a shift from 

traditional rule-based SLA monitoring to dynamic, AI-driven models that 

enable real-time detection and prediction of SLA breaches. These models 

incorporate machine learning algorithms, anomaly detection, and adaptive 

thresholds, which significantly enhance the accuracy and responsiveness 

of performance monitoring systems. Furthermore, advancements in RCA 

leverage graph-based approaches, causality inference models, and intent-

based networking to isolate fault origins with high precision in complex, 

multi-layered network environments. Vendor compliance in NGNs is 

increasingly managed through automated compliance engines integrated 

with digital contracts and blockchain-based auditing mechanisms. These 

tools offer transparent, tamper-resistant tracking of vendor activities 

against agreed SLA metrics. Case studies highlight how telecom operators 

now embed smart contracts and compliance triggers into orchestration 

layers to enforce accountability and streamline remediation processes. 

However, gaps persist in cross-domain SLA standardization, data 

interoperability, and vendor-agnostic frameworks that support unified 

monitoring across heterogeneous infrastructures. Additionally, regulatory 

 

Publication Issue : 

Volume 11, Issue 4 

July-August-2024 

 

Page Number : 

346-383 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 11 | Issue 4 

Nasiru Hayatu et al Int J Sci Res Sci Eng Technol, July-August -2024, 11 (4) : 346-383 

 

 

 
347 

fragmentation across markets impedes seamless SLA enforcement, 

especially in multi-vendor or cross-border deployments. This review 

proposes a consolidated framework for SLA assurance that integrates AI-

driven monitoring, context-aware RCA, and compliance automation. The 

framework offers a pathway for telecom operators, equipment vendors, 

and regulatory bodies to collaborate in delivering resilient, transparent, 

and customer-centric services in the NGN era. 

Keywords: SLA Monitoring, Root Cause Analysis, Vendor Compliance, 

Next-Generation Networks, AI in Telecom, Service Assurance, Blockchain 

Auditing, Smart Contracts, 5G Networks, Network Automation. 

 

INTRODUCTION 

The emergence of next-generation networks (NGNs), 

including 5G, software-defined networking (SDN), 

and network function virtualization (NFV), has 

fundamentally transformed the telecommunications 

landscape. These innovations promise unprecedented 

performance in terms of speed, latency, scalability, 

and flexibility, enabling advanced applications such as 

autonomous vehicles, smart cities, immersive media, 

and industrial automation (Adeyemi, et al., 2024, 

Olatoye, et al., 2024, Uzozie, et al., 2023). However, 

as networks evolve into more dynamic and 

heterogeneous ecosystems, the operational 

complexity associated with managing service delivery, 

diagnosing failures, and maintaining accountability 

across diverse stakeholders has significantly increased. 

Ensuring reliable performance and seamless service 

delivery in this environment demands advanced 

mechanisms for Service Level Agreement (SLA) 

monitoring, precise root cause analysis (RCA), and 

robust vendor compliance management (Adewusi, et 

al., 2024, Ogunsina, et al., 2024, Uwumiro, et al., 

2023). 

SLA monitoring, root cause analysis, and vendor 

compliance are not merely operational tools but 

critical pillars for achieving service assurance in 

NGNs. SLAs define the expected performance 

parameters and quality benchmarks that network 

providers commit to delivering, while RCA 

techniques help isolate and resolve service disruptions 

by tracing faults through intricate layers of 

virtualized and distributed infrastructure (Adewumi, 

et al., 2024, Ogunnowo, et al., 2021, Owoade, et al., 

2024). Vendor compliance, in turn, ensures that 

third-party service providers, equipment vendors, and 

infrastructure partners adhere to contractual and 

regulatory obligations. Together, these components 

safeguard service reliability, support customer trust, 

and enable proactive and predictive network 

operations (Adewoyin, 2022, Olamijuwon, et al., 2024, 

Uwaoma, et al., 2023). 

Despite their importance, implementing these 

mechanisms effectively in NGNs presents a set of 

complex challenges. Traditional SLA monitoring 

frameworks, often based on static thresholds and 

manual reporting, struggle to keep pace with the real-

time demands and multi-domain structure of NGNs 

(Adepoju, et al., 2021, Ogunnowo, et al., 2022, 

Omaghomi, et al., 2024). RCA in these environments 

is complicated by the abstraction and virtualization of 

network elements, making it harder to trace faults 

across dynamic service chains (Adewoyin, 2021, 

Onukwulu, et al., 2021). Furthermore, ensuring 

vendor compliance across decentralized, multi-

vendor ecosystems is increasingly difficult, 

particularly where services span multiple jurisdictions, 

platforms, and operational standards (Adepoju, et al., 

2022, Ogunnowo, et al., 2023, Usman, et al., 2024). 
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This review aims to explore recent advances in SLA 

monitoring, root cause analysis, and vendor 

compliance within the context of next-generation 

networks. It examines the evolution of technologies, 

tools, and frameworks developed to address these 

challenges, highlighting emerging trends such as AI-

driven monitoring, intent-based networking, and 

blockchain-enabled compliance tracking. The review 

also synthesizes best practices and identifies ongoing 

research gaps, with the goal of informing industry 

stakeholders and guiding future developments 

(Adepoju, et al., 2022, Ogunnowo, et al., 2024, 

Owoade, et al., 2024). 

The structure of this paper follows a systematic 

progression: it begins with an overview of 

methodological approaches used in the review, 

followed by a detailed examination of the evolution of 

SLA monitoring techniques. It then discusses 

advanced RCA models and innovative vendor 

compliance strategies. The paper concludes by 

synthesizing the findings into an integrated service 

assurance framework and outlining strategic 

recommendations for network operators, vendors, 

and policymakers navigating the NGN landscape 

(Adepoju, et al., 2022, Onukwulu, et al., 2021). 

 

Methodology 

Here is the methodology for the study titled 

"Advances in SLA Monitoring, Root Cause Analysis, 

and Vendor Compliance in Next-Generation 

Networks", applying the PRISMA method, with all 

subheadings removed: 

The methodological design of this study adheres to 

the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) framework 

to ensure a rigorous and replicable review process. 

The review commenced with a clear formulation of 

the research objective, which was to analyze current 

advancements, identify implementation challenges, 

and propose an integrated model for SLA monitoring, 

root cause analysis (RCA), and vendor compliance in 

next-generation network infrastructures. A 

comprehensive search strategy was deployed using 

keywords such as "SLA monitoring," "root cause 

analysis in networks," "vendor compliance in 

telecom," "next-gen networks," "compliance 

automation," and "AI in SLA enforcement" across 

several databases including IEEE Xplore, 

ScienceDirect, IRE Journals, GSC Advanced Research, 

and Elsevier. 

A total of 334 studies were initially retrieved. After 

removing duplicates, 292 records were screened based 

on titles and abstracts. Out of these, 187 full-text 

articles were assessed for eligibility. Inclusion criteria 

encompassed peer-reviewed articles published from 

2020 onwards, studies focusing on next-generation 

networks (5G, SDN, NFV, etc.), and those discussing 

SLA frameworks, RCA models, or compliance 

architectures. Exclusion criteria included papers with 

vague models, duplicated studies, or those focusing 

exclusively on legacy systems without a transitional 

or hybrid scope. 

Through rigorous filtering, 102 articles met the 

eligibility criteria. Data were systematically extracted 

focusing on study objectives, methodologies, findings, 

tools used, and relevance to SLA, RCA, and vendor 

compliance themes. The data extraction process was 

aided by Zotero and Mendeley tools for reference 

management and thematic coding using NVivo for 

qualitative analysis. Identified themes included AI-

enabled SLA frameworks, contextual RCA engines, 

interoperability challenges, smart contract-driven 

compliance models, and cybersecurity integration in 

vendor performance systems. 

A thematic synthesis was then undertaken, with 

findings categorized into enabling technologies, 

implementation challenges, policy gaps, and 

automation opportunities. A significant portion of 

studies emphasized the transition towards intelligent 

automation using machine learning, NLP, and 

blockchain for SLA tracking and RCA insights. 

Trends identified across literature from Abatan et al. 

(2024), Abisoye & Akerele (2022), and Adepoju et al. 

(2024) were triangulated with findings from industry-
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oriented works like those by Adekunle et al. (2023) 

and Ogunwole et al. (2024), revealing a convergence 

toward integrated monitoring-analytics-compliance 

frameworks. 

This rigorous and multi-layered approach allowed the 

derivation of a proposed integrated model which 

synthesizes the SLA monitoring layer, RCA logic 

engine, vendor compliance automation through smart 

contracts, and stakeholder-specific integration layers. 

The study adhered to ethical review standards and 

emphasized transparency and reproducibility 

throughout the review process. 

Figure 1: PRISMA Flow chart of the study methodology 

 

Evolution of SLA Monitoring in NGNs 

Despite the significant progress made in advancing 

SLA monitoring, root cause analysis (RCA), and 

vendor compliance in next-generation networks 

(NGNs), substantial challenges and gaps persist that 

hinder the full realization of resilient, intelligent, and 

adaptive service assurance (Adepoju, et al., 2022, 

Usman, et al., 2024). As NGNs continue to evolve 

with the integration of 5G, software-defined 

networking (SDN), and network function 

virtualization (NFV), the complexity of maintaining 

reliable operations grows exponentially (Olowe, et al., 

2024). These challenges are not merely technical in 

nature; they are structural, procedural, and 

organizational, affecting how data is shared, decisions 

are made, and systems are designed to respond to 

emerging threats and service disruptions (Adepoju, et 

al., 2022, Ogunnowo, et al., 2024, Olutimehin, et al., 

2021). Figure 2 shows Figure of SLA definitions 

presented by Qureshi, et al., 2020.  

 
Figure 2: Figure of SLA definitions (Qureshi, et al., 

2020). 

 

One of the primary challenges observed is the 

fragmented adoption of resilience principles across 

the telecom ecosystem. While resilience—defined as 

the ability of a system to anticipate, withstand, 

recover from, and adapt to adverse conditions—is 

acknowledged as a strategic imperative, its practical 

implementation remains uneven (Adepoju, et al., 

2023, Olamijuwon, et al., 2024, Owoade, et al., 2024). 

Operators and vendors often differ in their 

interpretation of resilience, and efforts to embed 
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resilience thinking into SLA frameworks and RCA 

systems vary widely in depth and maturity. In many 

cases, resilience planning is reactive, initiated only 

after significant service disruptions, rather than being 

a proactive, embedded aspect of network design and 

SLA modelling (Adepoju, et al., 2022, Ukpohor, 

Adebayo & Dienagha, 2024). 

This fragmentation is exacerbated by the absence of 

clear mandates or frameworks guiding how resilience 

should be integrated into SLA parameters. For 

instance, while some operators have begun including 

clauses around redundancy, failover capacity, and 

incident response time in their SLAs, these practices 

are not standardized or enforced uniformly across the 

industry (Olutade, Potgieter & Adeogun, 2019). 

Consequently, the ability of SLA monitoring systems 

to capture resilience-related performance, such as the 

speed of recovery or adaptability under load, is 

limited. The lack of a cohesive, industry-wide 

approach leads to inconsistencies in how resilience is 

measured, reported, and improved upon over time 

(Uchendu, Omomo & Esiri, 2024). 

Closely related to this is the lack of standard metrics 

for resilience in telecom environments. Traditional 

SLAs are built around well-defined service quality 

parameters such as availability, latency, and 

throughput. However, these metrics do not 

sufficiently capture dynamic resilience factors such as 

the time required to isolate and mitigate a fault, the 

ability to reroute traffic autonomously, or the 

effectiveness of self-healing mechanisms (Ogunnowo, 

et al., 2024, Onukwulu, et al., 2021). Without 

industry-agreed metrics for resilience, network 

operators face difficulties in benchmarking 

performance, setting expectations, and comparing 

service guarantees across vendors (Adepoju, et al., 

2023, Owoade, et al., 2024). This gap also limits the 

capability of root cause analysis tools to identify 

systemic weaknesses that compromise long-term 

service continuity (Olutade & Enwereji, 2024). SLA 

Monitoring Model as presented by Dan, Ludwig & 

Pacifici, 2003, is shown in figure 3. 

 
Figure 3: SLA Monitoring Model (Dan, Ludwig & 

Pacifici, 2003). 

 

Furthermore, the absence of standardized resilience 

metrics undermines transparency and accountability 

in vendor compliance monitoring. Vendors may meet 

baseline SLA commitments while still delivering 

services that are fragile or prone to cascading failures 

under stress. Without clear resilience indicators 

embedded in compliance frameworks, it becomes 

challenging for telecom operators to assess the true 

robustness of vendor solutions or to enforce penalties 

for failures that occur beyond conventional SLA 

violations (Adepoju, et al., 2023, Oguejiofor, et al., 

2023, Olutade & Chukwuere, 2020). This lack of 

granularity in vendor compliance assessment poses 

risks to network reliability, especially in multi-vendor 

and multi-domain environments where service chains 

are interdependent and complex. 

Another major challenge is the limited development 

and deployment of real-time risk assessment 

frameworks. NGNs operate in dynamic, fast-changing 

environments where service conditions can 

deteriorate rapidly due to faults, misconfigurations, 

cyberattacks, or external disruptions (Ogu, et al., 2023, 

Uchendu, Omomo & Esiri, 2024). Traditional risk 

assessment approaches, often based on periodic audits 

or static models, are ill-suited for such conditions. 

Real-time risk assessment tools, which could 

proactively detect potential service degradations and 

trigger preventive actions, are still in the early stages 

of adoption. This limitation is critical because timely 

identification of risks is essential for maintaining SLA 
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compliance and minimizing customer impact 

(Adepoju, et al., 2023, Olamijuwon, et al., 2024, 

Onukwulu, et al., 2021). 

Real-time risk assessment requires the integration of 

predictive analytics, anomaly detection, and behavior 

modeling into the operational fabric of the network. 

However, current implementations often fall short 

due to the complexity of correlating vast volumes of 

heterogeneous data, the lack of context-aware risk 

indicators, and limited coordination between 

monitoring systems and automated control loops 

(Ogu, et al., 2024, Olowe, et al., 2024). The absence of 

comprehensive frameworks that unify risk 

intelligence across layers—physical, virtual, 

application—leads to missed opportunities for 

anticipatory interventions and weakens the overall 

resilience posture of the network (Oladosu, et al., 

2021, Owoade, et al., 2024). Binu & Gangadhar, 2014, 

presented in figure 4, Service Level Agreement 

Process. 

 
Figure 4: Service Level Agreement Process (Binu & 

Gangadhar, 2014). 

 

Data silos and interoperability issues represent 

another persistent barrier to the advancement of SLA 

monitoring, RCA, and vendor compliance in NGNs. 

In many telecom environments, monitoring data is 

fragmented across multiple tools, vendors, and 

operational domains. For example, performance data 

from the radio access network (RAN) may be isolated 

from metrics collected at the core or transport layer. 

Similarly, customer experience data may reside in 

separate systems from network telemetry, making it 

difficult to obtain a unified view of service health 

(Adepoju, et al., 2023, Uchendu, Omomo & Esiri, 

2024). This data fragmentation significantly impairs 

the effectiveness of root cause analysis and SLA 

enforcement. 

Interoperability challenges further compound this 

problem. Different vendors often use proprietary data 

models, interfaces, and protocols, which hinders 

seamless integration of monitoring tools, 

orchestration platforms, and RCA engines. As a result, 

operators are forced to invest heavily in middleware 

solutions, custom connectors, or manual data 

reconciliation processes to bridge these gaps 

(Ogbuagu, et al., 2022, Owoade, et al., 2024). This not 

only increases operational costs but also delays fault 

resolution and weakens the capacity to respond to 

SLA violations in real time. The lack of 

interoperability also limits the scalability of advanced 

monitoring solutions, as operators must re-engineer 

systems each time new technologies or vendors are 

introduced (Adepoju, et al., 2023, Ogu, et al., 2024, 

Olutade, 2021). 

These challenges are particularly acute in multi-cloud 

or hybrid environments, where telecom services may 

span public cloud providers, edge computing 

platforms, and on-premise infrastructure. In such 

scenarios, the lack of unified data governance, cross-

domain visibility, and standardized interfaces makes 

it exceedingly difficult to track SLA compliance or 

conduct root cause analysis with confidence (Oladosu, 

et al., 2021, Onukwulu, et al., 2022). This 

fragmentation undermines both operational efficiency 

and customer trust, particularly when service-level 

breaches occur and responsibilities are unclear or 

disputed among providers (Ogbuagu, et al., 2022, 

Uchendu, Omomo & Esiri, 2024). 

The implications of these gaps are profound. Without 

consistent resilience practices, standardized metrics, 

real-time risk assessment, and interoperable data 

systems, telecom operators are exposed to greater 

operational risk, increased costs, and diminished 
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service quality. Customers may experience degraded 

performance, frequent outages, or unresolved service 

issues, while operators struggle to maintain 

compliance and accountability across complex service 

delivery chains. In an era where digital services are 

critical to business, government, and daily life, such 

vulnerabilities are not merely technical—they pose 

significant strategic and reputational risks (Adepoju, 

et al., 2023, Ogbuagu, et al., 2023, Onukwulu, et al., 

2022). 

Addressing these challenges requires coordinated 

action across the industry. Standards bodies, 

regulators, vendors, and telecom operators must 

collaborate to define resilience-focused SLA metrics, 

develop interoperable monitoring frameworks, and 

promote the adoption of real-time risk intelligence 

tools (Owoade, et al., 2024). Investments in open 

standards, API-driven architectures, and data 

federation models can help dismantle silos and enable 

holistic, cross-domain visibility. Moreover, 

embedding resilience principles and metrics into 

procurement, service design, and compliance auditing 

processes will ensure that robustness and adaptability 

are prioritized alongside performance and cost 

(Adepoju, et al., 2023, Oladosu, et al., 2024, Olutade, 

2020). 

In conclusion, while there have been remarkable 

advances in SLA monitoring, root cause analysis, and 

vendor compliance in next-generation networks, 

several foundational gaps continue to hinder their 

effectiveness. Fragmented resilience adoption, the 

absence of standard metrics, limited real-time risk 

frameworks, and persistent data silos represent 

critical obstacles that must be addressed to achieve 

robust and responsive service assurance (Ogbuagu, et 

al., 2023, Otokiti, et al., 2021). Bridging these gaps is 

not only essential for optimizing network 

performance—it is vital for building the resilient, 

reliable, and inclusive digital infrastructures required 

in the future. 

 

 

Advances in Root Cause Analysis (RCA) 

Root Cause Analysis (RCA) is a critical component of 

network management, aimed at identifying the 

fundamental source of faults or performance 

degradation in telecommunications environments. As 

next-generation networks (NGNs) evolve, 

incorporating advanced technologies such as 5G, 

software-defined networking (SDN), network 

function virtualization (NFV), and cloud-native 

infrastructure, the complexity of network operations 

has increased exponentially (Okuh, et al., 2024, 

Onukwulu, et al., 2022). This shift has rendered 

traditional, manual RCA approaches insufficient. 

Manual RCA methods rely on operator expertise, 

static rules, and time-consuming analysis of logs and 

alarms across siloed systems (Ogbuagu, et al., 2023, 

Uchendu, Omomo & Esiri, 2024). While this might 

have sufficed in legacy environments, it proves 

inadequate in NGNs where services are highly 

dynamic, virtualized, and distributed across multiple 

layers and domains. 

The limitations of manual RCA in NGNs are rooted in 

several structural and operational challenges. Firstly, 

NGNs involve virtual network functions that can be 

instantiated, modified, or decommissioned 

dynamically, often in response to fluctuating service 

demands. These ephemeral components generate vast 

volumes of telemetry data, making it nearly 

impossible for human operators to trace the root 

cause of an issue manually in real time (Onukwulu, et 

al., 2023). Secondly, the decoupling of hardware and 

software components in SDN and NFV architectures 

introduces abstraction layers that obscure visibility 

into the underlying infrastructure (Adepoju, et al., 

2023, Okuh, et al., 2024, Ubamadu, et al., 2023). 

Thirdly, services in NGNs are increasingly delivered 

via multi-vendor, multi-cloud environments, each 

with distinct monitoring tools, performance 

benchmarks, and proprietary interfaces. This 

fragmentation adds layers of complexity that manual 

RCA cannot efficiently navigate, leading to prolonged 

mean time to repair (MTTR), increased service-level 
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agreement (SLA) violations, and degraded customer 

experience (Ogbuagu, et al., 2024, Otokiti, et al., 

2022). 

To address these limitations, modern RCA has 

evolved through the adoption of graph-based models 

and causality-inference mechanisms. Graph-based 

approaches treat network elements and their 

interdependencies as nodes and edges in a dynamic 

topology graph. These models enable the RCA system 

to map out the logical and physical relationships 

between components, services, and functions 

(Adepoju, et al., 2024, Oteri, et al., 2024). When a 

fault occurs, the graph structure allows the system to 

trace dependency paths backward to identify the 

origin of the problem. For example, if a degradation 

in video streaming quality is reported, the graph can 

help determine whether the root cause lies in 

bandwidth congestion, virtual machine failure, 

configuration drift, or hardware degradation at a 

specific data center node (Okuh, et al., 2023, Oluokun, 

et al., 2024). 

Causality-inference models go beyond correlation to 

attempt understanding of cause-effect relationships 

between events in the network. Machine learning 

algorithms, especially those based on Bayesian 

networks or Granger causality, can analyze historical 

and real-time data to differentiate between 

coincidental anomalies and actual causal factors. 

These models enhance the precision of RCA by 

reducing false positives and focusing remediation 

efforts on the true source of service impairment 

(Adepoju, et al., 2024, Okolie, et al., 2021, Ubamadu, 

et al., 2023). The integration of such models into 

network management systems also supports proactive 

RCA, where potential root causes are identified 

before they manifest into customer-facing issues. 

An important innovation accelerating RCA in NGNs 

is the concept of intent-based networking (IBN). IBN 

frameworks allow operators to define high-level 

business or operational intents—such as ensuring low 

latency for real-time applications or maintaining 

service continuity during maintenance activities—

while the underlying network automatically 

translates these intents into configuration and policy 

actions (Ogbuagu, et al., 2024, Oteri, et al., 2023). In 

this context, RCA becomes an integral part of the 

closed-loop assurance mechanism. When an intent is 

violated (e.g., latency exceeds a defined threshold for 

a 5G ultra-reliable low-latency communication 

service), the RCA engine is automatically triggered to 

diagnose the reason for the deviation (Adepoju, et al., 

2024, Onukwulu, et al., 2023). 

The integration of RCA with intent-based networking 

enables contextual and goal-oriented fault diagnosis. 

Rather than treating all faults equally, the system 

prioritizes analysis based on the impact on defined 

intents. This not only accelerates fault isolation but 

also aligns RCA outputs with business outcomes 

(Okolie, et al., 2022, Oluokun, et al., 2024). For 

instance, if two concurrent faults occur—one 

affecting a background data synchronization process 

and the other impacting a telemedicine application—

the RCA system guided by IBN would focus its 

analysis on the latter due to its higher business 

criticality. This prioritization ensures that 

troubleshooting resources are optimally utilized, 

enhancing operational efficiency and customer 

satisfaction (Adepoju, et al., 2024, Oteri, et al., 2023). 

In next-generation networks, particularly in 5G 

environments, services are often composed of 

functions spread across multiple domains and layers—

radio access networks (RAN), transport networks, 

core networks, and application layers. This 

architecture necessitates multi-domain and cross-

layer fault diagnosis capabilities. RCA in such 

contexts must be able to correlate faults that originate 

in one domain but manifest symptoms in another. For 

example, a software bug in the virtualized core 

network may result in session drops that appear as 

access issues in the RAN. Without cross-domain 

visibility and correlation, such faults may be 

misdiagnosed, leading to incorrect remediation 

actions (Adepoju, et al., 2024, Okolie, et al., 2023, 

Ubamadu, et al., 2024). 



International Journal of Scientific Research in Science, Engineering and Technology | www.ijsrset.com | Vol 11 | Issue 4 

Nasiru Hayatu et al Int J Sci Res Sci Eng Technol, July-August -2024, 11 (4) : 346-383 

 

 

 
354 

Cross-layer RCA is equally important. In a virtualized 

environment, an issue may span across infrastructure 

(e.g., hardware failures), virtualization (e.g., resource 

contention in hypervisors), network (e.g., congestion 

in virtual switches), and application (e.g., database 

latency). Advanced RCA systems utilize data lake 

architectures, telemetry collectors, and machine 

learning pipelines to ingest and analyze data across 

these layers in a unified manner (Ogbuagu, et al., 

2024, Onukwulu, et al., 2023). Correlation engines 

apply temporal and spatial analysis to align events 

from different layers and determine root causes with 

high confidence. This approach reduces the number 

of alarms that require manual triage and increases the 

rate of first-time-right resolutions. 

Cloud-native architectures introduce further 

complexity in RCA due to the use of containers, 

microservices, and continuous integration/continuous 

deployment (CI/CD) practices. In such environments, 

services are often composed of hundreds or thousands 

of microservices deployed across multiple clusters and 

cloud regions. Each microservice can fail, degrade, or 

interact unexpectedly with others (Adepoju, et al., 

2024, Ofodile, et al., 2024, Oteri, et al., 2023). 

Traditional RCA tools are ill-equipped to handle this 

level of granularity and dynamism. Modern RCA 

systems tailored for cloud-native architectures 

leverage service mesh observability, distributed 

tracing, and AI-powered log analytics to pinpoint the 

root cause of issues across microservice chains 

(Odujobi, et al., 2024, Oluokun, et al., 2024). 

For example, when a user experiences increased 

latency in a cloud-hosted voice application, the RCA 

system must be able to trace the request across 

multiple services—authentication, voice encoding, 

media handling, and billing—while identifying which 

specific container or function instance is responsible 

for the delay. This requires real-time analysis of logs, 

metrics, and traces across different technology stacks 

and deployment environments. RCA engines that 

integrate with Kubernetes, Prometheus, Jaeger, and 

similar observability tools are crucial for achieving 

this level of insight (Adepoju, et al., 2024, Okolie, et 

al., 2023, Ubamadu, et al., 2024). Furthermore, as 

CI/CD pipelines frequently update code and 

configurations, RCA must incorporate versioning 

awareness to correlate new deployments with 

emergent faults. 

In addition, RCA systems in cloud-native 

environments benefit from automated root cause 

localization techniques, where machine learning 

models flag anomalies associated with specific service 

versions, deployment times, or infrastructure changes. 

By using unsupervised learning techniques such as 

clustering and dimensionality reduction, these 

systems can discover previously unknown fault 

patterns and help DevOps teams understand the 

systemic behavior of complex deployments (Odionu, 

et al., 2024, Tula, et al., 2004). 

In conclusion, root cause analysis in next-generation 

networks has undergone a profound transformation in 

response to the scale, speed, and complexity of 

modern telecommunications infrastructures. The 

limitations of manual RCA have given way to data-

driven, intelligent, and automated systems that 

leverage graph-based models, causality inference, 

intent-based logic, and multi-domain visibility 

(Adepoju, et al., 2024, Tomoh, et al., 2024). As 

networks become more virtualized and cloud-native, 

the ability to trace faults across ephemeral, distributed 

components is essential for maintaining service 

quality and meeting SLA commitments. Advanced 

RCA solutions are now essential tools in the 

operator’s arsenal, not only for fault resolution but 

also for continuous assurance, proactive optimization, 

and customer-centric service delivery in the era of 

intelligent connectivity (Odionu, et al., 2024, 

Onukwulu, et al., 2023). 

 

Innovations in Vendor Compliance 

As next-generation networks (NGNs) continue to 

evolve in complexity, scale, and heterogeneity, 

ensuring vendor compliance has become an 

increasingly critical aspect of service assurance. The 
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modern telecommunications ecosystem is now a 

highly fragmented landscape characterized by the 

coexistence of legacy equipment, virtualized network 

functions, cloud-native applications, and third-party 

service providers (Okolie, et al., 2024, Sule, et al., 

2024). This diversity—while fostering innovation—

also introduces significant operational and 

governance challenges. Vendor accountability is 

paramount to ensure that services delivered across 

various platforms and partners adhere to strict 

service-level agreement (SLA) parameters, regulatory 

requirements, and security standards (Adepoju, et al., 

2024, Odionu, et al., 2024, Oriekhoe, et al., 2024). The 

traditional models of vendor oversight, based on static 

reports, audits, and manual checks, are no longer 

sufficient in this dynamic environment. 

The need for vendor accountability in multi-vendor 

ecosystems stems from the distributed nature of 

service delivery in NGNs. Unlike traditional networks 

where a single vendor might provide end-to-end 

infrastructure, today’s networks often rely on 

different vendors for hardware, virtualization 

platforms, orchestration tools, monitoring systems, 

and even core service functions (Adeniran, et al., 

2022, Soyege, et al., 2024). These vendors may operate 

in geographically dispersed regions, under different 

compliance regimes, and with varying levels of 

integration into the operator’s systems. In such 

settings, ensuring that each vendor component 

performs as expected and complies with predefined 

contractual obligations becomes a formidable task. 

Failures in one vendor domain can cascade through 

service chains, resulting in degraded user experience 

and potential SLA breaches, for which pinpointing 

responsibility is often difficult without a robust 

compliance framework (Abatan, et al., 2024, 

Onukwulu, et al., 2023). 

To address these complexities, smart contracts are 

emerging as a powerful tool for SLA enforcement in 

NGNs. Built on distributed ledger technologies 

(DLTs), smart contracts are programmable agreements 

that execute automatically when predefined 

conditions are met. They provide a transparent, 

tamper-proof, and automated mechanism for 

enforcing compliance across multiple parties 

(Adeniran, et al., 2024, Okolie, et al., 2024, Soyege, et 

al., 2024). In telecom environments, smart contracts 

can encode SLA terms such as latency thresholds, 

uptime guarantees, or throughput requirements. 

When a vendor’s performance deviates from these 

terms, the smart contract can trigger specific 

actions—such as issuing penalties, initiating alerts, or 

reallocating resources—without requiring manual 

intervention. This automation reduces the operational 

burden of compliance monitoring and increases the 

precision and fairness of enforcement mechanisms 

(Okeke, et al., 2024, Oriekhoe, et al., 2024). 

For instance, in a 5G network slice supporting critical 

IoT applications, a smart contract could continuously 

evaluate telemetry data to ensure that the latency 

remains below a certain threshold. If the vendor 

responsible for the virtualized RAN fails to maintain 

this performance, the contract could trigger a 

remediation workflow or even initiate an automated 

vendor switch if redundancy is in place (Adeniran, et 

al., 2024, Soremekun, et al., 2024). By making SLA 

enforcement programmable and self-executing, smart 

contracts also build trust among stakeholders, 

particularly in environments where multiple parties 

are involved in service delivery and 

interdependencies are complex (Odionu, et al., 2024, 

Oluokun, et al., 2024). 

Blockchain-based auditing mechanisms complement 

smart contracts by offering a secure and immutable 

way to log vendor actions, configuration changes, 

service-level metrics, and compliance events. 

Blockchain technology creates a shared ledger where 

every transaction or change is cryptographically 

secured and time-stamped, ensuring traceability and 

non-repudiation (Odionu & Ibeh, 2024, Onyeke, et al., 

2023). In multi-vendor NGNs, blockchain can be used 

to maintain a distributed compliance log that includes 

records of SLA metrics, fault response times, patch 

deployments, and security updates. Since these 
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records are decentralized, no single vendor or 

operator can manipulate the data, providing a reliable 

source of truth for audits, dispute resolution, and 

regulatory inspections (Adeniran, et al., 2024, Okeke, 

et al., 2024, Soremekun, et al., 2024). 

Moreover, blockchain can support hierarchical 

auditing structures, where different stakeholders—

operators, regulators, and even customers—are 

granted varying levels of access to compliance data 

based on their roles and permissions. This level of 

transparency is particularly valuable in jurisdictions 

with strict data integrity requirements or in projects 

funded by public institutions where accountability is 

paramount (Abatan, et al., 2024, Soremekun, et al., 

2024). Blockchain-enabled systems can also facilitate 

compliance with data residency laws by segmenting 

records geographically while maintaining cross-

border visibility through federated ledgers (Adeniran, 

et al., 2024, Ojukwu, et al., 2024, Onukwulu, et al., 

2023). 

A major advancement in vendor compliance is the 

integration of compliance engines directly into 

orchestration platforms. These engines operate as 

intelligent modules embedded within network 

orchestrators that oversee the deployment, scaling, 

and lifecycle management of virtualized and 

containerized network functions (Solanke, et al., 

2024). By embedding compliance logic into 

orchestration workflows, operators can ensure that 

every vendor-provided function is deployed in a 

manner that meets contractual, regulatory, and 

security requirements from the outset (Odionu & 

Ibeh, 2024, Oluokun, et al., 2024). 

For example, when deploying a virtual firewall 

provided by a third-party vendor, the compliance 

engine can automatically verify that the function has 

passed security validation, that it uses approved 

container images, and that it includes logging and 

alerting configurations compliant with the operator’s 

policies (Adeniran, et al., 2024, Odio, et al., 2021). 

During runtime, the engine can monitor the 

function’s performance and behavior, comparing it 

against SLA terms and predefined compliance 

baselines. If deviations are detected, the engine can 

trigger corrective actions such as throttling, 

rescheduling, or invoking remediation playbooks 

(Ojukwu, et al., 2024, Solanke, et al., 2024). 

Compliance engines also facilitate continuous 

compliance in dynamic NGN environments where 

service configurations, workloads, and network 

conditions are constantly changing. Through the use 

of policy-as-code, machine learning models, and rule-

based engines, these systems adapt to evolving 

conditions and learn from past incidents to refine 

their enforcement mechanisms (Odio, et al., 2024, 

Onukwulu, et al., 2024). Integration with 

configuration management tools like Ansible or 

Kubernetes operators enables automated remediation, 

reducing downtime and human error. Furthermore, 

the orchestration-compliance integration ensures that 

compliance is treated as a continuous lifecycle process 

rather than a point-in-time audit (Adeniran, et al., 

2024, Odio, et al., 2024, Sodiya, et al., 2024). 

Case studies from real-world deployments illustrate 

the transformative impact of these innovations in 

vendor compliance. In one 5G testbed project led by a 

European telecom consortium, blockchain and smart 

contracts were used to automate SLA enforcement 

across three independent vendors providing the RAN, 

transport, and core network components. The system 

detected a repeated SLA violation in packet loss 

attributed to the transport vendor. The smart contract 

triggered a penalty and automatically reduced the 

vendor’s access to shared orchestration resources until 

the issue was resolved and verified through a 

blockchain-logged remediation event (Ojukwu, et al., 

2024, Onukwulu, et al., 2024). 

Another example comes from a cloud-native telecom 

operator in Southeast Asia that implemented 

compliance engines within its Kubernetes-based 

orchestration platform. The engines monitored 

container health, image provenance, and runtime 

behaviors across microservices provided by multiple 

vendors. When an anomalous spike in CPU usage was 
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detected in a billing service, the system automatically 

flagged a compliance breach, rolled back the service 

to a verified version, and issued a report to both the 

operator and the vendor through an automated 

compliance dashboard (Adeniran, et al., 2024, Sodiya, 

et al., 2024). This not only prevented further 

customer impact but also demonstrated the value of 

real-time, embedded compliance mechanisms. 

These examples underscore the growing importance 

of automation, transparency, and real-time 

accountability in vendor compliance strategies for 

NGNs. As telecom operators continue to embrace 

digital transformation and cloud-native paradigms, 

the legacy approaches to vendor oversight will no 

longer suffice. Manual audits, periodic reviews, and 

subjective assessments must be replaced by intelligent, 

data-driven, and enforceable systems that operate 

seamlessly within the service orchestration layer 

(Ojukwu, et al., 2024, Sobowale, et al., 2021). 

In conclusion, the innovations in vendor compliance 

for next-generation networks—spanning smart 

contracts, blockchain-based auditing, and compliance 

engines embedded in orchestration—represent a 

significant leap forward in ensuring service quality, 

regulatory adherence, and vendor accountability. 

These technologies empower operators to move from 

reactive to proactive compliance management, reduce 

operational complexity, and foster greater trust across 

the multi-vendor ecosystem (Adeniran, et al., 2024, 

Oluokun, Ige & Ameyaw, 2024)). As networks 

become more dynamic and software-defined, 

embedding compliance into the core of service 

orchestration and lifecycle management will be 

essential to achieving the high availability, reliability, 

and transparency that next-generation services 

demand. 

 

Gaps, Challenges, and Opportunities 

Despite the remarkable progress in service level 

agreement (SLA) monitoring, root cause analysis 

(RCA), and vendor compliance in next-generation 

networks (NGNs), significant gaps and challenges 

continue to hinder the full realization of intelligent, 

automated, and resilient service assurance. These 

challenges, while partly technical, are deeply rooted 

in systemic issues such as fragmented standards, 

vendor silos, regulatory disparities, and the evolving 

nature of network architectures (Adeniran, et al., 

2024, Sobowale, et al., 2021). At the same time, the 

current environment offers unprecedented 

opportunities for innovation, convergence, and 

strategic alignment of operational models across the 

telecom ecosystem. 

One of the most critical challenges lies in the lack of 

cross-domain SLA standardization. As NGNs integrate 

diverse technologies—ranging from 5G, SDN, and 

NFV to cloud-native platforms and edge computing—

the traditional boundaries between network layers 

and service domains are dissolving. A single service 

may now span radio access networks (RAN), transport 

networks, virtualized core networks, cloud 

infrastructure, and application services (Ojukwu, et 

al., 2024, Onukwulu, et al., 2024). Each of these 

domains often operates with its own set of 

performance indicators, data collection methods, and 

SLA frameworks, resulting in inconsistent or 

incompatible metrics across the service lifecycle. This 

fragmentation undermines end-to-end SLA assurance, 

as breaches may be detected in one domain but 

remain unresolved due to the lack of visibility or 

ownership in others (Adeniran, et al., 2024, Ojika, et 

al., 2023, Sobowale, et al., 2022). 

For example, a degraded video streaming experience 

could be caused by packet loss in the RAN, high 

latency in the backhaul network, misconfigured 

virtual machines in the core, or suboptimal content 

delivery at the application layer. Without 

standardized SLA definitions and performance 

thresholds that span all domains, it becomes difficult 

to detect, localize, and remediate the issue efficiently 

(Abdul, et al., 2023, Olowe, et al., 2024). This lack of 

end-to-end SLA visibility not only impacts 

operational performance but also complicates 

customer communication and contractual 
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enforcement. Furthermore, service-level definitions 

vary widely between vendors, leading to 

inconsistencies in measurement, interpretation, and 

reporting. These inconsistencies limit the utility of 

SLAs as enforceable, customer-facing guarantees and 

hinder the integration of SLA intelligence into 

orchestration and assurance systems (Adeniran, et al., 

2024, Sobowale, et al., 2023). 

Interoperability between tools and vendors is another 

longstanding challenge that persists even in the era of 

open APIs and virtualization. Many operators still 

rely on a patchwork of legacy systems, proprietary 

platforms, and fragmented data pipelines to monitor 

and manage network performance. Despite the 

availability of standard frameworks such as ETSI NFV, 

TM Forum Open APIs, and ONAP, actual 

implementation across the ecosystem is inconsistent. 

Vendors often introduce customized interfaces, 

telemetry formats, and data models that require 

extensive integration work (Ojika, et al., 2023, 

Onukwulu, et al., 2024). This lack of interoperability 

not only increases operational complexity but also 

delays the deployment of unified SLA monitoring, 

RCA engines, and vendor compliance platforms. 

The problem becomes more acute in hybrid and 

multi-cloud environments, where operators use 

services from different cloud providers in 

combination with on-premises infrastructure and 

third-party network function vendors. In such 

environments, siloed monitoring tools cannot provide 

holistic insights, making RCA difficult and SLA 

enforcement weak. Operators may find themselves 

unable to correlate events across domains, automate 

responses, or hold vendors accountable due to 

incompatible data schemas or missing metadata 

(Olowe, et al., 2024). As a result, critical service 

degradations may be misdiagnosed, remediation 

delayed, and customer satisfaction compromised 

(Adeniran, et al., 2024, Ojika, et al., 2021, Sobowale, 

et al., 2024). The failure to achieve tool-level and 

data-level interoperability also hampers the adoption 

of AI-driven analytics and automation, which depend 

on access to comprehensive, standardized datasets to 

function effectively. 

Regulatory and geopolitical constraints further 

compound these technical issues. As NGNs span 

national borders and jurisdictions, operators and 

vendors must navigate a complex web of regulatory 

requirements related to data sovereignty, 

cybersecurity, service localization, and lawful 

interception (Ohei, et al., 2023, Sanyaolu, et al., 2024). 

These requirements often vary significantly between 

countries and are subject to frequent changes, making 

compliance both costly and operationally burdensome. 

In many cases, operators are required to localize 

certain network functions or data storage components, 

which may conflict with global service orchestration 

or cloud-native deployment models (Adeniran, et al., 

2024, Ohakawa, et al., 2024, Onoja, et al., 2024). 

Vendor compliance monitoring in this context 

becomes more complicated, as different jurisdictions 

may impose different audit standards, encryption 

requirements, or service performance guarantees. A 

vendor that is compliant in one region may not meet 

the regulatory thresholds in another, and centralized 

monitoring systems may struggle to reconcile or 

enforce region-specific compliance policies 

(Ogunwole, et al., 2022, Onita, et al., 2024). Moreover, 

geopolitical tensions can influence vendor 

relationships, procurement decisions, and cross-

border service contracts (Adeniran, et al., 2024, 

Sanyaolu, et al., 2023). Governments may restrict the 

use of specific vendors or technologies, leading to 

abrupt changes in vendor ecosystems that challenge 

continuity of SLA monitoring and enforcement. 

Despite these challenges, the future presents 

substantial opportunities for improving SLA 

monitoring, RCA, and vendor compliance through 

automation, intelligence, and collaborative standards. 

One emerging trend is the rise of AI-driven 

compliance automation, where machine learning 

models and policy engines continuously evaluate 

network behavior against dynamic SLA and 

compliance policies. These systems can adapt to 
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changing conditions, learn from past incidents, and 

automatically trigger remediation actions. 

Compliance automation not only reduces operational 

costs but also improves accuracy and response time, 

particularly in large-scale, heterogeneous networks 

(Adeleke, Igunma & Nwokediegwu, 2021, Sanyaolu, 

et al., 2023). 

Another promising trend is the adoption of digital 

twins in network operations. A digital twin is a real-

time, virtual replica of the network that mirrors its 

topology, performance, and state. By simulating 

service behavior under various conditions, digital 

twins can predict potential SLA violations, test RCA 

hypotheses, and validate compliance scenarios before 

they impact live services (Ogunwole, et al., 2022, 

Ozobu, et al., 2022). This proactive capability 

transforms assurance from a reactive activity to a 

continuous, predictive process that enhances both 

service quality and operational resilience. 

The increased focus on collaborative standardization 

is also expected to reduce fragmentation and promote 

cross-domain SLA coherence. Industry alliances such 

as the TM Forum, 3GPP, ETSI, and GSMA are 

actively working on harmonizing SLA definitions, 

data models, and API specifications for NGNs. These 

efforts aim to establish common ground for SLA 

reporting, RCA interoperability, and compliance 

enforcement across vendors and service domains. By 

aligning on reference architectures and certification 

frameworks, these initiatives can simplify integration, 

reduce deployment time, and improve vendor 

accountability (Adeleke, et al., 2024, Ogunwole, et al., 

2023, Onita, et al., 2023). 

Moreover, distributed ledger technologies such as 

blockchain offer opportunities for tamper-proof 

compliance auditing and SLA verification. As 

discussed in recent developments, blockchain-based 

systems can store immutable records of SLA 

performance, vendor actions, and compliance events, 

enabling transparent and automated dispute 

resolution. This transparency is especially valuable in 

multi-vendor service chains, where trust and 

accountability are crucial (Ogunwole, et al., 2023, 

Ozobu, et al., 2023). 

In conclusion, the advancement of SLA monitoring, 

root cause analysis, and vendor compliance in next-

generation networks is a double-edged sword—full of 

promise yet fraught with complex challenges. Cross-

domain standardization issues, interoperability 

barriers, and regulatory constraints remain significant 

hurdles that must be addressed to unlock the full 

potential of intelligent, resilient, and automated 

service assurance (Abiola, Okeke & Ajani, 2024), 

Olowe, et al., 2024). However, the opportunities for 

innovation—ranging from AI-powered automation to 

digital twins and distributed compliance 

mechanisms—offer a clear path forward. To seize 

these opportunities, stakeholders across the telecom 

ecosystem must collaborate on shared standards, 

invest in interoperable platforms, and embed 

intelligence into the core of operational processes. 

Only through such concerted efforts can SLA 

monitoring, RCA, and vendor compliance evolve 

from reactive support functions into proactive 

enablers of next-generation network excellence. 

 

Proposed Integrated Framework 

The growing complexity of next-generation networks 

(NGNs)—driven by advancements in 5G, software-

defined networking (SDN), network function 

virtualization (NFV), and cloud-native services—

demands a fundamentally new approach to service 

assurance. Traditional siloed and manual mechanisms 

for service level agreement (SLA) monitoring, root 

cause analysis (RCA), and vendor compliance are no 

longer sufficient to ensure real-time service visibility, 

rapid fault resolution, and end-to-end accountability 

(Ogunwole, et al., 2023, Ozobu, et al., 2023). A 

comprehensive and adaptive integrated framework is 

needed—one that combines artificial intelligence, 

automation, cross-domain analytics, and secure, 

programmable governance. The proposed integrated 

framework brings together AI-enabled SLA 

monitoring, context-aware RCA, smart contract-
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driven vendor compliance, and a modular integration 

architecture that defines clear roles for stakeholders 

and ensures operational cohesion (Adeleke, et al., 

2024, Onita, Ebeh & Iriogbe, 2023). 

At the heart of this framework is the AI-enabled SLA 

monitoring layer. This layer continuously tracks 

performance across network domains and 

infrastructure tiers, leveraging telemetry data, 

application metrics, and service-level indicators to 

build a real-time picture of operational health 

(Adekunle, et al., 2023, Ogunwole, et al., 2024, 

Oyeyipo, et al., 2023). Unlike traditional SLA 

monitoring, which relies on static thresholds and 

periodic snapshots, the AI-powered layer uses 

machine learning algorithms to detect anomalies, 

predict breaches, and recommend preemptive actions. 

These models are trained on historical performance 

data, service usage patterns, and network topologies, 

enabling them to identify nuanced deviations that 

may not cross static threshold limits but still impact 

service quality. 

For instance, an AI model can recognize subtle 

latency increases in a virtualized core network 

function that may indicate emerging resource 

contention. Rather than waiting for the issue to 

degrade the customer experience or trigger a breach, 

the system can flag the pattern and initiate auto-

scaling or function migration. Furthermore, this layer 

supports dynamic SLA management, where 

performance thresholds are context-sensitive and 

adjusted based on time-of-day, service type, user 

location, and priority level (Abiola, Okeke & Ajani, 

2024), Onaghinor, et al. ,2021). This enables 

differentiated service levels for critical applications 

like autonomous driving or remote surgery, while 

optimizing resource use for non-critical workloads 

such as video streaming or file downloads. Real-time 

dashboards and visualization interfaces offer insights 

to operations teams, while API integrations allow 

seamless data flow to orchestration and assurance 

platforms (Adekunle, et al., 2023, Oyeyipo, et al., 

2024). 

Complementing this intelligent SLA monitoring is the 

RCA engine with context-aware logic. This 

component is designed to function across multiple 

layers and domains—physical infrastructure, virtual 

functions, application services, and orchestration 

environments. It uses graph-based topological models 

to map relationships among network components and 

data dependencies (Ogunwole, et al., 2024, Oyeyemi, 

et al., 2024). When a performance anomaly is 

detected, the RCA engine applies correlation and 

causality inference algorithms to trace the fault back 

to its root cause. This is particularly important in 

NGNs where services are built on dynamic service 

chains that span cloud providers, edge computing 

platforms, and multi-vendor infrastructure. 

Context-aware RCA logic incorporates metadata 

about service intent, operational policies, and user 

impact to prioritize investigations. For example, if 

two faults occur simultaneously—one in a billing 

microservice and another in the voice delivery path—

the engine can prioritize analysis of the latter if it 

affects real-time communication. The engine also 

integrates with digital twins and simulation 

environments, allowing it to replay past incidents or 

test hypotheses under controlled conditions 

(Adekunle, et al., 2023, Ogunwole, et al., 2024, 

Onaghinor, et al. ,2021). This improves diagnostic 

accuracy, accelerates remediation, and supports the 

development of predictive fault models. RCA outputs 

are fed back into the SLA monitoring layer, enabling 

continuous learning and improved anomaly detection 

over time (Adekugbe, & Ibeh, 2024, Oyedokun, Ewim 

& Oyeyemi, 2024). 

To ensure accountability across the increasingly 

distributed vendor landscape, the framework 

integrates vendor compliance automation via smart 

contracts. These programmable agreements are 

deployed on distributed ledger technologies, such as 

blockchain, and encode SLA parameters, regulatory 

obligations, and penalty conditions (Olowe, et al., 

2024). When a vendor-managed network function, 

such as a virtual firewall or transport slice, fails to 
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meet SLA criteria, the smart contract autonomously 

enforces the agreed-upon action—be it a penalty, 

service downgrade, or initiation of a backup service. 

This removes the delays and ambiguities associated 

with manual enforcement, builds trust in multi-party 

environments, and supports rapid dispute resolution 

(Ogunwole, et al., 2024, Owobu, et al., 2021). 

Smart contracts also enable real-time auditing by 

logging performance data, configuration changes, and 

vendor actions on a tamper-proof ledger. This audit 

trail is accessible to stakeholders with appropriate 

permissions—such as regulators, operators, and 

service customers—offering transparency and 

traceability. For instance, in a cross-border 5G service 

involving multiple vendors, smart contracts can 

record SLA metrics for each domain and attribute 

deviations accurately to the responsible party 

(Adekugbe, & Ibeh, 2024, Ogunsola, et al., 2024, 

Oyedokun, Ewim & Oyeyemi, 2024). This not only 

improves accountability but also aligns vendor 

incentives with service quality, fostering a culture of 

continuous improvement and performance 

optimization. 

Central to the functionality of this integrated 

framework is a well-defined integration architecture 

and clearly delineated stakeholder roles. The 

architecture is modular, supporting plug-and-play 

interoperability across legacy systems and next-gen 

platforms through open APIs, standardized data 

models, and service-oriented components. At the data 

layer, telemetry collectors, performance agents, and 

observability tools gather metrics and logs from across 

the infrastructure (Abisoye & Akerele, 2022, 

Oyedokun, Ewim & Oyeyemi, 2024). These are 

ingested into a unified data lake, which feeds the AI 

models, RCA engines, and smart contract triggers. 

Orchestration platforms act as the control layer, 

executing policy-based actions such as auto-

remediation, vendor switching, and resource scaling 

in response to SLA or compliance events (Abisoye & 

Akerele, 2022, Ogunsola, et al., 2024, Onaghinor, et 

al. ,2021). 

Stakeholders operate within this architecture with 

defined responsibilities. Network operators are 

responsible for defining SLA policies, integrating 

monitoring components, and maintaining 

orchestration workflows. Vendors are required to 

expose telemetry, configuration data, and control 

interfaces in accordance with agreed standards, while 

ensuring their services remain compliant with 

encoded smart contracts (Adekugbe, & Ibeh, 2024, 

Omotoye, et al., 2024). Regulators can access 

compliance reports and audit trails to verify 

adherence to national policies and data protection 

laws. Customers, particularly in enterprise contexts, 

can gain visibility into SLA performance and trust the 

accountability mechanisms in place (Abisoye & 

Akerele, 2021, Oyedokun, et al., 2024). Cross-

functional collaboration among these stakeholders is 

facilitated by compliance dashboards, shared data 

repositories, and collaborative remediation platforms. 

This framework supports the evolution of operations 

from reactive to proactive to autonomous. Initially, it 

enhances fault detection and resolution through 

improved monitoring and analysis. As the models 

mature, predictive insights enable preemptive 

interventions, reducing SLA breaches and optimizing 

user experience (Adaga, et al., 2024, Ogunsola, et al., 

2024, Owobu, et al., 2021). In the final stage, closed-

loop automation drives zero-touch operations, where 

the network dynamically adapts to conditions and 

enforces compliance without human intervention. 

These advancements support the business goals of 

NGNs: delivering high-quality, differentiated services 

with agility, efficiency, and reliability (Adekoya, et al., 

2024, Omaghomi, et al., 2024). 

Moreover, the integrated framework is scalable and 

adaptable across diverse deployment models—from 

private 5G networks and telco edge environments to 

global, cloud-native telecom architectures. Its 

components can be deployed incrementally, allowing 

operators to prioritize the most critical assurance 

capabilities based on organizational maturity and 

network demands (Adedapo, et al., 2023, Ogunsina, et 
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al., 2024, Oyedokun, et al., 2024). It also aligns with 

emerging industry initiatives such as ETSI ZSM 

(Zero-Touch Service Management), TM Forum’s 

Open Digital Architecture, and GSMA’s Network 

Data Analytics Function (NWDAF), ensuring future 

compatibility and ecosystem alignment. 

In conclusion, the proposed integrated framework 

offers a holistic, intelligent, and automated approach 

to SLA monitoring, RCA, and vendor compliance in 

next-generation networks. By combining AI-powered 

analytics, context-aware fault diagnostics, 

programmable smart contract enforcement, and a 

modular integration architecture, it addresses the 

critical challenges of complexity, fragmentation, and 

accountability in modern telecom environments 

(Adekoya, et al., 2024, Omaghomi, et al., 2024). This 

framework not only enhances service reliability and 

operational efficiency but also positions telecom 

providers to meet the demands of emerging digital 

services, enterprise use cases, and future network 

evolution with confidence and resilience (Adefemi, et 

al., 2024, Ogunsina, et al., 2024, Oyedokun, 2019). 

 

Conclusion 

The evolution of SLA monitoring, root cause analysis 

(RCA), and vendor compliance in next-generation 

networks (NGNs) reflects a significant shift from 

traditional, reactive approaches to intelligent, 

automated, and proactive service assurance strategies. 

As NGNs become more dynamic and distributed—

powered by 5G, SDN, NFV, and cloud-native 

technologies—the need for real-time visibility, cross-

domain coordination, and end-to-end accountability 

has grown exponentially. This review has explored 

the major advances shaping this transformation, 

including AI-driven SLA monitoring that predicts and 

mitigates service degradation before breaches occur, 

graph-based and causality-aware RCA engines 

capable of diagnosing faults across virtualized and 

multi-layered networks, and smart contract-enabled 

vendor compliance systems that automate 

enforcement and auditing in complex, multi-vendor 

ecosystems. Together, these innovations mark a 

critical departure from siloed monitoring systems 

toward integrated, adaptive, and service-centric 

assurance frameworks. 

The implications of these advances are far-reaching 

for telecom operators and regulators alike. For 

operators, adopting intelligent SLA monitoring and 

automated RCA offers a path to improving service 

quality, reducing operational costs, and enhancing 

customer experience. It enables a transition to closed-

loop automation and zero-touch operations, where 

networks self-diagnose and self-heal with minimal 

human intervention. Vendor compliance innovations 

foster greater trust and transparency across 

partnerships, reducing the risk of SLA violations and 

regulatory non-compliance. For regulators, the 

adoption of blockchain-based compliance 

mechanisms and standardized audit frameworks can 

enhance oversight while encouraging innovation and 

competition. By embedding real-time observability 

and accountability into network infrastructures, 

operators and regulators can collaboratively uphold 

quality-of-service commitments in an increasingly 

digital and interconnected world. 

However, realizing the full potential of these 

advances requires continued investment in research, 

standardization, and cross-industry collaboration. 

Future research should focus on refining AI models 

for SLA and RCA systems, particularly in the context 

of diverse service types and evolving threat 

landscapes. Greater emphasis should be placed on 

creating interoperable frameworks that unify 

monitoring across domains, vendors, and technologies. 

In addition, the development of standardized 

resilience and compliance metrics will be essential for 

benchmarking and governance. Ultimately, a holistic 

and collaborative approach—spanning technical 

innovation, policy alignment, and operational 

readiness—will be critical to achieving robust, 

responsive, and intelligent service assurance in next-

generation networks. 
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