Telco Al Roadmap:

Standards Blueprint for the Journey to
the Autonomous Network

Executive Summary

Telcos stand at a pivotal moment where Al can transform networks into intelligent,
autonomous systems, but successful adoption demands a structured, standards-driven
approach.

The TM Forum provides the operational blueprint through its Autonomous Networks
Framework (defining Levels 0-5 of autonomy), the Al-Native Architecture, Open Digital
Architecture (ODA), and tools like the Generative Al Maturity Interactive Tool (GAMIT)
and high-value use-case catalog (1G1339).

Complementing this, ETSI delivers the critical technical and security foundation via its
ZSM and ENI specifications for zero-touch automation, TS 104 223 for Al lifecycle
security, and enablers such as Network Digital Twins, federated learning, and Securing
Al (SAI) guidelines.

Together, these bodies—through joint initiatives like the Multi-SDO Autonomous
Networks Table—offer telcos an aligned, vendor-agnostic path from pilot to full
autonomy.
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Al-Powered Autonomous Networks: A
Strategic Briefing

Executive Summary

The telecommunications industry is undergoing a fundamental paradigm shift, moving
from traditional, reactive network management to a proactive, automated model driven
by Atrtificial Intelligence (Al). The escalating complexity of modern networks, particularly
with the deployment of 5G and the advent of 6G, has rendered manual, historical
data-based planning methods insufficient. Autonomous Networks (AN), enabled by a
new generation of Al, are emerging as a strategic necessity for Communications
Service Providers (CSPs) to enhance operational efficiency, ensure service reliability,
and unlock new revenue streams.

This briefing synthesizes the core themes surrounding the integration of Al into network
operations. Al serves as the primary enabler for advancing through the levels of network
autonomy, with a particular focus on achieving Level 4 (High Autonomy), where
networks can self-adapt, self-optimize, and self-heal with minimal human intervention.
Key innovative technologies are at the forefront of this transformation, including Agentic
Al systems capable of autonomous reasoning and action; Generative Al (GenAl),
which facilitates intuitive, intent-driven management through natural language; and
Network Digital Twins (NDTs), which provide virtual replicas for risk-free simulation,
testing, and optimization.

The business case for this evolution is compelling, with tangible benefits including
significant reductions in operational expenditure (OPEX), faster mean-time-to-resolution
(MTTR) for network issues, improved Service Level Agreement (SLA) compliance, and
enhanced customer experiences. Leading global operators and vendors are already
deploying these technologies, demonstrating measurable improvements in areas like
predictive maintenance, dynamic resource allocation, and automated root cause
analysis.

However, the path to full autonomy is not without challenges. Key obstacles include
ensuring data quality and availability, integrating Al with legacy systems, managing new
security risks unique to autonomous agents, and fostering trust through explainability
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and robust governance. Standardization bodies like TM Forum, ETSI, and 3GPP are
creating crucial frameworks to ensure interoperability and guide this industry-wide
transformation. Ultimately, the successful adoption of Al-driven autonomous networks
represents a competitive imperative, positioning CSPs to thrive in an increasingly
complex and demanding digital ecosystem.

1. The Imperative for Autonomous Networks

Traditional network planning and management are fundamentally reactive. Engineers
have historically relied on analyzing past traffic data and using static spreadsheets to
make infrastructure decisions. This approach is no longer sustainable in the face of
modern network demands, characterized by:

e Surging Complexity: The scaling of 5G deployments, with diverse use cases
ranging from enhanced mobile broadband to ultra-reliable low-latency
communications, has created unprecedented operational challenges.

e Massive Data Volumes: Modern networks generate enormous amounts of
telemetry data, logs, and events that are beyond human capacity to manage
manually.

e Dynamic Environments: Traffic patterns can change rapidly due to major
events, new service rollouts, or seasonal shifts, requiring real-time adaptability
that static methods cannot provide.

This complexity has outgrown what traditional methods can handle, leading to a critical
need for automation and intelligence. Autonomous Networks (AN) address this need by
embedding intelligence directly into network operations, enabling them to operate with
minimal human intervention.

1.1 Core "Self-X" Capabilities of Autonomous Networks

The goal of AN is to create systems that are self-sufficient. This is defined by a set of
"Self-X" properties, where Al acts as the core enabling force:

e Self-Configuration: Networks automatically configure components and adapt to
changes without human input. Al algorithms can detect new network elements
and integrate them seamlessly.

e Self-Optimization: Networks continuously monitor performance metrics and use
Al to make real-time decisions on resource allocation, traffic routing, and Quality

TelcoFutures.net | Page 4



https://telcofutures.net/

of Service (QoS) management.
Self-Healing: Networks can autonomously detect, diagnose, and recover from
faults and failures, often before customers are impacted.

Self-Protection: Networks proactively identify and mitigate security threats and

vulnerabilities.

Self-Learning: Through continuous analysis, Al systems build sophisticated
models of network behavior, refining their strategies and adapting to new
requirements over time.

2. Frameworks for Autonomy: The TM Forum AN Levels

To provide a clear roadmap for this evolution, the TM Forum has established a widely
adopted framework defining six levels of network autonomy. This model benchmarks
the journey from fully manual operations (Level 0) to a state of complete automation

(Level 5).

Currently, the majority of telcos (84%) operate at Level 1 or Level 2. The industry's
near-term goal is to reach Level 3 or Level 4 within the next five years, with Level 4
representing a critical milestone where networks transition from being situationally
aware to possessing proactive, predictive intelligence and autonomous decision-making

capabilities.
Leve | Title Description Key Characteristics
I
LO Manual The system provides assisted Human-driven; system
Operation & monitoring, but all dynamic tasks | provides data only.

Maintenance

require manual execution.

L1 Assisted The system automates the System executes
Operation & execution of repetitive sub-tasks basic, repetitive tasks.
Maintenance to improve efficiency.

L2 Partial The system enables closed-loop Domain-specific,
Autonomous operations for certain network
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Network

Network units, often using Al. low-risk automation.

L3 Conditional The network can sense and adapt | Situational awareness
Autonomous to real-time environmental and reactive
Network changes within a single domain. automation.

L4 High The network analyzes and makes | Proactive, predictive,
Autonomous decisions for service and and cross-domain
Network experience across multiple intelligence.

domains.
L5 Full Autonomous | The system achieves automation | Fully self-sufficient,

across multiple services and
domains for the entire lifecycle.

goal-driven operations.

3. Innovative Al Enablers for Advanced Autonomy

The transition to higher levels of autonomy is powered by a suite of innovative Al
technologies that move beyond traditional machine learning. These enablers work in
concert to create networks that can sense, think, and act.

3.1 Agentic Al: The Emergence of Autonomous Agents

Agentic Al represents a paradigm shift from reactive models to autonomous,
goal-directed systems. These Al agents, powered by Large Al Models (LAMs), can
perceive their environment, reason, create plans, use tools, and learn from experience
with minimal human oversight.

e Core Characteristics: Unlike static workflows, Agentic Al systems exhibit high
autonomy, possess persistent memory, interpret abstract goals, and dynamically

adapt their actions.
Multi-Agent Systems: In telecom, this is often implemented as a multi-agent

system where specialized agents collaborate. For example:
o Monitoring Agents: Track real-time performance metrics (latency, packet

loss, etc.).
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o Forecasting Agents: Predict future traffic demands and potential capacity
constraints.
o Resource Allocation Agents: Dynamically adjust network resources
based on forecasts.
o Validation Agents: Apply and verify configuration changes, with rollback
capabilities.
Design Patterns: The behavior of these systems is structured around key
design patterns, including Planning (decomposing complex goals into
manageable steps), Tool Use (interfacing with APIs and data sources),
Reflection (critiquing and refining its own work), and Multi-agent Collaboration.

3.2 Generative Al (GenAl): Simplifying Complexity

GenAl, particularly Large Language Models (LLMs), provides a natural language
interface for network management, fundamentally simplifying how operators interact
with complex systems.

Intent-Driven Management: Operators can express high-level business
objectives in natural language (e.g., "Optimize the network for video streaming in
Region X"). The Al system translates this intent into specific network
configurations and policies.

Enhanced Root Cause Analysis (RCA): GenAl can analyze vast amounts of
unstructured data, like trouble tickets and logs, to identify root causes of failures
faster and more accurately than traditional methods.

Automated Content Generation: Al can automatically generate service
templates, test cases, automation scripts, and documentation, accelerating
service deployment and reducing the burden on engineers.

3.3 Network Digital Twin (NDT): A Risk-Free Simulation Environment

An NDT is a virtual, real-time replica of a physical network. It provides a "virtual
sandbox" where operators can model, simulate, and analyze network behavior without
impacting live services.

Predictive Simulation: NDTs can simulate various "what-if" scenarios, such as
the impact of a software upgrade, a new service rollout, or a potential
cyberattack.

Closed-Loop Automation: Insights gained from NDT simulations directly inform
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automated decision-making systems. For instance, an optimal configuration
identified in the twin can be automatically pushed to the live network.

e Enhanced Testing: Operators can inject faults (e.qg., link failures, DDoS attacks)
into the NDT to evaluate recovery mechanisms and self-healing protocols,

ensuring resilience without risking downtime.

4. Core Applications and Business Impact

The application of Al in network operations translates directly into measurable business

value.

Application Area

Description

Business Impact

Predictive
Maintenance

Al models analyze sensor
data (temperature, vibration)
and fault logs to predict
equipment failures before they
occur.

Reduces unplanned downtime by
30-50%; optimizes MRO
spending by enabling just-in-time
repairs and reducing overstocking
of spare parts.

Analysis (RCA)

transport layers to identify the
source of service degradation.

Dynamic Al continuously monitors traffic | Improves resource utilization and

Resource and reallocates network service quality; ensures

Allocation resources like spectrum and consistent performance from
capacity in real time to meet dense urban centers to rural
demand. areas.

Automated Al agents correlate data Dramatically reduces Mean Time

Root Cause across RAN, core, and To Resolution (MTTR); Vodafone

reports a 95% improvement in
time from incident detection to
dispatch.

Intelligent Load
Balancing

Instead of static rules, Al
dynamically reroutes traffic to
avoid congestion, ensuring
smooth application

Prevents service degradation that
frustrates customers and leads to
churn.
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performance.

Demand
Forecasting &
Planning

Advanced analytics evaluate
thousands of scenarios to
guide long-term capacity
planning and infrastructure
investments.

Enables faster, smarter
investment choices based on
real-time signals rather than fixed
assumptions.

4.1 Real-World Adoption and Use Cases

Leading organizations across the telecom ecosystem are actively deploying Al-driven
autonomous solutions:

e MasOrange (Spain): Deployed Europe's first large-scale commercial Level 4
autonomous network with Huawei, which automatically adjusts latency, speed,
and capacity in real-time.

e China Mobile: Uses Al agents in its core network O&M controller, resulting in a
>60% efficiency gain in handling tickets and an analysis accuracy of over 90%.

MTN (South Africa): Leverages Huawei's Autonomous Driving Network solution
to manage network congestion caused by rolling power outages, using a Network
Digital Map for real-time traffic visualization.

AT&T: Developed "Geo Modeler," a generative Al system that uses synthetic
data to predict network coverage, enabling more efficient infrastructure
expansion planning.

Deutsche Telekom & Google Cloud: Partnered to develop a network agent
based on Gemini to detect anomalies and initiate corrective actions.

Nokia: Offers an Autonomous Networks Suite built on a "Sense, Think, Act"
approach, focusing on intent-driven, API-first applications.

Ericsson: Focuses on intent-driven operations as a key step to autonomy,
developing solutions that translate business objectives into network actions,
particularly in the RAN.

5. Challenges, Risks, and Mitigation Strategies

The path to full autonomy requires addressing significant technical, organizational, and
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security challenges.

5.1 Operational and Technical Hurdles

e Data Quality and Availability: Al systems are dependent on high-quality,
real-time, and normalized data. Many operators struggle with data trapped in
fragmented legacy silos. Mitigation: Build a unified observability fabric and
centralized data lake aligned with standards like TM Forum's Open Digital
Architecture (ODA).

e Legacy System Integration: Integrating modern Al agents with traditional
OSS/BSS and NMS systems requires open APIs and standardized interfaces.
Mitigation: Adopt a modular, API-first architecture and promote industry
standards for interoperability.

e Skills Gap and Cultural Shift: Transitioning to Al-driven operations requires
new skills in data science and AlI/ML, as well as a cultural shift from manual
control to trusting automated systems. Mitigation: Invest in continuous training,
upskilling programs, and establish clear governance to build trust.

5.2 Security and Governance Risks

Agentic Al introduces new, sophisticated security risks that traditional models were not
designed to handle.

e Adversarial Al Attacks: Malicious actors can manipulate Al models through
techniques like data poisoning or model inversion to cause service disruptions or
extract sensitive information.

e Autonomous Agent Risks: Unruly or compromised agents present unique
threats, including:

o Cross-agent task escalation: An agent falsely escalating a task's priority
to another agent.

o Untraceable data leaks: Agents exchanging data without oversight,
obscuring leaks.

o Synthetic identity risk: Impersonating an agent to bypass trust
mechanisms.

o Chained vulnerabilities: A flaw in one agent cascading across a
multi-agent workflow.

e Lack of Trust and Explainability: The "black box" nature of some Al models
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can make it difficult for human operators to trust their decisions.

5.3 Mitigation and Best Practices

Establish Robust Governance: Form cross-functional Al governance
committees to define acceptable use boundaries, ensure human accountability,
and apply structured risk assessment methodologies (e.g., NIST Al RMF).
Prioritize Explainable Al (XAl): Implement XAl techniques to make Al
decision-making processes transparent and interpretable. This builds trust,
facilitates audits, and helps in bias detection.

Implement Layered Security: Combine traditional security controls with
Al-enhanced measures. This includes strong authentication and authorization for
every agent, zero-trust architectures, and automated guardrails to restrict agent
behavior.

Adopt Privacy-Preserving Al: Use techniques like federated learning and
homomorphic encryption to protect sensitive subscriber and operational data.
Automate Cybersecurity Operations (AutoSecOps): Deploy Al-powered
security systems (e.g., SOAR, UEBA) that can automatically predict, detect, and
respond to threats without human intervention.
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A Practical Implementation Guide to
Al-Driven Autonomous Networks based on
ETSI Standards

1.0 Foundational Concepts: The Imperative for Network
Autonomy

The management of communication networks is undergoing a strategic transformation,
shifting from traditional, reactive methodologies to proactive, Al-driven autonomous
operations. Historically, network planning and maintenance have been reactive
endeavors. Engineers analyzed historical traffic data and built capacity models based
on past events, scrambling to diagnose and resolve issues only after they had already
begun to affect customers. This manual approach, reliant on static spreadsheets and
retrospective analysis, is no longer tenable. The sheer complexity of modern 5G
deployments, coupled with surging traffic volumes, has outpaced the capabilities of
these legacy methods. Consequently, network autonomy has evolved from a luxury to
an absolute necessity for ensuring service reliability, operational efficiency, and future
growth.

An Autonomous Network (AN) is defined by its inherent ability to operate and adapt
independently, characterized by a set of core "Self-X" properties. These capabilities
represent the foundational pillars of a self-managing system:

e Self-configuration: The network can automatically configure its components
and adapt to changes without human intervention.

e Self-optimisation: The network continuously monitors and optimises its
performance to meet service requirements.

e Self-healing: The network can detect, diagnose, and recover from faults and
failures.

e Self-protection: The network proactively identifies and mitigates security threats
and vulnerabilities.

e Self-learning: The network learns from experience and improves its operations
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over time.

To provide a standardized roadmap for this evolution, the industry relies on TM Forum's
Autonomous Network Levels. This framework outlines a clear progression from manual
operations to full autonomy:

1. Level 0 - Manual Operation & Maintenance: The system requires manual
execution of all dynamic tasks.

2. Level 1 - Assisted Operation & Maintenance: The system automates repetitive
sub-tasks for efficiency.

3. Level 2 - Partial Autonomous Networks: The system enables closed-loop
operations for certain units using Al.

4. Level 3 - Conditional Autonomous Networks: The system senses and adapts
to real-time environmental changes.

5. Level 4 - High Autonomous Networks: The system analyzes and makes
decisions for service and experience.

6. Level 5 - Full Autonomous Networks: The system achieves automation across
multiple services and domains.

Progressing through these levels requires increasingly sophisticated capabilities, and
Artificial Intelligence serves as the critical enabler for accelerating this journey toward
higher autonomy.

2.0 The Role of Al in Achieving Higher Autonomy

Advancing from Level 3 to Level 4 is the central strategic challenge for today's network
operators. This is not an incremental step; it is a fundamental architectural pivot from
reactive systems that possess situational awareness to proactive, cognitive networks
that demonstrate true intelligence. As architects, our primary enabler for this transition is
the deep integration of Artificial Intelligence. While Level 3 systems respond to current
conditions, Level 4 introduces Al-driven deep analysis and autonomous
decision-making, enabling networks to anticipate and act on future events.

Achieving Level 4 autonomy is contingent on a set of advanced, Al-enabled capabilities
that empower the network with predictive and cognitive functions:

e Predictive Analytics: Al systems analyze historical and real-time data to predict
network behaviour, service demand, and potential failures, enabling proactive
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management actions.

e Cognitive Decision-Making: Machine learning algorithms process complex,
multi-dimensional data to make informed decisions across scenarios where
rule-based systems prove insufficient.

e Cross-Domain Intelligence: Al enables intelligent coordination across network
domains (access, transport, core, cloud), optimising end-to-end service delivery
while managing resource dependencies.

Despite the clear benefits, Communication Service Providers (CSPs) face significant
obstacles on the path to Level 4 autonomy. These challenges span technology,
architecture, and operations:

e Architectural Complexity: Many CSPs cite difficulties integrating autonomous
network layers and the absence of clear end-to-end evolution paths as primary
obstacles.

e Technology Integration Challenges: While Al technologies are maturing, their
effective integration to deliver measurable business value remains a complex
undertaking.

e Cross-Domain Orchestration: Achieving seamless automation across multiple
network domains requires sophisticated orchestration capabilities to manage
dependencies and resolve conflicts holistically.

e Operational Skills Gap: The rapid evolution of Al technologies necessitates
continuous training to ensure operational staff can effectively handle and exploit
these powerful new tools.

Overcoming these hurdles requires a deep understanding of the Al-powered
technologies that form the architectural building blocks of a modern autonomous
network.

3.0 Core Al-Powered Enablers for Implementation

For the network architect, mastering these enablers is non-negotiable. They are not just
components to be integrated but are the foundational pillars upon which a competitive,
Level 4 autonomous network is built. This section provides the architectural deep-dive
required for their effective design and deployment.

3.1 Network Digital Twins (NDT)
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A Network Digital Twin (NDT) is a virtual replica of a physical communications network
that provides a dynamic, real-time model of its state and behavior. Its core purpose is to
enable advanced modeling, simulation, and predictive analysis in a risk-free
environment, allowing operators to test scenarios and validate decisions before
implementing them on the live network. By continuously updating its models with
real-time data from sensors and telemetry, the NDT reflects the ever-changing state of
the physical environment.

The primary applications of NDTs are integral to achieving high levels of network
autonomy:

e Enhanced Decision Making: NDTs allow operators to simulate various network
scenarios, such as traffic surges or configuration changes, to predict outcomes
and mitigate risks before live execution.

e Closed-Loop Automation Enablement: NDTs provide critical information to
automated operations systems, enabling them to make decisions and take
actions based on predicted outcomes and real-time network conditions.

e Continuous Optimisation: NDTs analyze current and predicted traffic conditions
to determine the optimal routing paths, bandwidth allocation, and resource
distribution, thereby improving Quality of Service (QoS) and ensuring efficient
network utilization.

e System Testing: NDTs serve as a virtual sandbox for comprehensive testing
without disrupting live services. This includes performance benchmarking under
various loads, failure and fault testing by simulating events like link breakdowns,
DDoS attacks, or equipment outages, and security testing to assess network
defenses and validate intrusion detection systems.

3.2 Generative Al (GenAl)

Generative Al, particularly Large Language Models (LLMs), is poised to transform
autonomous network management by simplifying complex tasks through natural
language interfaces. This technology enables operators to interact with network
systems using intuitive, conversational commands, abstracting away low-level technical
syntax. GenAl can interpret high-level business intents and translate them into detailed
network policies and configurations, bridging the gap between human expertise and
machine intelligence.

While the potential is significant, deploying GenAl in autonomous networks involves
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navigating both its powerful benefits and its inherent challenges.

Benefits

Challenges

Intent-Driven Management:
Simplifies network management by
allowing operators to express
requirements in natural language.

Scale and Processing Constraints: LLM
context windows are often insufficient to
process massive volumes of network data
simultaneously.

Enhanced Anomaly Detection:
Sophisticated pattern recognition
identifies subtle deviations that
traditional systems might overlook.

Computational Requirements: Running
sophisticated LLMs creates substantial
economic and practical deployment
challenges.

Context-Aware Decision-Making:
Enables more intelligent responses by
considering broader operational
contexts.

Inference Latency: LLM inference times
may be unacceptable for time-critical
network functions.

Automated Documentation:
Continuously documents network
configurations and operational
procedures, reducing manual effort.

Domain Knowledge Gaps: LLMs often
lack specialized telecommunications
knowledge and require extensive
fine-tuning.

Risk of Hallucinations: The potential for
LLMs to generate incorrect information
necessitates robust verification mechanisms
for critical operations.

The application of GenAl spans numerous aspects of network operations, promising to

enhance efficiency and intelligence:

e Intent-Driven Network Management: Translates high-level business goals into

detailed network configurations.

e Predictive Analytics and Optimisation: Generates synthetic data to simulate

TelcoFutures.net | Page 16



https://telcofutures.net/

scenarios and create more accurate predictions of network behavior.

Dynamic Security Policy Generation: Analyzes real-time threats and
recommends adaptive firewall rules and access controls.

Service Template and Code Generation: Accelerates automation by generating
service definitions, test cases, and scripts for common tasks.

Intelligent Customer Support: Provides personalized, context-aware
assistance by understanding complex queries and accessing relevant knowledge
bases.

3.3 Al Agents and Agentic Al Architecture

Agentic Al represents a significant evolution from traditional Al agents and simple
workflows. It integrates foundation models with advanced planning, memory, and
reasoning capabilities, creating autonomous systems that can decompose complex
goals, execute multi-step actions, and adapt dynamically to changing conditions. Unlike
reactive systems, Agentic Al architectures can self-direct their actions to pursue
specified goals with minimal human input, marking a substantial step toward
general-purpose autonomy.

This leap from simple, reactive workflows to goal-driven autonomy is enabled by four
core design patterns. Unlike a static script that executes a predefined sequence, an
agentic system uses these patterns to dynamically plan, reflect, and collaborate,
fundamentally changing how networks are managed.

e Planning: This pattern involves the autonomous breakdown of complex tasks

into structured, manageable steps. In an AN context, an agent might detect a
coverage issue and devise a plan that includes identifying affected cells,
analyzing traffic patterns, retrieving historical KPIs, and suggesting parameter
adjustments to restore performance.

Reflection: This is the process of self-assessment, where an agent evaluates its
previous decisions and outcomes to refine future reasoning. By comparing its
predictions against new data, the agent can update its internal representation of
the network state, reduce blind spots, and prevent the propagation of errors.
Tool Use: This pattern allows agents to interact with external systems and data
sources through APIs. For example, an agent can use a "Data Access Tool" to
retrieve KPI time-series data or a "Statistical Analysis Tool" to identify
performance variations, enabling it to ground its reasoning in real-world
information.
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e Multi-agent Collaboration: In complex scenarios, this pattern coordinates
multiple specialized agents, each assigned a distinct role, to perform subtasks
concurrently. This division of labor enhances efficiency and precision, mirroring
the structure of human organizational teams.

A practical multi-agent collaboration architecture for Radio Access Network (RAN)
management would involve a team of specialized agents, each with a distinct
responsibility:

e Master Orchestrator Agent: Supervises the entire process, issues coordination
directives, and manages inter-agent dependencies.

e Analysis Agent: Performs KPIl-based diagnostics, formulates hypotheses about
performance degradations, and triggers investigation sequences.

e Historical Retrieval Agent: Retrieves precedent cases, past optimization
outcomes, and resolution patterns from historical databases to provide context
for current decisions.

e Documentation Agent: Interprets RAN knowledge from vendor guides and
protocol specifications to establish operational semantics and terminology.

e Validation Agent: Applies modified configuration parameters, initiates an
evaluation phase, and retains previous configurations to enable rollback if
necessary.

By combining these powerful Al enablers, network operators can build highly intelligent
and adaptive systems. However, their successful deployment and interoperability
depend on grounding them within standardized frameworks.

4.0 Architectural Framework and Standards Integration

For Al-powered enablers like Network Digital Twins and Agentic Al to function
cohesively within a multi-vendor ecosystem, they must be grounded in standardized
architectural frameworks, data models, and APIs. These standards ensure
interoperability, consistency, and scalability, allowing disparate systems to communicate
and collaborate effectively. This section details the pivotal role of ETSI and other
standards bodies in creating the common ground necessary for building truly
autonomous networks.

4.1 ETSI Frameworks for Autonomy

TelcoFutures.net | Page 18



https://telcofutures.net/

Several ETSI Technical Groups have made significant contributions to the evolution of
autonomous networks, each focusing on critical aspects of the architecture.

e ISG Zero touch network and Service Management (ZSM): The ZSM group
has developed a service-based architecture designed to enable zero-touch
automation across network and service management. Its architectural
innovations include a hierarchical closed-loop model based on the
Observe-Orient-Decide-Act (OODA) loop, which allows for nested control loops
operating at different timescales. ZSM also defines a cross-domain service fabric
that enables autonomous service composition across physical and virtualized
infrastructure via standardized APIs.

e ISG Network Functions Virtualisation (NFV): The NFV group is evolving its
architecture from cloud-native to Al-native to support high-level autonomy. This
evolution recognizes a dual imperative: not only using Al to optimize cloud
operations (AI4Cloud) but also architecting the cloud itself to efficiently support
the demanding lifecycle of Al model training and inference (Cloud4AT).

e ISG Experiential Networked Intelligence (ENI): The ENI group focuses on
defining a functional architecture for cognitive networking. Its work addresses the
integration of Al capabilities to improve operator experience and network
performance. ENI's specifications provide guidance on concepts central to
modern autonomy, including the use of Agentic Al for next-generation network
management.

For the implementation strategist, these ETSI groups are not disparate entities but a
cohesive ecosystem providing the architectural blueprints—from ZSM's high-level
orchestration to NFV's Al-native infrastructure—necessary to de-risk and standardize a
multi-vendor autonomous deployment.

4.2 Data Models and APIs for Interoperability

Standardized data models are essential for providing a common framework that
stakeholders can use to ensure consistency in data representation across diverse
network environments. They define the structure and meaning of network elements,
configurations, services, and operational states, enabling interoperability and seamless
data exchange.

Four key data models form the foundation of an autonomous network:
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e Network Resource Models: Represent physical and virtual network resources
and their configurations.
Service Models: Define services, their requirements, and performance metrics.
Intent Models: Outline business objectives, policies, and network behavior
constraints.

e Operational Models: Cover management data for faults, performance, and
security.

These models are utilized by a range of stakeholders, each with a distinct role and
interaction with the autonomous network:

e Network Operators: Serve as the primary administrators, defining network
policies and intents, monitoring performance, and overseeing security operations.

e Service Providers: Focus on customer-facing aspects, defining service
offerings, managing customer relationships, and ensuring Service Level
Agreement (SLA) compliance.

e Enterprise Customers: Act as end-users, submitting service requests,
monitoring service performance, and configuring parameters through self-service
interfaces.

e Technology Vendors: Supply the foundational technologies, providing
equipment specifications, management interfaces, and software updates that
enable autonomous operations.

To facilitate the exchange of data defined by these models, standardized APIs are
indispensable. They serve as the communication backbone, enabling seamless
interaction between different network components and management systems. Industry
organizations like TM Forum, with its Open APIs, and ETSI, through its ZSM and ENI
specifications, play a crucial role in defining these standard interfaces. By establishing
this common language for data exchange, the industry can achieve greater
interoperability, flexibility, and efficiency in managing complex, multi-vendor network
environments.

With a robust technical architecture in place, it is imperative to address the security
considerations required to protect these intelligent and interconnected systems.

5.0 Security and Governance for Autonomous Systems

While Al introduces powerful capabilities for automation and optimization, it also creates
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an emerging threat landscape that demands a proactive and integrated
security-by-design approach. The increased autonomy of network systems, coupled
with their reliance on complex Al models and extensive data pipelines, exposes new
vulnerabilities that cannot be addressed by traditional security measures alone.
Establishing robust security and governance is therefore not an option but a critical
prerequisite for the successful deployment of autonomous networks.

5.1 The Emerging Threat Landscape

The shift to Al-driven autonomous networks introduces unique threat categories that
exploit the very intelligence and automation that make these systems so powerful.

e Adversarial Al Attacks: These attacks involve the sophisticated manipulation of
machine learning models. Techniques include data poisoning, where malicious
data is injected into the training set to corrupt the model; model inversion,
where attackers reverse-engineer a model to access sensitive training data; and
adversarial examples, where subtly altered inputs cause the model to make
incorrect decisions.

e Al-Driven Automation Exploitation: Attackers can target flaws in Al-based
automation systems to gain unauthorized access, cause service disruptions, or
compromise network integrity. The self-adjusting nature of these systems
provides opportunities to exploit orchestration layers and APIs for persistent
access.

e Supply Chain Vulnerabilities: Autonomous networks rely on complex
ecosystems of software and hardware from multiple vendors, creating
opportunities for attacks to cascade through the supply chain and introduce
persistent backdoors.

e API Security Risks: As the fundamental communication backbone, insecure
APls can expose sensitive network configurations and create privilege escalation
opportunities. Common vulnerabilities include weak authentication, improper
access controls, and injection flaws.

To illustrate the tangible risks posed by these threats, consider the following scenarios:

e Case Study: Al-Manipulated Network Slicing Attack An adversary injects
false data into the Al model responsible for managing network slicing. The
compromised model then allocates excessive bandwidth to non-critical
applications, disrupting latency-sensitive services like Ultra-Reliable Low-Latency
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Communications (URLLC) for autonomous vehicles and potentially endangering
their operation.

Case Study: Malicious Manipulation of a Network Digital Twin An attacker
gains unauthorized access to a Network Digital Twin (NDT) used to simulate
network behavior. By modifying the twin's parameters, the attacker causes it to
generate misleading congestion predictions, leading the operator to make
incorrect traffic rerouting decisions that result in real-world service degradation.

5.2 Mitigation Strategies and Governance Best Practices

Implementing robust security and governance requires a multi-faceted approach that
combines technical controls with clear organizational policies. The following
recommendations provide a framework for securing Al-driven autonomous networks:

1.

Mandate a Layered Security Architecture: Combine traditional security
controls with Al-enhanced detection and response capabilities. This includes
deploying robust identity and access controls, mutual TLS encryption, and
anomaly detection systems to protect Al models, agents, and APlIs.

Establish a Cross-Functional Al Governance Committee: Form a governance
body comprising security, IT, data, and business leaders. This committee is
responsible for setting acceptable use boundaries for Al agents, defining
oversight structures, and ensuring human accountability remains in place for
autonomous systems.

Deploy Continuous Monitoring and Auditing: Implement systems that provide
real-time visibility into Al decision-making processes. Ensuring the traceability
and verification of Al-driven choices is fundamental for preventing issues and
identifying accountability if something goes wrong.

Maintain Human-in-the-Loop Oversight: Define clear escalation procedures for
when automated decisions require human intervention, especially for critical
security decisions. This ensures that network security benefits from Al's
analytical capabilities while maintaining appropriate human judgment.

Enforce Privacy-Preserving Al Techniques: To protect sensitive customer and
operational data, implement techniques such as federated learning, which trains
models locally without centralizing data; homomorphic encryption, which
allows computation on encrypted data; and differential privacy, which adds
statistical noise to obscure individual data points.

Adopt Zero-Trust Principles: Operate under the assumption of a breach.
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Continuously authenticate and authorize agents, applications, and infrastructure
to ensure they operate only within approved boundaries. This approach helps
limit the potential damage from a compromised agent or component.

By embedding these principles into the design and operation of autonomous networks,
organizations can build resilient and trustworthy systems. The next step is to translate
this architecture and these principles into a practical, phased implementation plan.

6.0 A Phased Implementation Roadmap

A successful transition to higher network autonomy is an incremental journey, not a
single event. This section presents a practical, phased roadmap designed for network
architects and engineers. The following roadmap is designed to mitigate deployment
risk while building institutional confidence. We will not achieve Level 4 in a single leap,
but through a deliberate, three-stage evolution that prioritizes stability, data integrity, and
incremental capability growth.

6.1 Stage 1: Define a Scenario-Based Deployment Strategy

Begin with well-defined scenarios that have a limited decision-making scope and offer
high business value. This focused approach allows teams to gain experience with
Al-driven automation in a controlled environment. According to TM Forum 1G1339,
priority scenarios identified by the industry provide an excellent starting point. Examples
include:

e Individual Service Complaint Handling: Automating the diagnosis and
demarcation of issues related to individual customer complaints.

o Wireless Network Fault Management: Implementing Al-driven systems for the
autonomous rectification of common wireless network faults.

By starting with high-impact but bounded use cases, organizations can demonstrate
tangible results, build confidence in autonomous systems, and mature their operational
capabilities for more complex deployments.

6.2 Stage 2: Build the Unified Data Foundation

Data readiness is an absolute prerequisite for successful agentic Al. This requires
building a unified observability fabric that streams telemetry from diverse
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sources—including OSS/BSS, core and transport networks, and event traces—into a
centralized data lake. Without this unified observability fabric, the Al agents detailed in
Section 3.3 are effectively blind. They lack the real-time perception required to reason
accurately, rendering even the most advanced planning and reflection patterns useless.

6.3 Stage 3: Evolve from Workflows to Full Agentic Al

An incremental evolution from structured workflows to a fully agentic system allows
organizations to build capabilities and trust over time while managing complexity. This
three-step path provides a clear progression toward high-level autonomy.

1.

Begin with Structured Workflows: The initial step involves organizing the
analysis process around a sequential and tightly structured workflow composed
of functional tools. For example, a workflow for RAN analysis would start with a
Data Access Tool to retrieve KPIs, pass the data to a Statistical Analysis Tool
to detect variations, and then feed the results to an LLM Reasoning Tool for
initial hypothesis generation. This modular and linear composition provides
traceable and interpretable behavior.

Transition to a Single Al Agent: The next step is to embed the workflow
components within a cohesive, stateful Al agent capable of semi-autonomous
operation. This agent replaces stateless tools with an integrated reasoning
module that maintains contextual awareness and enables closed-loop reasoning.
While it still operates within a narrowly defined scope, the agent can adapt its
actions based on inputs and internal state, transitioning from a fixed sequence of
operations to a more dynamic system.

Scale to a Multi-Agent Agentic System: The final stage is the orchestration of
multiple specialized, collaborating agents to achieve complex, goal-driven
automation. Supervised by a Master Orchestrator Agent, this system divides
tasks among specialized agents such as an Analysis Agent, a Historical
Retrieval Agent, and a Validation Agent. Their collaboration enables efficient,
goal-driven RAN management and completes the operational loop from intent
expression to validated policy enactment.

This phased approach mitigates deployment risk by allowing teams to mature their
technical and organizational capabilities incrementally, building a solid foundation for
achieving and sustaining high-level network autonomy.
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7.0 Conclusion: The Path to Full Autonomy

The journey toward fully autonomous networks is a strategic imperative for navigating
the complexity of the modern telecommunications landscape. A successful
implementation rests on several key pillars: leveraging innovative Al enablers such as
Network Digital Twins, Generative Al, and Agentic Al architectures; grounding the
technical framework in ETSI and other industry standards to ensure interoperability;
embedding security and governance by design to build trust and resilience; and
following a phased, pragmatic roadmap that begins with high-value scenarios and
evolves incrementally.

Looking forward, the integration of Al will only deepen, with Al-native 6G networks
expected to be not just self-managing but also self-evolving. These future systems will
be capable of learning from experience and adapting to new requirements without
human intervention. While challenges remain in ensuring the reliability and transparency
of Al-driven decisions, the industry's ultimate goal is clear: to achieve Level 5 autonomy,
where networks operate with a degree of intelligence and adaptability that unlocks
unprecedented efficiency, reliability, and innovation. The principles and frameworks
outlined in this guide provide a clear path for network operators to begin that
transformative journey today.
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