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1 Executive Summary

This deliverable, D3.4 “Final Report on DMO Implementation and Native Al Integration,” reports on the
implemented Domain Management and Orchestration (DMO) components and their integration with the
Native Al toolkit within the 6G-INTENSE architecture. Building on previous architectural and
implementation deliverables, it describes how intent-driven and zero-touch management principles are
realised through software components that support the intent lifecycle from user request to resource-level
execution and assurance.

The deliverable follows the Distributed Intent-driven Management and Orchestration (DIMO) framework,
where service management and resource management are separated across the tenant Domain Management
and Orchestration (t-DMO), the DMO, and the Network-Compute Fabric (NCF). In this framework, the t-DMO
provides the business-facing layer through which vertical users express service requirements, while the
DMO receives validated service intents, translates them into executable resource intents, and coordinates
their lifecycle across the underlying infrastructure.

A key part of the work is the implementation of the t-DMO Intent handler. This component integrates a Large
Language Model (LLM)-based chatbot that allows users to describe service requirements in natural language
and supports the generation of TMF921-compliant business intents. The t-DMO also includes a TMF921
Model Context Protocol (MCP) integration layer, which exposes intent-management operations as high-level
tools while hiding the details of the underlying REST API calls from the LLM-based component.

The DMO implementation forms the main technical part of the deliverable. It processes validated service
intents from the t-DMO, maps them to service catalogue entries, translates them into resource intents,
validates the generated artefacts, and prepares them for execution through the NCF-facing interface. The
implemented Intent handler combines deterministic preprocessing, catalogue verification, constraint
extraction, resource selection, LLM-based resource intent generation, and post-generation validation. This
approach keeps the generated intents grounded in verified catalogue data and explicit service constraints.

The deliverable also presents the lifecycle management and Closed Control Loop (CCL) functions used to
support monitoring and assurance after intent deployment. These workflows are modelled as Directed
Acyclic Graphs (DAGs) and implemented using Apache Airflow. They combine monitoring, analytics, and
decision-making components to evaluate Service Level Agreement (SLA) compliance and trigger
remediation actions when needed.

In addition, D3.4 defines ontology and intent-modelling work for Software-Defined Wide Area Network (SD-
WAN), Joint Communication and Sensing (JCS), and Content Delivery Network over Kubernetes (CDN-
Kubernetes). It also specifies the main Application Programming Interfaces (APIs) required to integrate the
t-DMO, DMO, and NCF, covering northbound, southbound, and east/west interactions, as well as listener and
callback mechanisms for asynchronous updates and event-driven state reconciliation.

The end-to-end integration section explains how the implemented components are connected across the 6G-
INTENSE architecture. It covers federated edge intelligence, where specialised LLMs support service-to-
resource intent translation inside the DMO, and LLMOps, which provides the operational layer for managing
the lifecycle, deployment, and monitoring of Native Al models.

Overall, D3.4 shows the transition from architectural concepts and initial implementation strategies to an
integrated DMO and Native Al framework. The resulting implementation combines natural-language intent
expression, TMF921-compliant intent handling, lifecycle management, closed-loop assurance, ontology-
based modelling, API-based interoperability, federated intelligence, and LLMOps, providing the basis for
proof-of-concept validation and large-scale experimentation within 6G-INTENSE.
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2 Introduction

The primary objective of the 6G-INTENSE project is to propose a new system architecture for Sixth
Generation (6G), positioning it as a “Smart Service Execution Platform.” Within Work Package 3 (WP3), the
6G-INTENSE consortium seeks to define the necessary enablers, algorithms, and their integration to achieve
the following:

e Develop a novel automation architecture featuring a native Al toolkit. This toolkit facilitates intent
declaration, negotiation, and automated decision-making across autonomous domains, a concept
referred to as Distributed Intent-driven Management and Orchestration (DIMO).

e Separate service and resource management by building on the concepts of tenant Domain
Management and Orchestration (tenant-DMO / t-DMO) and DMO.

e Establish a tenant management layer to ensure scalable and hierarchical zero-touch Service
Management (ZSM), introducing the t-DMO principle.

o Define the required functions for intent management within the native Al toolkit, including:

e Intentlifecycle handling, utilising LLM and reasoning functions.

e CCL operations, leveraging Reinforcement Learning with Human Feedback (RLHF).

The final architectures of the t-DMO and DMO were defined in Deliverable D2.5. In addition, Deliverable D3.2
presented the initial implementation strategies for intent translation and validation, providing the first
practical realisation of key intent-handling functions across the t-DMO and DMO. Based on the contributions
from D2.5 and D3.2, this deliverable reports the implementation and integration of the t-DMO/DMO and
their Native Al components, with particular emphasis on how the algorithms and enablers developed in WP3
have been incorporated into the final architectural framework. Therefore, the deliverable represents an
important step in the maturation of the 6G-INTENSE system, showing how the architectural concepts and
early implementation directions have evolved into concrete modules and integrated functional building
blocks.

This deliverable is organised to reflect the progression from architectural foundations to implemented
system components. It begins by revisiting the conceptual principles of intent-driven and zero-touch
management, the t-DMO and DMO architecture. It then describes the implementation of the main t-DMO and
DMO functions, including intent handling, translation, validation, lifecycle management, and the integration
of the Native Al toolkit within both domains. In addition, the deliverable presents the end-to-end integration
perspective, showing how the implemented components interact across the t-DMO and within the DMO to
support the full intent lifecycle from user request to resource-level execution.

2.1 Mapping 6G-INTENSE Outputs

The purpose of this section is to map 6G-INTENSE Grant Agreement (GA) commitments, both within the
formal Deliverable and Task description, against the project’s respective outputs and work performed (Table

1).
Table1: Adherence to 6ENTENSE GA Deliverable & Tasks Descriptions

6G-INTENSE Task 6G-INTENSE GA Task Respective Justification
No. and Title Description Document
Chapter(s)
DELIVERABLE

D34 ‘Final report DMO implementation and Native Al integration

Task 3.4 DMO This task will implement the All the document Final integration and
implementation and | 6GINTENSE DMO, as an implementation of the
DMO components and the

©6G-INTENSE Page | 9
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Native Al overarching orchestration Native Al toolkit functions
integration entity which operates as an related to thelntent
handler. It details the
development and
integration of key
componentdor intent
translation and

Autonomous Domain
responsible for the handling of
intents coming from Tenants,
and mapping service requests

to . .
management, which will be

southbound resource pools. incorporated into both t

Leveraging on a mature set of DMO and DMO systems.

Monitoring Analytics, and
Decision Engines coming from

previous research initiatives,
this task will integrate the
novel architectural blocks
derived from T3.1T3.3 that
deal

with Mixed Reality MR)-based
intent decomposition and
Reasoning, explainable Al, and
RLHF blocks for conflict
resolution and

renegotiation, as well as the
Domain Intelligence module
that addresses Knowledge
management and context
building.

The DMO intent handler loop is
responsible for the topological
mapping of verticals in the
form of cloudnative Service

Meshes (e.g., ISTIO), addressi
intents from tenants (e.q.,
vertical owners, and resource
pool owners). Task execution

is performed via the Domain
Control Loop Management
functionality from the DMO
Decision Engine (DE).

2.2 Deliverable Overview and Report Structure

This deliverable is structured to present the final implementation status of the 6G-INTENSE t-DMO and DMO,
together with the integration of the Native Al toolkit and the end-to-end interfacing across the architecture.
A brief overview of the structure of the rest of the document is detailed as follows:

e Section 3 presents the background and conceptual foundations required for the implementation
work. It revisits the general architecture of the framework, the principles of intent-driven and zero-
touch management, and the related architectural foundations that motivate the design and
implementation choices adopted in this deliverable.
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e Section 4 focuses on the t-DMO. It describes the implementation of the t-DMO Intent handler, the
associated lifecycle management and CCL functions, and the APIs exposed or consumed by the t-DMO
in support of intent handling and interaction with DMO.

e Section 5 is dedicated to the DMO and constitutes the main technical core of the deliverable. It
describes the implementation of the DMO Intent handler, including the intent translation algorithm,
catalogue verification, and intent validation. It then presents the lifecycle management and CCL
functions, the workflow orchestration engine, and the ontology-related work for SD-WAN, sensing,
and CDN-Kubernetes. The section also explains the APIs exposed or consumed by the DMO in support
of intent handling and interaction with the t-DMO, federated Al, and NCF.

e Section 6 presents the end-to-end integration perspective. It describes the integration of the
implemented components across the architecture, including the role of federated edge intelligence
and the APIs required for northbound, southbound, and east/west interactions.

e Finally, Section 7 concludes the deliverable by summarising the implementation and integration
progress of the t-DMO, DMO, and Native Al toolkit, and by highlighting the readiness of the
framework for the next phases of validation and large-scale integration.
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3 Background and Conceptual Foundations

This chapter provides the conceptual foundation for the implementation of the t-DMO, the DMO, and the
Native Al toolkit within 6G-INTENSE. It introduces the architectures, intent-driven management concepts,
zero-touch automation foundations, and the reference frameworks that motivate the implementation
choices described in the subsequent sections.

3.1 Overview

The DIMO framework is the 6G-INTENSE approach to a novel 6G architecture that separates service
management from resource management. It relies on intents to specify requirements and constraints across
different autonomous domains and features a native Al toolkit. The DIMO framework, as defined in the
deliverable [1] D2.3, is depicted in Figure 1.
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Figure 1: 6GINTENSE general architecture

From an implementation perspective, this separation is essential because it allows intent handling, service
composition, resource orchestration, and runtime assurance to evolve as loosely coupled but semantically
aligned functions. The t-DMO focuses on business-facing service expression and negotiation, while the DMO
is responsible for turning validated service-level requirements into executable resource-facing actions over
the NCF. This division of responsibilities improves scalability, reduces unnecessary coupling between
service and infrastructure logic, and creates a clear pathway for integrating Al-based reasoning and closed-
loop automation into the service lifecycle.

Both the t-DMO and the DMO address the service ordering and service management in the 6G-INTENSE
architecture. Specifically, t-DMO is a platform that allows Vertical Service Definition by the Verticals or
tenants. The DMO is the component responsible for the Service Composition, Deployment, and Monitoring.

3.2 Intent-driven Management and Zero-Touch Principles

Intent-Based Networking (IBN) is a concept of network management that utilises high-level intents with the
purpose of automatically translating them into actionable network configurations. This approach transitions
the complexity of the network management model to a declarative one where the operators will simply have
to specify through an intent, what they want their network to achieve, rather than how to implement it.
Originally, these high-level intents have been defined using structured human-readable data formats like
JavaScript Object Notation (JSON) or YAML Ain’t Markup Language (YAML); however, this form of intent
expression still requires significant effort. To overcome this, the use of LLMs has been suggested to allow the
expression of intents in Natural Language (NL) and enable the translation of the intents into network [1]
configurations.
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Furthermore, IBN is now being substituted for a newer concept called Intent-Driven Management (IDM),
which focuses on the adoption of Intents to drive the management and the orchestration of Networks. This
concept is gaining traction being adopted by the 3rd Generation Partnership Project (3GPP), with influences
from the work being done in the TM Forum Autonomous Network project and [2] European
Telecommunications Standards Institute (ETSI) ZSM.

Building upon the automation potential introduced by IBN, zero-touch principles enable end-to-end
automation of network and service management, aiming at minimal to no human intervention. This is made
possible with the use of Closed-Control Loop (CCL) automation. According to [3] ETSI, a CCL is a control
mechanism that continuously monitors and manages a set of entities to achieve a desired objective.
Conceptually, a CCL can be broken down into multiple stages, with each stage responsible for a specific part
of its overall functionality. Two widely used CCL paradigms are OODA and MAPE-K, both describing how a
system can operate through continuous observation, decision-making, and action. The OODA loop consists
of four stages: Observe, Orient, Decide, and Act. It first collects information from the environment, interprets
it in relation to the current context, selects an appropriate response, and then applies the selected action.
The MAPE-K loop consists of Monitor, Analyse, Plan, Execute, and Knowledge. It monitors the managed
system, analyses the collected information, plans the required adaptation, and executes it, while the
Knowledge element supports all stages with contextual, operational, and historical information. Zero-touch
principles face the increasing complexity of 6G networks by introducing self-management and self-healing
capabilities. This enables end-to-end automation of network and service management, allowing the network
to analyse its state, interpret it, and autonomously execute reconfigurations through intelligent [4] closed-
loop control.

Within 6G-INTENSE, IDM and zero-touch automation are design constraints that shape how services are
specified, translated, deployed, and continuously assured. IDM provides the declarative layer through which
users, tenants, and operators express the outcomes they expect, while zero-touch control provides the
operational machinery required to observe system behaviour, detect deviations, and enforce corrective
actions. The combination of these two paradigms is what enables the framework to support autonomous
operation across heterogeneous service, compute, and network domains.

While zero-touch principles focus on automating network operations, IDM expands the scope of IBN beyond
mere network configuration to encompass the entire service lifecycle management, including compute,
storage, and application resources across multi-domain and multi-stakeholder environments. IDM leverages
pervasive Al as well as zero-touch principles such as closed-loop automation to continuously assure a
business or service-level [4] outcome. 6G-INTENSE integrates these principles, as it has been showcased in
previous deliverables [5] D2.2 and [1] D2.3 through the alignment with relevant standardisation initiatives
like TM Forum and ETSI ZSM. This deliverable demonstrates how these principles are applied within the t-
DMO and DMO through the integration of Native Al algorithms that were presented in [5] D2.2. The overall
architecture is presented in [14] D2.5.

3.3 Related Work and Reference Architectures

As part of the activities in WP2 and WP3, we have designed and begun implementing the t-DMO and DMO
components based on a defined set of requirements. Specifically, in WP2, two deliverables were dedicated
to the definition of the requirements of the Architecture components andero-touch automation detailed
initially in [5] D2.2, and later revised in the deliverable [6] D2.4. In the deliverable D2.4, we have adopted the
MoSCoW prioritisation, which considers the following categories for defining the adoption of features: “Must
have’, “Should havg “Could havg “Wo n ’ t ”. Wedavecemployed the MoSCoW methodology for defining
all the functional and non-functional requirements of the components of the DIMO framework. The definition
of the requirements alongside the initial architecture for the project is detailed in deliverable [1] D2.3 and
was an essential step for the development of the Native Al toolkit and its related innovations, detailed in [7]
D3.1. The Native Al toolkit is an essential component of the t-DMO and the DMO. It houses both the LLM-
based translation of Intents and the Closed control-loop Operations essential for automating the Business
and the Service Autonomous Domains, which the t-DMO and the DMO address. In addition, D3.2 [12]
presents the initial implementation and integration strategies for the Intent handler function, with a primary
focus on intent translation and validation. Specifically, D3.2 describes the first implementation steps for
translating natural language intents into TM Forum 921 and ETSI Network Function Virtualisation (NFV)-
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compliant intent specifications using state-of-the-art large language models. It also outlines a general
implementation methodology applicable to both the t-DMO and the DMO.

The final architectural baseline for the implementation presented in this deliverable is provided by [13] D2.5.
D2.5 consolidates and finalises the overall 6G-INTENSE architecture and establishes the definitive design of
the DIMO framework, consisting of the t-DMO, the DMO, and the NCF, together with the Native Al toolkit. In
addition, D2.5 [13] defines the external interfaces between t-DMO, DMO, and NCF with the TM Forum 921
standard and further specifies internal interaction mechanisms based on state-of-the-art approaches such
as Agent-to-Agent (A2A) communication and MCP. It also provides service blueprints and workflows that
serve as the architectural foundation for the component implementation and integration activities. To recall
the t-DMO and DMO architectures, we include the architectural views derived from D2.5, as shown in Figure
2 and Figure 3, respectively.
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Figure 2: t-DMO General Architectur®?2.3[1]

In this deliverable, we present the implementation of the DMO and its integration with the t-DMO and Native
Al toolkit, following the final 6G-INTENSE architecture defined in D2.5. Based on the initial implementation
directions introduced in D3.2, this report describes the realised t-DMO and DMO components, their
interaction with the Native AI functions, and their support for end-to-end intent handling, lifecycle
management, and the APIs.
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Figure 3: Architecture of the DM{1]

In this deliverable, we build on the architectural requirements and innovation developments discussed in
previous deliverables. We present the implemented components supporting DMO and Native Al Integration.
Specifically, we describe the implementation of various components of the Native Al toolkit, taking into
account the t-DMO and DMO architectures introduced in Deliverable [1] D2.3, and explain how these
components are integrated into both t-DMO and DMO.
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4 t-DMO

The t-DMO is a component of the DIMO 6G framework, operated by an independent entity or merged with
DMO. t-DMO sells services to verticals without owning infrastructure or being responsible for enforcing
services on the 6G infrastructure. As detailed in D2.2 and D2.5, the t-DMO establishes Business-to-Business
(B2B) agreements with DMO(s) to deploy vertical services (or business intents) as service intents, and
Business-to-Consumer (B2C) agreements with vertical service owners.

The t-DMO allows business entities to act as Mobile Virtual Network Operators (MVNOs) in 4G and 5G
networks. It functions as an intelligent Business Support System (BSS), leveraging large language models
(LLMs) for natural language processing and using native Al to ensure SLA compliance for vertical services
through a closed control loop. The t-DMO communicates directly with the vertical service owner and uses
the DMO Northbound Interface (NBI) (a TMF921 server — TM Forum) to deploy vertical services. As
indicated in D2.5, t-DMO key functions provide “Create, Read, Update, and Delete” (CRUD) operations for
vertical services (or business intents) via a natural language chatbot interface. This interface allows the
vertical to express the service intents through natural language. The Intent handler is the component of t-
DMO that translates this human language intent into service deployment compliant with TMF921.

Each module is described in detail in D2.5. The t-DMO also integrates native Al algorithms from the toolKkit,
including: (i) an Intent handler, which is responsible for intent translation and vertical service composition.
This component primarily uses large language models (LLMs) and a knowledge base to translate natural
language intents into business intents, following the TMF921 approach; and (ii) a CCL, which supports
lifecycle management procedures for the vertical service (i.e., human-defined intent).

A

% ChatBot

/" Intent Handler \ N Intent LCM
¥
TMF321 MCP Client l
LLMsd{eTrrc'ni:a:ie:T and Tool discovery CCL Workflow(s) K
ploy Tool invocation
Apache
Airflow

\ J
A

Figure4: t-DMO implementation

Figure 4 shows the implemented version of t-DMO, adapted from D2.5. The system is composed of two main
components: (1) Intent handler: This component uses large language models (LLMs) to power a chatbot that
interacts with end-users. It translates user input into business intents compliant with TMF921 and deploys
these intents through an MCP client; (2) Lifecycle Management (LCM) Module: This module manages the life
cycle of each deployed intent by running CCL using predefined workflows.

Together, these components enable seamless interaction with users and efficient management of deployed
intents.

4.1 Intent handler
To recall, the Intent handler has the following functions:

e Interfaces with humans through a chatbot to interpret Human language and interact with customers
using a chatbot,

e Vertical service composition to leverage the intent,

e Intent translation and validation to generate a Business Intent compliant with the TMF921 format
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EGINTENSE!

Al Chatbot

Weicome to

Describe what kind of 6G/5G data you nead.

(a) Interaction with user to select the needed service to deploy

C O loalhost

FEINTENSE: intent-Based Networking

Al Chatbot

Ensure a CDN HLS proxy service is available to clients. Use the application hisproxy with image hisproxy:latest, deploy 1replica, expose it on node port 30091, run the container on
port 8091, request 100m CPU and 256Mi memory, limit it to SO0m CPU and 512Mi memory, and configure health checks with liveness delay 10s, liveness period 30s, readiness delay
Ss, and readiness period 10s

You're requesting a CDN HLS proxy service deployment with specific resource allocations and health

it: Deploy the hisproxy application container using image hlsproxy:latest with 1 replica
ration: Expose the service on node port 30091 for client access
Configure container port 8091 for internal communication
Request: 100m CPU, 256Mi memory
- Limit: 500m CPU, 512Mi memory
S. Healt o }
- Liveness probe: 10s initial delay, 30s period
- Readiness probe: 5s initial delay, 10s period
The system will orchestrate this deployment across your 6G/5G IBN infrastructure, ensuring the CDN HLS proxy service meets your specified performance and availability
requirements while maintaining network intent compliance.

This service will be provisioned through automated policy enforcement in your intent-based network framework

b) CDN service is selected
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(c) Translation of the CDN to a business intecdmpliant TMF921
Figure5: t-DMO chatbot

The t-DMO’s Intent handler is implemented as a component that integrates a chatbot to interface with users
and interpret natural language. Figure 5 shows the Graphical User Interface (GUI) of the Intent handler as it
interacts with end users via the chatbot. For this project, we focus on generating TMForum 921 business
intents for the project’s Proof-of-Concept (PoC) scenarios: (1) “Distributed Continuum towards Pervasive
Computing” and (2) “Metaverse.” The chatbot engages with users to generate the business intent content,
which will later be enforced by the TMF921 server.

First, the user selects the service they wish to deploy from a list of supported services. In this context, the
list is limited to services available through the DMO. For 6G-Intense, it includes only those services scheduled
for deployment during the WP5 Proof of Concept (PoC). These services cover business intents such as
sensing services (with three levels of precision), SD-WAN for connecting computing nodes, and the CDN
service. Each service requires specific parameters for deployment. In practice, this list can be much more
extensive and can be dynamically discovered by t-DMO through the marketplace, as described in D2.5.

In Figure 5 (a)(b), the user selected the CDN service, which, after iterations, issued the business intent as in
Figure 5(c).
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Figure 6: t-DMO Intent handler

Second, the user then double-checks the business intent; if it is valid, it can deploy it through the same GUI.
In the background, the Intent handler’s TMF921 client will call the TMF921 server API to deploy the business
intent using a MCP-based integration. We have developed an MCP server that acts as an abstraction layer,
which exposes TMF921 capabilities as high-level “tools” (e.g., create, retrieve, or manage intents), while
internally translating these tool calls into Representational State Transfer (REST) API requests compliant
with TMF921 specifications. The implemented approach is illustrated in Figure 6.

This separation ensures that the LLM does not directly manage API details such as endpoints, authentication,
or payload formats, while still accessing the full functionality of the TMF921 server.

When the LLM needs to perform an operation on an intent via TMF921, it communicates through the MCP
client, which forwards the request to the MCP server. The MCP server validates the input and translates it
into the appropriate TMF921 API call (such as creating or querying an intent). The TMF921 server processes
the request and returns a response, which the MCP server reformats into a tool response and sends back to
the LLM via the MCP client. The LLM then uses this information to generate a human-readable reply.

Transport Type

sTOI0

Command

Arguments

Tool-specific Metadsta: 244 paie

OutputScheme: e

MWistory O Server Notifications

Figure7: TMF921 MCP interaction

Figure 7 illustrates the interaction between the MCP client/server and the TMF921 API server. Note that the
MCP server can be implemented either within the DMO or as part of the t-DMO. The only requirement for
the DMO is the presence of a TMF921 API server.
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4.2 Lifecycle Management and CCL

Once the intent is deployed, the Intent handler initiates the Lifecycle Management (LCM) process for the
deployed intent. As outlined in D2.5, the LCM processes the consumer’s translated intent, which is activated
by the DMO. Each time an intent is activated at the t-DMO, a dedicated workflow is created to manage it in
real time. This workflow includes generating a CCL that monitors the intent’'s SLA and ensures intent
assurance. The CCL workflow consists of two main functions: (1) SLA Management (including monitoring
and analytics); (2) SLA Correction and Remediation.
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Figure8: CCL implemented as a DAGAmflow

We modeled the CCL workflow as a DAG and implemented it using Apache Airflow. Figure 8 displays the DAG
as shown in the Airflow dashboard. The illustrated pipeline is an example of a CCL that deploys the
microservices comprising the CCL (Monitoring System - MS, Analytical Engine - AE, and Decision Engine -
DE). In this example, the CCL manages a video service, which is deployed with an SLA requiring the delay to
be less than 5 seconds!.

The CCL consists of several components: a MS that collects infrastructure metrics( “ Cr e at e ),astep
to create a Grafana dashboard for visualizing these metrics (* Cr e at e _ d,a akhthabcansists’of a
machine learning model that predicts latency based on the collected metrics
(“Consume_metrjandaddBd Apnt e@dic@tl "§that thkesmeenedthtéon dctions if the SLA
is not met—specifically, by scaling CPU resources.

To create this DAG, two APIs are exposed to the Intent handler: “Start” and “Stop.” The Start API, among other
configuration parameters, accepts the CCL structure in JSON format, as illustrated in Figure 9. This structure
consists of three main blocks: the MS element, AE, and Action (DE).

17ZSM  PoC  Trustworthy Zero-touch Network and Service Management in 6G Networks with XAl and LLMs
https://zsmwiki.etsi.org/index.php?title=PoC_12_Trustworthy_Zero-
touch_Network_and_Service_Management_in_6G_Networks_with_XAI_and_LLMs.
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ooy o
"monitoringSystem": {
"kpis": ["cpu_vnf", "ram_vnf"],
"fromNsd_kpis": ["cpu_limit", "ram_limit"]
ks

"analyticsEngine": {
"modelEndpoint": "http://172.21.19.91:30802/predict",
"featuresToUse": ["cpu_vnf", "ram_vnf", "cpu_limit", "ram_limit"]
P
"Actions": {
"actionEndpoint": "http://172.21.18.80:30080/resources/",
"threshold": "70"

Figure9: CCL descriptor in JSON

The MS block specifies which metrics to collect—in this case, CPU and Memory. The AE endpoint receives
“f eat ur esdnpur &hd erédicts latency. The DE endpoint is responsible for making decisions. The
“t hr e pahamétedt defines the prediction accuracy required to trigger an action. The DE component
compares the latency predicted by AE with this threshold to determine whether an action should be taken.
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5 DMO

The DMO receives validated Service Intents from the t-DMO, translates them into executable Resource
Intents, coordinates their deployment through the workflow engine, and maintains runtime visibility over
their operational state through lifecycle management and closed-loop assurance. It connects semantic intent
processing with concrete infrastructure actuation toward the NCF and keeps track of traceability, policy
compliance, and auditability across the full-service lifecycle.

»
L
]
£2
55

Figure 10: DMO components

Figure 10 represents the translation process from Service Intents to Resource Intents within the DMO. The
DMO relies on a Service Catalogue that contains the set of services it is able to support. When a Service Intent
is received, it is forwarded to the Intent Manager, which attempts to map the request to one of the service
offerings available in the catalogue. Identifying the corresponding service is an important step, since it
determines the classes of resources and functions required for service realisation. Based on this mapping, a
workflow orchestrator can then assist in decomposing the service and identifying the associated resource
requirements. Once this decomposition has been established, an LLM-based translator uses a set of Resource
Intent templates as examples to generate the required Resource Intents. The role of the LLM is therefore
limited to the synthesis of the intent artifacts, which are subsequently validated before being propagated to
the NCF for execution.

The main components of the DMO are Intent handler, lifecycle management, workflow orchestration,
catalogue verification, validation, and the CCL, Figure 10. These functions are intentionally domain-agnostic:
the same control pipeline can support different ontologies and use cases, while the domain-specific details
such as sensing, CDN-Kubernetes, or SD-WAN Key Performance Indicator (KPI) vocabularies are introduced
through the intent templates, ontology definitions, and catalogue records.

The DMO pipeline presented in this section is domain-agnostic and supports multiple use cases within the
DMO. For clarity, however, the examples used in the following subsections mainly focus on the sensing or
CDN/ Kubernetes (K8s) use case, since they provide the most complete reference set of KPIs, ontology
definitions, and TMF intent artifacts. The same processing model applies to other supported domains, with
only the domain-specific ontology and intent content changing. Figure 11 shows the user interface, including
the chatbot, the CCL, the API endpoints for the DMO implementation.
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Figure11: The DMO user interface

5.1 Intent handler

In this section, the Intent handler and Intent Lifecycle Management functionality will be described.
5.1.1Concept

The Intent handler and Intent Lifecycle Management are the main components of the DMO. It defines the
processing model for every Resource Intent from the moment the DMO receives a validated Service Intent
from the t-DMO through the NB], to the point at which a deployed Resource Intent is terminated and its state
is archived. The intent handler contains the intent translation, catalogue verification, validation, lifecycle
tracking, and northbound reporting. It treats every intent as a stateful entity with a defined lifecycle. A new
intent enters the framework as an incoming Service Intent artefact, passes through the translation and
verification stages managed by the Intent handler, and then transitions into the workflow engine and CCL &
monitoring. At every stage, the intent handler and life cycle manager maintain a complete audit record,
propagate structured error information to the northbound interface, and enforce fail-safe defaults that
prevent incomplete or invalid artefacts from progressing further through the pipeline.

5.1.2Implementation

In the implementation, the Intent handler follows a sequential processing pipeline that combines
deterministic preprocessing, LLM-based generation, and validation of the generated output, as depicted in
Figure 12. The implementation separates factual decisions such as compatibility checks, KPI filtering, and
candidate resource selection from the generative step, so that we can reduce hallucination and ensure the
Resource Intent remains grounded in catalogue data and verified service constraints. The following sections
explain the implementation of the intent handler components.

5.1.2.1 Intent Translation

The intent translation in the DMO (Figure 12) accepts a validated service intent delivered by the t-DMO and
produces a resource intent that binds the service requirements to a specific, catalogue-verified network
resource. The algorithm consists of four logically distinct phases executed in sequence: input validation,
constraint extraction, deterministic resource selection, and resource intent generation.
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Figure 12: Intent translation through both the tDMO and DMO

i. Input validation

Before resource intent generation begins, the intent handler first validates the incoming service intent from
t-DMO. This protects against wasted computation and prevents the generation of resource intents from
invalid upstream artefacts. Although the t-DMO is expected to deliver only validated service intents, the DMO
independently verifies that the incoming service intent is non-empty and does not contain any of the
following semantic error markers:

e UNSUPPORTED_DOMAIN: The requested service domain is not within the operational scope of the
DMO.

e NO_RESOURCE_MATCH: A prior resource selection attempt returned no eligible candidate.

o NO_RESOURCE_GENERATED: A prior resource intent generation step produced no output.

If any of these markers are detected, the intent handler immediately returns a NO_RESOURCE_GENERATED
marker without invoking further processing. This is a fundamental way to minimise hallucination, and the
system will never attempt to generate a resource intent from an artefact that is known to be invalid or out-
of-scope.

ii. Constraint extraction

After the validation of the service intent, the intent handler parses the service intent to recover the
structured parameters that will drive resource selection. The extraction is performed by a dedicated parsing
method that processes the Resource Description Framework (RDF) / Turtle format (TTL) content and
returns a normalised constraint dictionary. For example, for sensing and localisation, the following fields in
Table 2 are extracted:

Table2: Sample parameters extracted duringesource selection

Extracted Field Source in Service intent

Service Specification ID Localisation name of the icm:deliveryDescription Uniform
Resource Identifier (URI) (e.g. Localisation_L1). The suffix
denotes the service level tier.

Latency (latency_s) icm:latency property value, expressed in seconds.

Precision (precision_m) Observation block: latestValueOf met:LocationPrecision with
icm:atMost constraint.

User Density (user_density) Observation block: latestValueOf met:ConcurrentUsers with
icm:atMost constraint.

Coverage Areas Members of icm:subjectContainer, representing the
geographic scope of the service request.
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iii. Deterministic resource selection

o Resource Selection: It is performed by a deterministic filtering and ranking algorithm operating
over the resource catalogue. This is an important design principle to minimise hallucination. The
LLM is never asked to select/create a resource. Instead, the resource is selected using the binding
algorithm before the LLM is invoked, and the selected resource's full metadata is injected into the
prompt. For the case of sensing and localisation, the selection process proceeds through four
sequential steps:

o Service Level Compatibility Filter: The service level suffix is parsed from the service specification
ID (e.g. L1, L2). Only resources that declare the requested level in their supportedServicelLevels
capability array are retained as candidates.

e Geographic Coverage Filter: Only resources whose declared coverage area set intersects with the
set of areas requested in the service intent are retained. A resource that does not cover at least one
requested area is eliminated.

e KPI Hard Constraint Filter: Each remaining candidate is checked against three hard KPI
constraints: the resource's maximum latency must not exceed the requested latency; the resource's
maximum precision must not exceed the requested precision; and the resource's maximum user
density must meet or exceed the requested density. Candidates failing any constraint are eliminated.

o Cost-Weight Ranking: Among all remaining eligible resource candidates, the resource with the
lowest costWeightpolicy value is selected. This minimises cost and satisfies all hard constraints.

If no resource candidates survive the filtering process, the intent handler records the specific matching
errors that explain which constraints could not be satisfied and returns a NO_RESOURCE_MATCH marker.
This error detail is propagated to the northbound interface for operator visibility.

iv. Resource intent generation

Once a resource has been deterministically selected, the DMO agent is invoked to generate the resource
intent artefact. The role of the DMO agent is strictly bounded to TTL generation; it does not perform resource
selection, constraint evaluation, or any decision that could affect the correctness of the output. This
boundary is enforced through prompt engineering design.

The prompt is structured in three layers. First, three complete, validated service intent to resource intent
translation pairs are included as few-shot examples to demonstrate the expected output structure, prefix
declarations, property bindings, and KPI encoding conventions. Second, the full metadata record of the
selected resource is injected into the prompt, including resourceld resourceTypedomain, capability profile,
coverage areas, and policy parameters, and the model is explicitly instructed to bind the intent target to this
specific resourceld Third, the prompt includes a constraint preservation instruction and directs the agent to
forward all KPI constraints from the service intent into the resource intent without modification.

The raw DMO agent output is post-processed by a cleaning function that trims the output to begin at the first
@prefix declaration, discarding any preamble, explanation, or markdown formatting the model may have
produced. This helps to ensure that only syntactically parseable TTL content is passed to the downstream
validation stage.

The DMO agent is designed to support various LLMs. In the current implementation, the agent has been
validated with OpenAl GPT-40 and Mistral large instruct models, accessed via their respective APl endpoints.
The model is selected at configuration time and injected into the agent pipeline without changes to the
prompt structure or post-processing logic, provided the selected model supports instruction-following in a
chat completion format. Few-shot prompting is the primary prompting strategy used across all supported
models, with the same set of validated service-to-resource intent translation examples included in every
request. The low-temperature inference setting is applied uniformly to minimise output variability and
reduce the risk of hallucinated property bindings or non-standard TTL structures. Model-specific
considerations, such as context window limits and token cost, are managed at the configuration layer and do
not affect the correctness guarantees of the downstream validation pipeline.

Example: [ need basic localisation, level 1, in Area_A for the next 15 minutes, tracking up to 10 users with
an accuracy of about 5 meters and position updates every second (Figure 13).
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Figure 13: Sample resource intent generated from the NLPui

5.1.2.2 Catalogue Verification

Catalogue verification is performed at two points in the intent handler pipeline: against the service catalogue
to validate the incoming service specification and its KPI bounds, and against the resource catalogue to select
the appropriate resource and to verify that the generated resource intent is consistent with that resource's
known capability profile. Together, these two catalogue interactions provide the factual ground truth that
makes the DMO's output deterministic, verifiable, and audit-ready.

i. Service Catalogue

The service catalogue is a structured registry of all network service specifications that the network is capable
of processing. Each entry defines the service specification identifier, descriptive metadata, and the maximum
allowed KPI bounds for that service level. The intent handler in the DMO uses the service catalogue to
confirm that the incoming service intent references a known specification and that its KPI values lie within
the bounds that the catalogue defines as achievable. For sensing and localisation, each service specification
record contains the following fields in Table 3.

Table3: Srvice cataloguererification parameters

Field Description

serviceSpecld Unique identifier (e.g. Localisation_L1). The suffix denotes the
service level tier.
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metadata.name

Human-readable name for the service specification.

metadata.serviceCategory

High-level service category (e.g. Localisation, Connectivity).

metadata.serviceLevel

Numeric or symbolic level indicator aligned with the
serviceSpecld suffix.

kpis.maxLatency_s

Maximum allowed end-to-end latency in seconds for this
service level.

Kpis.maxPrecision_m

Maximum allowed positioning precision in metres.

kpis.maxUserDensity_per_m2

Maximum concurrent user density per square metre.

kpis.periodicity_per_min

Reporting or update periodicity per minute.

kpis.defaultDuration_min

Default service session duration in minutes.

shareable Boolean indicating whether the service may be shared across
concurrent sessions.
tmfTemplatelds TMF Open API template identifiers associated with this

specification.

The Service Catalogue is loaded and indexed by serviceSpeclcit agent initialisation. During catalogue
verification, the parsed service intent KPI values are compared against the limits in the matching catalogue
record. Any value that exceeds the catalogue-defined maximum is recorded as a catalogue error. These
errors are structured objects that identify the specific field, the requested value, and the catalogue limit. They
are propagated to the orchestration layer and northbound API, and their presence helps the intent to be
flagged as non-deployable.

il. Resource Catalogue

The resource catalogue is a structured registry of all physical and virtual network resources available for
allocation by the NCF. Each resource record provides the capability profile, geographic coverage, and
allocation policy parameters required for deterministic resource selection. The resource catalogue is used
at two points: during resource selection (to filter and rank candidates) and after agent synthesis (to verify
that the generated resource intent is consistent with the selected resource's known capabilities). For sensing
and localisation, each resource record contains the following fields in Table 4.

Table4: Resource catalogue verification parameters

Field Description

resourceld Unique identifier for the resource instance, used as the
intent target binding in the generated TTL.

resourceType Type classification (e.g. PositioningServer,
EdgeComputeNode).

domain Network domain in which the resource operates (e.g. Radio
Access Network - RAN, Core, Edge).

description Human-readable description of the resource.

capabilities.maxPrecision_m

Maximum achievable positioning precision in metres.

©6G-INTENSE

Page | 27




D3.4 Final Report on DMO Implementation and Native Al Integration

capabilities.maxLatency_s Minimum achievable end-to-end latency in seconds.

capabilities.maxUserDensity_per_m2 Maximum concurrent user density per square metre.

capabilities.maxArea_m2 Maximum geographic coverage area in square metres.

capabilities.supportedServiceLevels Service level tiers this resource is certified to support.

capabilities.supportsMultiArea Boolean indicating multi-area simultaneous coverage
support.

coverage.areas Named geographic areas within which this resource

provides coverage.

capacity.maxConcurrentSessions Maximum number of concurrent service sessions this
resource can host.

policies.preferredForLevels Service level tiers for which this resource is the preferred
allocation.
policies.costWeight Relative cost weight for candidate ranking; lower values

indicate lower cost.

After the DMO agent generates the resource intent, the generated KPI bindings are re-checked against the
selected resources capability record. This post-generation verification confirms that the agent has not
introduced values that contradict the known resource profile. Any discrepancy is captured as a capability
violation error and propagated to the northbound interface.

5.1.2.3 Intent Validation

Intent validation in the DMO operates at multiple layers to validate against invalid, inconsistent, or unsafe
intent artefacts. The validation has three stages syntactic validation: whether the TTL is structurally well-
formed, semantic gating: if the intent references known entities and does not carry error markers, and
capability validation: whether the specified KPIs lie within the achievable bounds of the selected resource.
These layers are applied at different stages in the pipeline and are designed to be independently extensible.

i. Syntactic Validation Layer

Syntactic validation checks if the TTL content produced by the translation step is structurally valid RDF/TTL
that can be parsed without errors. The syntactic validator is invoked on the generated resource intent before
it proceeds to the next stages. In the current implementation, the syntactic validator operates in a soft mode,
where the validator corrects the syntax errors and returns a valid result regardless of content and functions
as a non-blocking pass-through. If needed, the syntactic validator could be replaced with a strict RDF parser
that raises a hard error on syntactically incorrect intents, preventing invalid artefacts from advancing
through the pipeline.

il. Semantic Gating via Error Markers

The semantic gating mechanism uses a set of predefined string markers embedded in TTL content to signal
non-deployable states. These markers are evaluated at the entry point of each processing stage, creating a
lightweight but effective signalling mechanism that prevents cascading failures. The complete set of markers
is given in Table 5.

Table5: Error markers during intent generation

Marker Meaning

# UNSUPPORTED_DOMAIN The requested service domain is outside the DMO's
operational scope.
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# CATALOGUE_CONSTRAINT_VIOLATION A generated intent contains KPI values that violate
catalogue-defined limits.

# NO_RESOURCE_MATCH The deterministic resource selection algorithm found
no eligible resource candidates.

# NO_RESOURCE_GENERATED The resource intent generation step produced no
output artefact.

# RESOURCE_CAPABILITY_VIOLATION The generated Resource Intent specifies KPI values
that exceed the selected resource's capabilities.

Any intent TTL containing one of these markers is treated as non-deployable. Downstream processing stages
return a corresponding marker immediately without performing further work, to make sure that errors are
propagated cleanly rather than silently through the pipeline.

iii. Resource Intent Catalogue Validation

Catalogue validation of the resource intent is performed after the agent generates the resource intent. The
validation parses the generated resource intent using an RDF library and extracts the KPI bindings present
in the artefact. These values are then compared against the capability record of the selected resource. The
validation checks confirm that the synthesised KPI bindings are consistent with the resource declared
capabilities and that no values have been introduced by the agent that exceed what the resource can deliver.

Parse failures, such as RDF syntax errors introduced by the agent, are captured as matching errors rather
than raised as exceptions; hence the pipeline always produces a structured error response. Like other
validation layers, catalogue validation of the resource intent operates in semi-soft mode, where errors are
accumulated in a matching errors list and propagated to the northbound interface, allowing operators to
inspect validation failures in detail.

5.1.3Tools Used

The Intent handler implementation uses RDF/TTL parsing and serialisation libraries, structured service and
resource catalogue files, deterministic matching logic implemented in Python, and configurable LLM APIs
for TTL synthesis. Prompt engineering, few-shot examples, output cleaning functions, and layered validation
modules are combined to ensure that generated Resource Intents are syntactically correct, semantically
admissible, and traceable to the incoming Service Intent.

5.2 Lifecycle Management and CCL
5.2.1 Concept

The Intent Lifecycle Manager (ILM) governs the complete operational lifecycle of a resource intent from the
moment of generation through deployment, runtime monitoring, and eventual termination or retirement. It
is the operational backbone of the DMO, coordinating the Intent handler, the workflow orchestration engine,
and the NCF interface into a unified, closed-loop management process. The decomposition and propagation
of intents from service intents into resource intents ensures a seamless transition from abstract operator-
defined goals to actionable tasks deployable across network and cloud domains. Every state transition
within the lifecycle is recorded in a persistent database and reported to the northbound interface, ensuring
continuous visibility for the t-DMO client.

The ILM is implemented as part of the broader intent lifecycle management process defined by TM Forum
for intent-based operations in autonomous domains, adapted within the 6G-INTENSE [7] architecture. It
enables automation of the autonomous domain and improves resource management by mapping resource
intents into diverse network elements through workflow orchestration. The use of structured, orchestrated
workflows is an essential step towards autonomous network operation: it recreates the closed-loop
corresponding to the intent lifecycle in each autonomous domain, ensuring the smooth transition of intents
from planning through to operational deployment.
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5.2.2Implementation

At the implementation level, lifecycle management is realised through workflow-driven execution,
persistent deployment state tracking, runtime monitoring, and remediation logic. Validated Resource Intents
are transformed into executable task graphs, deployed through a workflow controller, monitored during
operation, and either updated or retired depending on runtime assurance outcomes produced by the Closed
Control Loop.

5.2.2.1 Workflow Orchestration Engine

The workflow orchestration engine is the dynamic planning and execution component of the ILM. When the
agent receives a validated resource intent, the workflow engine assesses the availability of the services and
resources referenced in the intent and generates an adaptive workflow plan accordingly. This plan is
represented as a DAG, in which each node is a discrete task in the intent fulfilment process and each edge
defines the execution dependency between tasks. The DAG structure ensures that tasks are executed in the
correct order and that parallel tasks with no interdependencies can be executed concurrently, maximising
throughput.

The workflow engine is associated with the resource intent it tries to fulfil: each resource intent results in a
distinct DAG that encodes the specific sequence of translation, validation, deployment, and monitoring tasks
required for that intent. The different actions that compose the intent lifecycle - translation, validation,
resource deployment, monitoring, and retirement - are treated as small, isolated tasks within the DAG, each
with clearly defined inputs, outputs, and failure behaviour, making the workflow auditable and scalable.

For workflow controller implementation, Argo Workflows and Apache Airflow have been evaluated as the
primary candidates, both being open-source and supporting DAG-based execution. Argo Workflows operates
natively on Kubernetes, mapping each DAG task directly to a Kubernetes container, making it well-suited for
cloud-native deployments where task isolation and resource governance are priorities. Apache Airflow uses
a controller-based model to manage Kubernetes containers, offering richer scheduling and dependency
management features. Both support declarative DAG definition in YAML or Python, enabling reproducible,
version-controlled workflow specifications.

i. Workflow Controller and DAG Execution

Once the workflow engine generates the DAG for a given intent, the DAG is passed to the workflow controller
for execution. The workflow controller actively manages the instantiation, monitoring, and potential
termination of the tasks that compose the DAG. It instantiates the DAG in the Kubernetes cluster, scheduling
each task as a container and managing inter-task dependencies. The controller provides robust handling of
both successful task completions and failures, issuing timely notifications and triggering adaptive responses
to unexpected changes in execution state.

The intent handler receives intents and reports from external agents (Policies, Services, Al Models) and
interfaces directly with the workflow engine. The workflow engine produces a WF DAG, which is passed to
the workflow controller for Kubernetes execution. The workflow controller dispatches the individual
workflow steps (WF Step 1, WF Step 2, WF Step 3) that realise the intent lifecycle tasks. For the deployment
path, these steps execute Translation, Validation, and resource intent deployment in sequence, resulting in
one or more resource Intent Deployment instances. For the retirement path, the workflow steps execute the
Retirement of Resources, decomposing into individual resource retirement tasks for each Resource Intent
instance.

il. Intent Lifecycle Phases and DAG Task Steps

The intent lifecycle within the DMO is structured as two principal DAG paths: a deployment path that takes
aresource intent from generation through active operation, and a retirement path that gracefully terminates
and releases the resources associated with an active intent. Each path is composed of a sequence of discrete
workflow steps executed by the workflow controller. For a typical resource intent serving a network service
such as video streaming localisation, the deployment DAG steps are:

e Translation: The Resource Intent Agent translates the validated service intent into a resource intent,
performing constraint extraction, deterministic resource selection, and LLM-based synthesis.
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e Validation: The generated resource intent is validated against the resource catalogue to confirm KPI
consistency and capability compliance. Semantic error markers are evaluated, and any catalogue
violations are recorded as structured error objects.

o Resource Intent Deployment: Upon successful validation, the resource intent is forwarded to the
NCF via the intent handler to be registered for execution. The workflow step creates a persistent
Deployment record, transitions the lifecycle phase to DEPLOYING, and stores the resource intent in
the deployment artefact directory. Where a service requires multiple resource instances, parallel
resource Intent deployment sub-steps are spawned as sibling nodes in the DAG, each handling one
resource intent independently.

¢ Runtime Monitoring: Once the deployment transitions to the RUNNING state, the ILM continuously
queries the NCF for runtime status, generates periodic KPI telemetry samples, and stores them as
TelemetrySamplerecords. Status and telemetry are exposed to the t-DMO client through the
northbound interface on every status query.

The retirement DAG path is triggered when an operator requests termination of an active deployment or
when the intent’s time-to-live expires. The retirement path executes a Retirement of Resources workflow
step, which decomposes into individual resource retirement sub-steps, one per resource intent instance in
the deployment. Each sub-step issues a retirement command to the NCF for the corresponding resource,
confirms resource release, and updates the deployment lifecycle phase to ABORTED. Aborted deployments
are retained in the database for audit purposes and are never deleted.

iil. Lifecycle Data Model and Persistence

All deployment state is persisted in a relational database using a structured data model. The core entity is
the Deployment record, which captures the complete state of a single intent deployment instance. The
Deployment entity captures: identity fields (deployment ID, user ID, and session ID linking the deployment
to the originating chat session); artefact paths (file system paths to the Service and Resource Intent TTL
files); intent identifiers (service intent ID and resource intent ID as referenced in the TTL artefacts); state
fields (current deployment status and lifecycle phase); routing fields (target domain identifier and schedule
hint for deferred deployments); and temporal fields (creation and last-update timestamps for audit and
monitoring purposes).

A secondary entity, the TelemetrySampleecord, captures runtime KPI measurements collected during the
RUNNING phase. Each sample includes the deployment Identifier (ID), the Local Management Orchestrator
(LMO) type, a JSON payload of measured metrics, and the intent identifiers for correlation with the
originating intent artefacts. Table 6 summarises the deployment lifecycle phases and their operational
meaning:

Table6: Deploymentand lifecycle phases

Lifecycle Phase Description

PENDING Deployment request registered by the workflow controller; DAG
instantiated in Kubernetes cluster; awaiting NCF confirmation.

DEPLOYING NCF has acknowledged the Resource Intent; resource instantiation
DAG steps are executing in the Kubernetes cluster.

RUNNING Deployment is active; KPI telemetry collection is in progress;
workflow monitoring step is executing.

TERMINATING Retirement DAG steps executing; NCF releasing resources; individual
Resource Intent retirement steps completing.

ABORTED All resources retired; deployment record retained in database for
audit; retirement DAG completed.
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iv. Workflow Orchestration Performance KPIs

The performance of the workflow orchestration innovation and its impact on service creation and
deployment are evaluated against the following KPIs:

e Latency: Time elapsed from the point at which a Service Intent is received by the DMO until all
required Resource Intents have been requested from the NCF.

e Request Throughput: Number of intent requests that can be handled by the workflow orchestrator
within a defined timeframe.

o Concurrency: Ability to handle simultaneous intent requests without performance degradation,
measured as the maximum number of concurrent DAG executions supported.

e Success Rate: Ratio of successful to unsuccessful intent fulfilment requests, distinguishing between
translation failures, validation failures, and NCF deployment failures.

e Agent Plan Accuracy: Degree to which the LLM-generated Resource Intent plan is accurately
adopted through to service execution, measured against the original KPI constraints specified in the
Service Intent.

5.2.2.2 Closed Control Loop (CCL)

Within the DMO, the CCL, Figure 14 is the runtime assurance mechanism that continuously checks whether
the deployed service still satisfies the intent objectives and the associated SLA commitments. Whereas the
intent translation pipeline determines what must be deployed and the Workflow Engine coordinates the
execution of deploymentactions, the CCL is responsible for observing operational behaviour after activation,
detecting deviations, and triggering remediation whenever the deployed service drifts away from its
expected state.

In practical terms, the CCL closes the gap between intent specification and operational reality. It correlates
service-level and infrastructure-level evidence, compares the observed state with the expected intent state,
and asks the DMO to reconfigure, update, or retire intents when needed. The CCL does not directly own or
manipulate resources; instead, it operates through the DMO intent lifecycle and southbound interaction with
the NCF, preserving the architectural principle that all resource-facing actions pass through intent.

DMO PORTAL

MENU CLOSED CONTROL LOOP

Chat
Intent g

1 Observe  Evalu,

OBSERVE

monitor ui-col

info RUNNING

Figure 14: The CCL interface and components

The core function of the CCL is to maintain compliance between the running service and the intent from
which it was derived. To do so, it performs four recurring tasks. First, it collects observations from the
surrounding system, including intent reports, service-level KPI measurements, workflow execution state,

©6G-INTENSE Page | 32




D3.4 Final Report on DMO Implementation and Native Al Integration

and infrastructure or platform notifications from the NCF side. Second, it evaluates these observations
against the original Business, Service, and especially Resource Intent constraints, as well as against DMO
policies and expected operating bounds. Third, it determines whether the service is still compliant, degraded,
or in violation. Fourth, if corrective action is needed, it triggers the DMO lifecycle functions so that updated
or patched intents can be propagated toward the NCF. The output of the CCL is therefore not raw
orchestration logic, but a decision: keep the service unchanged, request a remediation, patch the current
intent, create a replacement intent, retire the failed intent, or escalate the issue for negotiation.

The CCL is embedded within the DMO and interacts with both the intent lifecycle functions and the NCF-
facing interface. From the DMO side, it receives the contextual information required to assess compliance,
such as the intent identifier, expected KPI set, service/resource bindings, and workflow state. From the NCF
side, it receives reports and events describing the actual execution and operational condition of the deployed
service or workload. CCL combines these inputs to build an operational view of the service instance.

When the CCL detects no deviation, it simply updates the DMO with the current assurance status. When a
deviation is detected, the CCL does not bypass the DMO; rather, it asks the DMO to update the intent lifecycle
state and, if needed, to generate a modified or replacement Resource Intent. The DMO then uses the
Workflow Engine and the TMF921-based intent management interface to propagate the action toward the
NCF.

i. API Endpoints Used by the CCL

The CCL should use the existing TMF921 intent management endpoints wherever the required lifecycle
behaviour is already standardised. These endpoints are appropriate for creation, retrieval, update, deletion,
and reporting of intents. However, TMF921 does not natively provide all the low-level telemetry and analysis
functions that a runtime assurance loop needs. For that reason, the DMO should complement the TMF921
endpoints (Table 7) with a small set of internal CCL APIs dedicated to observation, analysis, and remediation
triggering.

Table7: Standard TMF921 endpoints relevant to the DMO CCL

Endpoint Ez;pose i Typical Input | Typical Output When Used
Day 0
Submit a new TMF921 Created intent onboarding or
. Intent payload | . .
. intent or . identifier and full
POST /intent e with Resource | . .. .
remediation intent Intent initial lifecycle replacement
toward the NCF. . state. after
expression. L
remediation.
. Current stored When the CCL
Retrieve the Intent intent object and needs to
GET /intent/{id} current state of a . i . J verify state or
. identifier. lifecycle
managed intent. . . correlate
information.
reports.
When the CCL
Apply corrective | Intent Updated ntent | modification
PATCH /intent/{id} updates to an identifier plus P
existing intent atch payload state. of the current
& ) p pay ) intent is
sufficient.
Retire or remove Intent Deletion thsn the CCL
DELETE /intent/{id} an obsolete or identifier knowledeement decides the
failed intent. entihier. acknowledgement. | current
deployment
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must be
removed.
To assess
Ret.rleve Intent report(s), wheth(_er .
fulfillment or . remediation
GET Assurance Intent execution or succeeded or
/intent/{id}/intentReport feedback linked to identifier compliance the intent
. feedback. .
an intent. remains
degraded.
For event-
. ription riven CCL
Subscribe to Subscriptio Asynchronous drive .CC
POST /hub and e request and : operation and
. . notifications intent/report .
listener/event endpoints | . . callback lifecycle
instead of polling. . events. e
endpoint. notification
handling.

The TMF921 endpoints above are sufficient for the external lifecycle control of intents. In particular, the CCL
should use retrieval and report endpoints to evaluate compliance, and the patch/delete/create operations
to request the chosen remediation path. Listener and event endpoints are especially useful when the CCL is
implemented in an event-driven fashion, since they reduce the need for repeated polling and allow faster
reaction to state changes.

Although the TMF921 APIs in Table 8 cover the external intent lifecycle, the DMO still requires internal APIs
to support observation, correlation, analysis, and decision-making. These APIs do not replace TMF921; but
they supply the operational information that the CCL needs before it can decide whether to invoke a standard
intent lifecycle action.

Table8: CCL APIs within the DMO

Internal API Functionality Input Source Output Consumer
Ingest monitoring
) NCF events, KPI
observations collectors Normalized CCL
POST /ccl/observe associated with a ’ . observation
L workflow status, | observation record.
running intent . . layer.
. service monitors.
instance.
Compare. Normalized Compliance
observations observations assessment CCL decision
POST /ccl/evaluate against the lus intent violation ﬂa, S layer
expected KPI/SLA P : &% yer.
. context. severity.
and policy state.
Compliance
assessment,
li 1 Decisi ject:
POST /ccl/decide remediation P . P, patch,
strategy to apply Hierarchical replace, retire, orchestrator.
" | Reinforcement escalate.
Learning (HRL)
recommendation.
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Trigger the Lifecycle action
appropriate Decision object request toward DMO intent
POST /ccl/remediate | intentlifecycle and targetintent | intent lifecycle /
action inside the | identifier. manager/workflow | workflow layer.
DMO. engine.
Retri h
etrieve the Latest assurance User Interface
GET current CCL . e . .
. Intent identifier. | status and pending | (UI), analytics,
/ccl/status/{intentld} | assessment for a .
. . action state. operator tools.
given intent.

ii. Mapping the APIs to the CCL Workflow

The combined use of TMF921 and internal CCL APIs can be understood as a layered control sequence (Table
9). The first layer is observation, in which telemetry, workflow information, and NCF notifications are
collected through monitoring and event interfaces. The second layer is evaluation, where these observations
are compared against the expected KPI and intent state. The third layer is decision making, where the CCL
determines the corrective action. The fourth layer is execution, where the DMO applies that decision by
invoking the corresponding TMF921 operation toward the NCF-facing interface.

Table9: Endto-end mapping from CCL stage to APIs, inputs, and outputs

CCL Stage Primary API(s) Main Inputs Main Outputs Next Step
ROST /ccl/observe, NCF reports, KPI Normalized
. listener/event callbacks, measurements, . .
Observation GET service health operational Evaluation.
/intent/{id}/intentReport workflow state. observations.
Observations plus Compliance .
. POST /ccl/evaluate, GET , score, detected Decision
Evaluation . . current intent and e . .
/intent/{id} expected KPIs drift, violation making.
P ' flags.
Compliance Decision to kee
results, policies, atch. renlace P,
Decision POST /ccl/decide thresholds, Ir)etire’ orp ’ Remediation.
optional HRL ’
. escalate.
recommendations.
POST /ccl/remediate, Decision object Intent lifecvcle Execution in
Remediation PATCH /intent/{id}, POST and target intent action re uyest DMO/NCF
/intent, DELETE /intent/{id} | context. q ' '
GET /intent/{id}, GET Updated lifecycle | Confirmation of _
. . : s state and post- recovery or Continue loop
Verification /intent/{id}/intentReport, o X
. remediation persistent or escalate.
listener/event callbacks .
reports. failure.

5.2.3 Tools used

The lifecycle management and CCL implementation rely on workflow orchestration frameworks, persistent
storage for deployment and telemetry records, TMF921 client adapters for lifecycle operations, and
monitoring components that collect KPI observations and external reports. Kubernetes-native execution
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frameworks and internal control APIs are used to support deployment sequencing, event handling, state
reconciliation, and remediation triggering.

5.3 Ontology-Based Service Modelling for Project’s Use Cases
5.3.1Concept

Intent-based automation is realised by expressing service and resource requirements as formal, machine-
readable intent artefacts. This section marks the transition from the conceptual intent-management
approach described earlier to the concrete implementation work performed in the DMO. For this reason, the
focus is not on defining a new intent model for every possible service type, but on showing how the adopted
modelling approach can be applied in practice to the service families selected for the 6G-INTENSE use cases.

In principle, the same approach can be applied to any service that can be described through targets,
expectations, constraints, and catalogue bindings. However, in this deliverable we focus on SD-WAN, JCS, and
CDN-Kubernetes because these technologies are the ones used in the project validation scenarios. They
provide representative examples of the different types of requirements that the DMO must handle:
connectivity and network-policy requirements in SD-WAN, communication and sensing-related
requirements in JCS, and cloud-native service deployment requirements in CDN-Kubernetes. Therefore,
these cases are used as concrete implementation examples of a generic ontology-based intent-modelling
process.

In this work, we adopt the TM Forum intent modelling representation, where an intent specifies the
outcomes that must be achieved rather than the procedural steps required to achieve them. The intent
expression is encoded using a structured ontology-based model, which supports validation, lifecycle
management, negotiation, and catalogue-driven binding. In general, a TMF intent is composed of two main
parts: the targets to which the intent applies, and the expectations that define the required behaviour or
constraints over those targets. These expectations may include delivery, property, and reporting
expectations. Their constraints are represented through logical operators and explicit equality or
comparison conditions, enabling deterministic parsing and reasoning across the intent lifecycle.

To support separation of concerns and progressive refinement, the implementation organises intents into
three layers. The Business Intent represents the customer or tenant outcome. It captures the high-level
objective, expected KPI values, and contextual scope, without binding the request to provider-specific
service offers or infrastructure mechanisms. The Service Intent represents the provider-facing service
contract. It preserves the KPI values from the Business Intent and enriches them with service-level bindings
that enable deterministic selection of supported service offers, such as service specifications, service tiers,
interaction models, and interface or security assumptions. The Resource Intent represents the execution-
oriented specification that can be processed by the infrastructure abstraction layer, such as the Network-
Compute Fabric or an orchestration platform. It preserves the service-level KPI and SLA objectives while
enriching the intent representation with resource-facing information required by the Network-Compute
Fabric, such as resource requirements, QoS constraints, policy-related parameters, monitoring inputs, and
deployment-specific properties. This is aligned with the 6G-INTENSE intent flow described in the GA and
WP2 deliverables, where business-level intents are translated into service-level intents and then refined into
resource intents that allow the Network-Compute Fabric to select appropriate resource providers and
propagate the resulting information towards the relevant Local Managers and Orchestrators.

This layered modelling process establishes a consistent semantic path from user intent to executable
infrastructure behaviour. The following subsections apply this process to the selected project use cases,
showing how SD-WAN, JCS, and CDN-Kubernetes intents are represented, refined, and prepared for their
subsequent mapping to service/resource descriptions and runtime orchestration.

5.3.2Implementation

In implementation, the ontology layer binds the generic DMO processing model to concrete domain
vocabularies, KPI fields, service classes, and execution templates. The approach is not limited to a specific
service type and can be applied to any service that can be described through targets, expectations, KPIs,
constraints, and catalogue bindings. The same Intent handler, lifecycle functions, and TMF-style artefact flow
can therefore be reused across different domains, while the ontology definitions, sample intents, KPI fields,
and execution templates are specialised according to the service being modelled.
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In this deliverable, we demonstrate the approach through the domains selected for the 6G-INTENSE use
cases: SD-WAN, Sensing, and CDN-K8s. These domains are used as concrete examples because they
correspond to the project validation scenarios and cover different kinds of service requirements, including
connectivity, sensing, and cloud-native deployment. The following subsections therefore present the KPI
definitions and ontology artefacts for these three domains as representative examples of the generic
modelling process.

The ontology artefacts have been modelled using the TM Forum intent representation and encoded in
RDF/Turtle (TTL) format. This provides a formal, machine-readable, and interoperable basis for intent
translation, validation, catalogue binding, and downstream execution.

5.3.2.1 SD-WAN CDN Ontology

The SD-WAN-CDN ontology describes an integrated media-streaming service in which the business/service
layer captures the end-to-end service objective, while the resource layer is decomposed into two execution-
oriented Resource Intents: one for SD-WAN transport and one for CDN deployment. In this use case, the
Business Intent and Service Intent are considered equivalent at the semantic level, since both express the
same composite service requirement: deliver media traffic between two sites using SD-WAN connectivity
and lightweight CDN instances. The KPI set for this ontology (Table 10) focuses mainly on the transport
guarantees needed by the streaming flow, namely end-to-end latency and throughput across the SD-WAN
and CDN, which mainly captures the lightweight deployment parameters required to instantiate one CDN
node at each selected site.

Table10: SDWAN-CDN KPIs

Parameter Value Notes
Service type MediaStreaming End-to-end integrated SD-WAN and
CDN service.
Intent composition 1 Business/Service Intent -> 2 One Resource Intent for SD-WAN and
Resource Intents one for CDN.
Latency <50 ms End-to-end overlay tunnel latency

between the two SD-WAN edges.

Throughput >=5 Mbps Available or achieved overlay tunnel
throughput.
Jitter Optional Recommended for streaming, but not

mandatory in the minimum KPI set.

Transport technology SD-WAN overlay Overlay service between the two
selected SD-WAN edges.

CDN deployment 1 lightweight CDN per site Minimal CDN deployment in each
location.

Monitoring source /api/v1/monitoring/latency Used for transport assurance.

(latency)

Monitoring source /api/v1l/monitoring/throughput | Used for transport assurance.

(throughput)

Monitoring source (jitter) | /api/v1l/monitoring/jitter Optional monitoring source.
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At intent level, the integrated SD-WAN-CDN use case can therefore be represented by a single high-level
intent stating the media-streaming objective and KPI targets, followed by decomposition into two resource-
oriented artifacts. The SD-WAN Resource Intent encodes the transport parameters and performance
constraints, and the CDN Resource Intent encodes the minimal deployment configuration of the CDN
instances. The complete set of SD-WAN-CDN intent examples used in this work is provided in Appendix A.

5.3.2.2 JCS Ontology

Sensing refers to the capability of the system to perceive the surrounding environment and determine the
position of users, devices, or assets within a given service area. In the context of autonomous domains, these
capabilities are exposed as intent-driven services, allowing a tenant or application to request outcomes such
as high-precision tracking or one-shot positioning without explicitly specifying the underlying technical
procedures. In this work, sensing and localisation are modeled through TMF-compliant intent artifacts (Table
11) that capture the expected service behaviour, performance requirements, and contextual scope. The
complete set of sensing and localisation intents used in this work is provided in Appendix B.

Table11: Localisation Service Levels: medium demanding

Parameter Value Notes

Service type Localisation

Service level 2

Service area A [m2] Service area (2D but it could be a volume

- 3D - as well). If 2D, it could be modeled
as a rectangle/circle centered at xc,yc,zc,
and with a given height/width.

Precision 1m Affects how many ranging functions have
to be instantiated.

Confidence level 0.9

Periodicity 2/min Every how many minutes the user
position has to be returned.

Duration 5 min Time span during which the service will
be active.

Max latency 05s Max tolerable latency with which user
positions have to be returned.

Max user density 15 no. users/m?2 Max. number of wusers for which
localisation in the service area is needed.
The maximum localisation execution rate
(over all users in the area) in service
requests/s then results to be: Max-user-
density *A*Periodicity.

Shareability 1/0 Whether the service can be shared (1) or

not (0) with other services.

Table 12, Table 13 and Table 14 summarize the key performance indicators (KPIs) associated with these three
sensing use cases. The KPI sets capture the expected quality and operational constraints of each service
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variant, including localisation precision, confidence level, update periodicity, service duration, maximum
tolerable latency, user density constraints, and shareability policy.

Table12: Localization Service Levelsost demanding

Parameter Value Notes

Service type Localization

Service level 1

Service area A [m2] Service area (2D but it could be a volume - 3D -
as well). If 2D, it could be modeled as a
rectangle/circle centered at xc,yc,zc, and with a
given height/width.

Precision 0.5m Affects how many ranging functions have to be
instantiated.

Confidence level 0.9

Periodicity 3/min Every how many minutes the user position has
to be returned.

Duration 10 min Time span during which the service will be
active.

Max latency 0.2s Max tolerable latency with which user positions

have to be returned.

Max user density

10 no. users/m2

Max. number of users for which localisation in
the service area is needed. The maximum
localisation execution rate (over all users in the
area) in service requests/s then results to be:
Max-user-density *A*Periodicity.

Shareability 1/0 Whether the service can be shared (1) or not (0)
with other services.
Table13: LocalisationService Levelsnedium demanding

Parameter Value Notes

Service type Localization

Service level 2

Service area A [m2] Service area (2D but it could be a volume
- 3D - as well). If 2D, it could be modeled
as arectangle/circle centered at xc,yc,zc,
and with a given height/width.

Precision 1m Affects how many ranging functions have

to be instantiated.
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Confidence level 0.9

Periodicity 2/min Every how many minutes the user
position has to be returned.

Duration 5 min Time span during which the service will
be active.

Max latency 0.5s Max tolerable latency with which user

positions have to be returned.

Max user density

15 no. users/m?2

Max. number of users for which
localisation in the service area is needed.
The maximum localisation execution rate
(over all users in the area) in service
requests/s then results to be: Max-user-

density *A*Periodicity.

Shareability 1/0 Whether the service can be shared (1) or
not (0) with other services.

Table14: LocalisationService Levels least demanding

Parameter Value Notes

Service type Localization Service type.

Service level 3

Service area A [m2] Service area (2D but it could be a volume
- 3D - as well). If 2D, it could be modeled
as a rectangle/circle centered at xc,yc,zc,
and with a given height/width.

Precision 2m Affects how many ranging functions have
to be instantiated.

Confidence level 0.9

Periodicity 0 Only one measurement to be returned.

Duration 0 (once) Only one measurement to be returned.

Max latency 1s Max tolerable latency with which user

positions have to be returned.

Max user density

20 no. users/m2

Max. number of users for which
localisation in the service area is needed.

Shareability

Whether the service can be shared (1) or
not (0) with other services.
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5.3.2.3 CDN-Kubernetes Ontology

CDN-K8s KPIs, Table 15 define the minimum technical parameters required to deploy and expose the CDN
Hyper Text Transfer Protocol (HTTP) Live Streaming (HLS) proxy workload in a Kubernetes environment in
a way that is machine-readable and directly consumable by the pipeline. In this case, the KPI set describes
and captures the concrete deployment and runtime configuration needed by the infrastructure and
orchestration layers, including scaling (replicas), workload identity (app, image), service exposure
(containerPort, serviceNodePolf compute and memory requests/limits, and liveness/readiness probe
timings. These parameters are later encoded into the Business, Service, and especially Resource intents, so
that the DMO can generate a consistent TMF-compliant intent artifact and the NCF/API can extract and apply
the required values deterministically.

Table15: CDNK8s KPIs provided by ICOM

Parameter Value Notes
replicas 1 -
app hlsproxy -
image hlsproxy:latest -
containerPort 8091 -
cpu 100m -
memory 256Mi -
cpulimit 500m -
memorylimit 512Mi -
livenessInitialDelaySeconds 10 -
livenessPeriodSeconds 30 -
appld Auto-generated during intent generation | -

The CDN-K8s ontology captures the deployment-oriented requirements of a CDN-based video delivery
service instantiated over Kubernetes and managed through the 6G-INTENSE framework. The CDN-K8s case
focuses on workload and execution parameters that can be directly interpreted by orchestration and
infrastructure components. These include the application identity, container image, number of replicas,
exposed service ports, compute and memory requirements, and liveness/readiness probe settings. In this
way, the ontology provides a machine-readable representation of how a CDN application should be
described, translated into intents, and propagated toward the Network-Compute Fabric for deployment and
lifecycle handling. The complete set of CDN-K8s intents used in this work is provided in Appendix C.

5.3.3Tools used

The ontology work uses TMF-style RDF/TTL intent artifacts, domain-specific KPI tables, curated intent
templates, and structured catalogue records for service and resource descriptions. These semantic assets
provide the machine-readable inputs required by translation, validation, and wrapping stages. To represent
intents, the implementation relies on RDF/Turtle-based TMF intent models and ontology-aligned templates
for the Business, Service, and Resource layers. To parse and process these intents, RDF/TTL parsing libraries
and structured extraction utilities are used to recover targets, expectations, KPI bindings, and contextual
attributes. For validation, the implementation combines syntactic checks, semantic gating rules, and
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catalogue-based consistency verification to ensure that the generated intents remain structurally valid,
semantically meaningful, and aligned with the expected service and resource capability constraints.

5.4 APIs
5.4.1 Concept

The DMO exposes and consumes TMF921 Intent Management API interactions at the integration boundary.
Here, the API endpoints relevant to the implementation, the role of the DMO in preparing and sending
intents, and the way listener and event mechanisms support lifecycle visibility are explained. The
assumption is that the DMO internally generates TMF921 intents in Turtle (TTL) format and then wraps
them into TMF921-compliant JSON payloads before submission to the external intent-management
interface.

The implementation principle followed here is to keep the DMO’s internal intent pipeline independent from
transport concerns. Business, Service, and Resource intents are generated internally as TMF-style semantic
artifacts, enriched with runtime metadata, and only then adapted into the API payload defined by TMF921.
This keeps the semantic model stable while allowing standardised interoperability at the interface level.

From the DMO side, TMF921 is treated as the standardised external API contract used to exchange intents
with the partner backend or NCF-facing intent server. The DMO therefore performs three categories of
functions before invoking the API. First, it generates the final Resource Intent in TTL. Second, it injects
runtime-generated values required for lifecycle traceability, such as appld. Third, it wraps the final TTL
intent into a TMF921 Intent JSON object containing metadata, characteristic fields, and the expression
payload.

5.4.2Implementation

At the implementation level, the API layer is separated from the internal intent-generation modules. The
DMO first produces TMF-style semantic artifacts in TTL, enriches them with runtime metadata such as appld,
and then wraps the final intent into TMF921-compliant JSON payloads before invoking the external
endpoints. In this implementation, we used the APIs defined by the TMF Intent Management function as the
standardised external interface for intent exchange and lifecycle handling. These APIs provide the main
functions needed by the DMO to submit, retrieve, update, delete, and monitor intents in an interoperable
way. The following section discusses the APIs used in the DMO implementation, their function, and their role
in supporting interoperable transport, status tracking, and event-driven integration across the intent
lifecycle.

5.4.2.1 Core API Endpoints

The DMO supports the following externally exposed TMF921 endpoints (Table 16). On the DMO side, these
endpoints are accessed through a dedicated client or adapter layer, rather than from the internal intent-
generation modules directly.

Table16: Southbound API endpoints

Method Endpoint Purpose DMO-side behaviour
POST /intent Create and onboard a | Generate TTL Resource
new intent. Intent, inject appld,

wrap into TMF921
JSON, and submit the

request.
GET /intent/{id} Retrieve a previously | Use the returned intent
created intent. identifier to retrieve

stored intent state and
compare it with the
local DMO record.
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PATCH /intent/{id} Update an existing | Build a valid TMF921
intent. update payload when
the DMO needs to
modify an onboarded

intent.
DELETE /intent/{id} Delete an  existing | Issue deletion when an
intent. intent must be

withdrawn or retired.

GET /intent/{id}/intentReport | Retrieve fulfilment or | Use the report to track
status feedback. acceptance, fulfilment
status, and operational
feedback from the
external side.

i. POST /intent

This endpoint is used by the DMO during Day 0 onboarding. The DMO prepares the final Resource Intent in
TTL, injects the runtime-generated values required for lifecycle traceability to the and sends the resulting
TMF921 Intent object to the endpoint. This is the most important API call in the flow, because it registers the
semantic intent and its associated metadata in a standardised way.

ii. GET /intent/{id}

This endpoint is used after intent creation to retrieve the persisted representation of the intent from the
external system. It allows the DMO to reconcile local state with external state, verify that the intent has been
accepted and stored correctly, and recover details when asynchronous processing is used.

iii. PATCH /intent/{id}

This endpoint is used to update an existing intent. In the DMO implementation, it is useful when a request is
modified after initial creation, for example after negotiation, policy refinement, or a user-driven update. The
DMO should keep the original semantic traceability and modify only the fields that require change.

iv. DELETE /intent/{id}

This endpoint is used to remove an intent from the external system. It is relevant for cancellation, cleanup,
or retirement workflows. The DMO should maintain a mapping between local appld, local request identifiers,
and the returned TMF921 intent identifier so the correct external resource can be deleted.

v. GET /intent/{id}/intentReport

This endpoint provides fulfilment and status information associated with the created intent. The DMO should
use it to track acceptance, execution state, and outcome reports, and to update its local lifecycle view
accordingly.

5.4.2.2 TMF921 Payload Construction in the DMO

The DMO should implement a dedicated wrapper function that converts the final Resource Intent TTL into a
TMF921 ]SON payload. This wrapper belongs to the API boundary layer, not inside the
Business/Service/Resource intent generators. The wrapper receives the final TTL string and metadata such
as name, description, version, and appld. Each POCs and use case can define the format and parameters of
the TMF921 Json payload.

The recommended payload structure (Figure 15) contains at least the following fields: ‘name’, "description’,
‘version’, ‘characteristic’, ‘expression’, and “@type’. The “characteristic” field is used for API-level metadata
such as appld, while the ‘expression” field carries the full TTL semantic intent using a TurtleExpression
subtype. The following is a payload format used by the ICOM infrastructure for CDN/K8s case.
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"name”: "R1_CDN_HLSProxy_ Intent”,

"description”: "Resource intent for deploying and exposing the
workload™,

"version": "1.8",

"characteristic”: [

I
L

"name”: "appId",
"value”: "cdnk8s-app-20260319145114-c66b85c2”,
"valueType"”: "string",

"@type"”: "StringCharacteristic”
¥
]J‘
"expression”: {
"@type"”: "TurtleExpression”,
"expressionValue": "... full TTL Resource Intent ...

1
I

"@type”: "Intent™

Figure 15: Payload construction

5.4.2.3 DMO-Side Components Required

The DMO separates semantic intent generation from transport and lifecycle logic. The following functional
modules are implemented.
¢ Intent generation module: It produces Business, Service, and Resource intents in TTL.
¢ Runtime enrichment module: It generates appld or other runtime required parameters and injects
them into the final TTL Resource Intent.
e TMF921 wrapper module: It wraps the TTL content into the TMF921 Intent JSON structure.
e TMF921 client module: It performs POST, GET, PATCH, DELETE, and report retrieval over HTTP.
e Persistence/tracking module: It stores local request identifiers, appld, external TMF921 intent
identifiers, timestamps, and returned statuses.
e Ul integration module: It presents created intents, wrapped payloads, returned identifiers, and
status/report results.

5.4.2.4 Listener and Event API Endpoints

In addition to the CRUD-style endpoints, TMF921 implementations may expose hub and listener/event
endpoints for asynchronous notification. These endpoints are useful when the external system emits
lifecycle events without requiring the DMO to poll continuously.

A typical implementation includes a subscription endpoint such as ‘/hub’ and corresponding listener
callbacks for events such as intent creation, status change, deletion, or report generation. From the DMO
perspective, support for these endpoints is optional but recommended, especially when fulfillment or
provisioning is asynchronous (Table 17).

Table17: Listenerand callbacks evenfAPls

Endpoint type Purpose DMO-side use
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/hub

Create or manage event
subscriptions.

Register the DMO callback
Uniform Resource Locator
(URL) if asynchronous
notifications are supported.

IntentCreateEventListener

Notify when an intent is
created.

Optional confirmation of
creation when the flow is
asynchronous.

IntentStatusChangeEventListener

Notify when intent lifecycle
state changes.

Update local UI and state model
without polling.

IntentDeleteEventListener

Notify when an intent is
removed.

Reconcile deletion and clean
local mappings.

IntentReport listener

Notify when reports become
available.

Fetch or ingest
fulfillment/status changes
proactively.

If listener/event support is enabled, the DMO should expose a small callback handler or subscriber service

capable of receiving and validating these notifications. The received event should be matched back to the
internal record using the TMF921 intent identifier and, where useful, the appld carried in the characteristic

or in the intent expression.

5.4.3Tools Used

The API implementation uses TMF921-compliant JSON wrapping functions, HTTP client libraries for CRUD
and report operations, persistence modules for local-to-external identifier tracking, and optional
hub/listener callback handlers for asynchronous event processing. Together, these tools enable the DMO to
connect its internal TTL-based intent pipeline with standardized external intent-management interfaces.
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6 End-to-End Integration

The previous sections described the implementation of the main t-DMO and DMO components separately.
Section 4 presented the t-DMO functions, including the chatbot-based Intent handler, the TMF921/MCP
interaction, and the lifecycle-management workflow. Section 5 then focused on the DMO implementation,
including Service Intent processing, Resource Intent generation, lifecycle management, Closed Control Loop
support, ontology-based modelling, and the APIs exposed or consumed by the DMO.

This section brings these implementation elements together and explains how they are connected in the end-
to-end 6G-INTENSE architecture. Its purpose is not to introduce new standalone components, but to show
how the implemented functions interact across architectural boundaries. In particular, it explains how the
t-DMO, DMO, NCF, Federated Al functions, and LLMOps environment are connected through concrete
integration points and API exchanges.

The integration flow starts from the user-facing side, where a vertical service requirement is captured and
translated by the t-DMO. The resulting service-level intent is then passed to the DMO, where it is validated,
mapped to service and resource information, and translated into a Resource Intent. The Resource Intent is
then submitted towards the infrastructure-facing layer through the southbound API. During and after
execution, reports, lifecycle-state updates, and callback notifications are used to keep the DMO state aligned
with the NCF-side system and to support lifecycle management and closed-loop assurance.

For this reason, the figures included in this section serve as integration evidence rather than isolated API
examples. They illustrate representative request and response exchanges used to exercise the interaction
between the implemented DMO functions and external systems. The southbound API figures, for example,
show how Resource Intents are submitted, how lifecycle state is updated or retrieved, and how IntentReport
resources are exchanged. These examples clarify how the implementation described in Section 5 is exercised
through concrete TMF921-compatible operations.

6.1 Native Al Integration in the DMO

Within the end-to-end 6G-INTENSE architecture, Native Al integration in the DMO supports the transition
from service-level intent understanding to resource-facing intent execution. The DMO receives validated
service intents from the t-DMO, interprets them against the available service and resource information, and
prepares the corresponding resource intents for the NCF. In this process, Al-based functions are not treated
as standalone generators, but as part of the implemented intent-handling workflow, together with catalogue
verification, constraint extraction, ontology-based modelling, and post-generation validation.

The implemented flow follows the layered intent model adopted in 6G-INTENSE. Business or service
requirements are first captured at the t-DMO level and then refined at the DMO level into service and
resource information that can be consumed by the infrastructure-facing components. At this stage, the DMO
enriches the intent with parameters such as KPI and SLA constraints, placement requirements, QoS-related
properties, monitoring needs, and deployment-specific information. Native Al supports the generation and
refinement of these resource intents, while deterministic checks ensure that the resulting artefacts remain
aligned with the verified catalogue entries and the expected TMF921-compatible representation.

This integration also supports lifecycle management and closed-loop operation. After a resource intent is
prepared for execution, lifecycle-state updates, monitoring information, reports, and callback notifications
are used to keep the DMO aligned with the external execution environment. These signals provide the
operational context required to detect deviations from the intended service behaviour and trigger corrective
or remediation actions when needed. In this sense, Native Al integration in the DMO connects intent
interpretation, resource intent generation, validation, execution tracking, and assurance, while preserving
the 6G-INTENSE separation between service management and resource management APIs.

6.2 APIs

The main architectural endpoint APIs are presented next. These are the North, East/West and South bound
APIs.

6.2.1 Northbound APIs

The northbound API is based on the Chatbot as described in the t-DMO section.
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6.2.2 Southbound APIs

The southbound API is the main integration point between the DMO and the infrastructure-facing part of the
architecture, namely the NCF or the corresponding southbound adapter. In the implemented workflow, this
interface is used after the DMO Intent handler has translated a validated Service Intent into a Resource
Intent. The generated Resource Intent is then wrapped according to the TMF921 intent-management model
and submitted through the southbound interface so that it can be processed by the NCF-side system.

"name”: "R1 _resource_intent generated”,
"description™: "Wrapped TMF921 resource intent.",
"version": "1.8",
"characteristic": [
{
“name”: “appId”,
"value™: "cdnk8s-app-20260415-abcl123"™,
"wvalueType": "string",
"@type™: "StringCharacteristic”
¥
1,
"expression™: {
"@type": "TurtleExpression”,
"expressionValue™: "@prefix ... Resource Intent TTL
}J
"@type™: "Intent”

Figure 16: POST Request to create Intent

This subsection focuses on the DMO side of this integration. The previous sections described how the DMO
generates, validates, and manages Resource Intents internally. Here, the focus is on how these Resource
Intents leave the DMO, how they are submitted to the lower architectural layer, and how the DMO receives
back execution state, reports, and lifecycle updates.

The southbound interface follows a TMF921-based intent-management model. In this interaction, the DMO
acts as the TMF921 client, while the NCF or southbound adapter exposes the server-side intent-management
operations. Through this interface, the DMO can create a new intent, retrieve the state of an existing intent,
update lifecycle-related attributes, exchange IntentReport resources, and receive listener or callback
notifications. These operations form the basic integration contract between the DMO resource-intent
pipeline and the infrastructure execution layer.

The main southbound flow starts when the DMO creates the Resource Intent using the selected service
constraints, the resource catalogue information, and the output of the Native Al translation process. The
DMO then submits the wrapped Resource Intent through the POST /intent endpoint. The NCF or southbound
adapter processes the submitted intent and creates the corresponding execution context. After that, the DMO
can retrieve the intent state and the associated reports through GET operations, or receive asynchronous
updates through listener and callback mechanisms. Lifecycle changes, remediation actions, and deletion
requests are handled through the corresponding PATCH, POST, or DELETE operations.

The figures in this subsection provide concrete examples of these integration steps. Figure 16 shows the POST
request used by the DMO to create an intent through the southbound interface, while Figure 17 shows the
corresponding response. Figure 18 and Figure 19 show lifecycle-status update operations, which are used
when the DMO needs to synchronise its internal lifecycle state with the state maintained by the NCF-side
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system. Figure 20 shows intent retrieval, while Figure 21 and Figure 22 show how the DMO retrieves execution
or fulfilment reports. Figure 23 and Figure 24 show report creation, Figure 25 and Figure 26 show update and
deletion operations for report-related events.

These endpoints should not be read as isolated API examples. Together, they show how the DMO connects
intent translation, lifecycle management, and closed-loop assurance with the infrastructure-facing layer. The
DMO uses the southbound API to maintain traceability between the original Service Intent, the generated
Resource Intent, the TMF921 intent identifier returned by the NCF-facing system, and the reports or
notifications received during execution. This traceability is needed for later lifecycle operations, including
monitoring, remediation, replacement, retirement, and escalation.

The southbound API is also used by the Closed Control Loop functions described earlier in the deliverable.
When the CCL detects thata deployed service is degraded or no longer satisfies the expected KPI constraints,
the DMO can use the same southbound interface to retrieve the current intent state, inspect the latest
reports, update the active intent, create a replacement intent, or delete an obsolete one. In this way, the
southbound API supports both the initial deployment of Resource Intents and their runtime assurance.

Listener and callback support is important because it reduces the need for continuous polling and helps keep
the DMO state aligned with the execution state maintained by the NCF-side system. When listener or event
support is enabled, intent creation events, lifecycle-status changes, deletion events, and report-availability
notifications can be pushed back to the DMO. The DMO can then match these events with its internal records
using the TMF921 intent identifier and, where available, the application or service identifier included in the
intent characteristics. This allows the DMO to update its local state, refresh the user-facing status, and trigger
CCL evaluation when new operational information becomes available.

Overall, the southbound API is the practical enforcement interface of the DMO. It takes the Resource Intents
generated by the DMO, submits them as TMF921-compliant requests toward the NCF-facing layer, and
provides the feedback path needed for lifecycle management, reporting, and closed-loop assurance. For this
reason, it is a central part of the end-to-end integration of the DMO within the 6G-INTENSE architecture.

The following figures are representative request/response examples from the implemented southbound
API. They are included to show that the DMO-to-NCF integration is not only specified at interface level, but
also exercised through concrete TMF921-compatible operations. Each request/response pair demonstrates
one part of the southbound lifecycle: Resource Intent submission, lifecycle-state synchronisation, report
retrieval, and report/event management.

Figure 16 and Figure 17 demonstrate the first southbound integration step. The DMO submits the generated
Resource Intent through the TMF921 create-intent operation and receives the created intent representation
from the NCF-facing backend. The response provides the identifier and lifecycle state later used by the DMO
for tracking, reporting, and closed-loop operations.

i. POST /intent

Create and store a TMF921 intent. This is the main southbound submission endpoint used by the DMO to
post the wrapped Resource Intent.
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"id": “intent-uuid”,

"href": “/intent/intent-uuid”,

“name": "R1 resource_intent generated",
"description™: "Wrapped TMF921 resource intent.”,
"version™: "l1.@",

“"characteristic"”: [

J
L

“name”: “appld”,
"value™: "cdnk8s-app-20260415-abc123”,
“valueType™: "string”,
"@type"”: "StringCharacteristic"
}
1,
"expression™: {
"@type": "TurtleExpression”,
"expressionValue”: "@prefix ... Resource Intent
s
"@type™: "Intent",
"creationDate™: "2026-04-15T10:00:00",
"lastUpdate™: "2026-04-15T10:00:080",
"lifecycleStatus": "created"

Figure 17: Responsef the created Intent

ii. PATCH /intent/{intentld}

Partially update an existing intent, usually for lifecycle or metadata changes. In practice, this endpoint
supports incremental state transitions or post-creation updates without re-submitting the entire intent
object.

Figure 18, Figure 19 and Figure 20 show lifecycle-state synchronisation between the DMO and the southbound
backend. The PATCH operation updates lifecycle-related attributes, while the GET operation retrieves the
latest stored representation of the intent. These operations allow the DMO to reconcile its internal state with
the execution state maintained by the NCF-side system.

Parameter: intentld: TMF921 intent identifier

"lifecycleStatus™: "inProgress”

Figure 18: Part of the requestto PATCH lifecycle status

"id": "intent-uuid”,
"href": "/intent/intent-uuid",
"lifecycleStatus™: "inProgress”,

"lastUpdate™: "2026-04-15T10:05:80",
"@type”: "Intent”

Figure 19: Part of the responsef thelifecycle statusPATCH
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iii. =~ DELETE /intent/{intentld}

Delete an intent and its linked reports. This operation is used for explicit retirement or cleanup of a managed
southbound intent when it is no longer needed.

Parameter: intentld: TMF921 intent identifier
Response: 204 No Content

iv.  GET /intent/{intentld}

Retrieve one stored intent together with its latest lifecycle state. This endpoint is typically used by the DMO
to reconcile its local state with the state persisted by the southbound backend (Figure 20).

Parameter: intentld : TMF intentid

"id": "intent-uuid”,
"href": "fintent/intent-uuid"”,
"name”: "R1_resource_intent generated”,
"description”: "Wrapped TMF921 resource intent.”,
"version": "1.@",
"characteristic": [
{
"name™: "appId”,
"value™: "cdnk8s-app-20260415-abcl123™,
"valueType™: "string",
"@type™: "StringCharacteristic”
¥
]J
"expression”: {
"@type”: "TurtleExpression”,
"expressionValue™: "@prefix ... Resource Intent
}J
"@type”: "Intent",
"creationDate™: "2826-04-15T10:00:00",
"lastUpdate™: "2026-04-15T10:80:00",
"lifecycleStatus™: "accepted”

Figure 20: Responsef the Intent GET

GET /intent/{intentld}/intentReport

Retrieve all stored reports associated with a specific intent. This is the primary endpoint used by the DMO
to inspect execution progress and outcome information after the NCF has reported back.

Figure 21 and Figure 22 illustrate the report retrieval path. The DMO uses these operations to collect
execution evidence, inspect fulfilment status, and feed lifecycle-management and assurance logic with
updated southbound information.

©6G-INTENSE Page | 50




D3.4 Final Report on DMO Implementation and Native Al Integration

"id": "report-uuid",

"href": "/intent/intent-uuid/intentReport/report-uuid”,
"name” : "report-accepted-1",

"description”: "Intent accepted for processing”,
"status": "accepted”,

"creationDate”: "2026-04-15T10:06:007",

"intent": {
"id": "intent-uuid",
"href": "/intent/intent-uuid”,
"@type": "IntentRef"

¥s

"@type": "IntentReport”

Figure 21: Responsef report retrieval request
Parameter: intentld: TMF921 intent identifier

v.  GET /intent/{intentld}/intentReport/{reportld}

Retrieve one specific report for a given intent. This endpoint is used when the DMO needs detailed inspection
of a particular status or fulfilment report.

Parameters: intentld: TMF921 intent identifier; reportld: TMF921 report identifier

"id": "report-uuid”,

"href™: "/intent/intent-uwuid/intentReport/report-uuid”,
"name"™: "report-accepted-1",

"description™: “Intent accepted for processing”,
"status": "accepted”,

"creationDate”: "2026-94-15T1@:06:007",

"intent”: {
"id": "intent-uuid",
"href”: "/intent/intent-uuid”,
"@type": "IntentRef"

¥s
"@type”: "IntentReport”

Figure 22: Respons@ayloadof retrieved report

vi. DELETE /intent/{intentld}/intentReport/{reportid}
Delete one stored report associated with an intent.

Parameters: intentld: TMF921 intent identifier; reportld: TMF921 report identifier
Response: 204 No Content

vii. POST /listener/intentReportCreateEvent
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Inbound listener endpoint used by the NCF or a southbound adapter to notify the DMO-facing backend that
a new report was created. The backend stores the report and updates the parent intent lifecycle state
accordingly.

Figure 23, Figure 24, Figure 25 and Figure 26, provide examples of report-management operations. They show
how report events can be created, updated, or deleted when the southbound backend needs to expose
execution-related information to the DMO. These operations complement report retrieval by supporting the
full lifecycle of report resources.

{

"event™: {
"intentReport™: {
"name"”: "report-accepted-1",
"description”: "Intent accepted for processing”,
"status": "accepted”,
"creationDate™: "2026-04-15T10:06:007",
"intent™: {
"id": “intent-uuid®
}J

"@type”: "IntentReport™

Figure 23: Requesto create Intent report endpoint

"id"™: "report-uuid”,

"href”: "/intent/intent-uuid/intentReport/report-uuid”,
"name”: "report-accepted-1-,

"description”™: “Intent accepted for processing”,
"status™: "accepted”,

"creationDate™: "2026-04-15T10:06:007",

"intent": {
"id": "intent-uuid”,
“href": "/intent/intent-uuid”,
"@type": "IntentRef"

}s
"@type”: "IntentReport™

Figure 24: Responsef the Intent report creation endpoint

viii. = POST /listener/intentReportAttributeValueChangeEvent
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"id": "report-uuid”,

"hreft": "/intent/intent-uuid/intentReport/report-uuid™,
"name”: "report-accepted-1",

"description”: "Intent processing is now in progress”,
"status™: "inProgress",

"creationDate™: "2026-04-15T10:06:007",

"intent™: {

"id": "intent-uuid”,
"href”: "fintent/intent-uuid”,
"@type": "IntentRef™

¥s
"@type”: "IntentReport™

Figure 25: Requesto change report event attributes

Inbound listener endpoint used by the NCF or southbound adapter to update an existing report. The related
intent lifecycle status is also updated by the backend when new report values are received (Figure 25).

ix. POST /listener/intentReportDeleteEvent

Inbound listener endpoint used by the NCF or adapter to notify the backend that an existing report should
be removed (Figure 26).

{
"event": {
"intentReport": {
"id": "report-uuid”,
"intent™: {
"id": "intent-uuid®

Figure 26: Requesto delete report event

Response: 204 No Content

6.3 LLMOps

The 6G-INTENSE architecture incorporates a Native Al Toolkit as a fundamental capability of the Distributed,
Intent-driven Management and Orchestration (DIMO) framework. This vision introduces significant
operational challenges, as multiple Al models and LLMs are expected to be developed, trained, deployed and
continuously updated across highly distributed and heterogeneous environments spanning Cloud, Edge, and
Deep Edge infrastructures. Moreover, Al-driven functions supporting intent reasoning, translation,
negotiation, decision automation and conflict resolution require consistent model governance,
reproducibility, traceability and lifecycle management to ensure reliability and trustworthiness. Without
dedicated operational mechanisms, the management of multiple model versions, training artifacts, datasets,
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experiments and deployment pipelines becomes increasingly complex, potentially affecting the scalability
and maintainability of the overall Al ecosystem.

In response to the above-mentioned challenges and in alignment with the project’s intent-driven Al
architecture, a Machine Learning Operations (MLOps)/LLMPOps framework has been established to support
the development and operationalization of Al models within the Native Al Toolkit, providing LCM
capabilities for LLMs used across the 6G-INTENSE platform (Figure 27). Essentially, the LLM Operations
(LLMOps) framework provides the operational infrastructure for managing the lifecycle of ML models and
LLMs integrated within the Native Al Toolkit, supporting experiment tracking, model versioning and
deployment, artifact storage, monitoring as well as reproducible ML pipelines and workflow orchestration
across heterogeneous infrastructures (Cloud, Edge, Deep Edge). The objective of the framework is to
facilitate reliable experimentation, model management and deployment processes for LLMs developed
within the Native Al Toolkit ecosystem.

The need for an LLMOps framework becomes even more prominent within the DIMO architecture as
intelligence is distributed across multiple orchestration layers, including t-DMO, DMO and NCF. These
entities rely on Al-driven capabilities to support intent management, knowledge synthesis, decision-making
and conflict resolution processes. As a result, a large number of Al models and LLMs may be deployed across
different orchestration domains and infrastructure tiers. To support this distributed Al ecosystem, the
LLMOps framework provides the foundation required for the lifecycle management of the ML models
utilized by t-DMO/DMO/NCF. Through standardized experiment tracking, model registry, version control,
deployment automation, monitoring and reproducible ML pipelines, the framework enables the DIMO
architecture to offer ML capabilities towards natural language service requests’ translation to infrastructure-
level configurations. Consequently, the LLMOps framework acts as a key enabler for the scalable and
trustworthy operation of Al-native management and orchestration functions within 6G-INTENSE.

To this end, the relevant LLMOps environment has been established to support LLMs LCM within the Native
Al Toolkit. The environment integrates ML experimentation tracking, workflow orchestration and artifact
storage capabilities using Machine-learning lifecycle platform (MLflow2) as an experiment tracker and core
platform for managing the lifecycle of LLMs, MinlO3 asthe artifactstorage and Kubeflow4 as a
pipeline/workflow orchestrator. The LLMOps framework exposes HTTP/REST interfaces to interact with
the Native Al toolkit, in particular through the MLflow, which serves as the entry point to the LLMOps
processes (e.g. initiate experiment). The relevant interfaces are shown in Table 18.

HTTF/REST APls

Native Al MLOps/
Toolkit LLMOps

Figure27: LLMOps framework in support of Native Al toolkit

2 https://mliflow.org/
3 https://www.min.io/
4 https://www.kubeflow.org/
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Table18: MLflow APIls agn entry point to LLMOps processes

HTTP Method Endpoint Request structure Description
name (STRING)
POST 2.0/mlflow/experiments/create aG;tlfact_locatlon(STRIN Create experiment.
tags (Array)
max_results (INT64)
page_tokens (STRING)
POST 2.0/mlflow/experiments/search filter (STRING) Searcl'l
experiments.
order_by (Array of
STRING)
view_type (ViewType)
) experiment_id .
POST 2.0/mlflow/experiments/get (STRING) Get experiment.
POST 2.0/mlflow/experiments/delete experiment_id (STRING) | Delete experiment.
. experiment_id Restore
POST 2.0/mlflow/experiments/restore (STRING) experiment.,
experiment_id (STRING) | Update experiment.
POST 2.0/mlflow/experiments/update
new_name (STRING)
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7 Conclusion

This deliverable presented the final implementation status of the 6G-INTENSE Domain Management and
Orchestration (DMO) and its integration with the Native Al toolkit. The work reported in this document
consolidates the architectural directions introduced in previous WP2 and WP3 deliverables and shows how
the t-DMO and DMO concepts have been translated into concrete implementation components supporting
intent-driven and zero-touch service management.

The deliverable first revisited the conceptual foundations of IDM, zero-touch automation, and the DIMO
framework, establishing the role of the t-DMO, DMO, NCF, and Native Al toolkit within the overall 6G-
INTENSE architecture. It then described the implementation of the t-DMO, including the chatbot-based
Intent handler, TMF921-compliant business intent generation, MCP-based interaction with the TMF921
server, and lifecycle management through CCL workflows.

The main technical contribution of the deliverable concerns the DMO implementation. The reported work
describes the DMO Intent handler pipeline, including service intent processing, resource intent translation,
catalogue verification, validation, lifecycle tracking, workflow orchestration, and northbound reporting. The
implementation separates deterministic validation and catalogue-based decisions from LLM-based intent
synthesis, reducing the risk of unsupported or invalid resource intent generation while keeping the system
flexible across different domains and use cases.

The deliverable also reported the integration of lifecycle management and Closed Control Loop functionality,
showing how deployed intents can be monitored, managed, and adapted through workflow-based control
processes. In addition, the ontology-related work for SD-WAN, JCS, and CDN-Kubernetes provides the
semantic foundation required to express domain-specific requirements, KPIs, and resource constraints in a
consistent way. The API descriptions further clarify how the DMO exposes and consumes the interfaces
required for interaction with the t-DMO, NCF, federated edge intelligence components, and LLMOps
processes.

Overall, the work presented in this deliverable demonstrates that the DMO and Native Al toolkit have
progressed from architectural specification to implemented functional building blocks. The integration of
TMF921-based intent exchange, LLM-supported intent translation, catalogue-driven validation, workflow
orchestration, monitoring, and closed-loop assurance provides a concrete basis for end-to-end intent-driven
automation within the 6G-INTENSE framework.

The resulting implementation is ready to support the next project phases, including cross-component
validation, refinement of partner interfaces, and integration within the project proof-of-concept and large-
scale validation activities. Future work will focus on strengthening end-to-end testing, validating the
implemented workflows under realistic scenarios, and further aligning the DMO, t-DMO, NCF, federated Al,
and LLMOps components into a coherent operational framework for intent-driven 6G service management.
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Appendix A: SDWAN TMF Intents

"@context":

"xsd": "http:

’
"@id": "biz:ContentDeliveryBusinessIntent_Edgel_Edge2_001",
"@type": "icm:Intent",
"icm: context":
"icm:tenantId":
’
"icm:description": "Provide content delivery service between Edgel and Edge2 using SD-WAN transport and two CDN clusters, one at each edge.",
"icm:intentExpectations":
{
"@id": "biz:ExpectServiceDeliver
"@type": "icm:DeliveryExpectation",
"icm:parameters": [

"icm:name": "servicelLocations",
"icm:value": [
"biz:Edgel",

"biz:Edge2"

iname": "transportService",
tvalue": "biz:SDWANTransport"

:name": "cdnClusters"
:value": [
CDNClusterE

Figure 28 Business Intent
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"@context": {

"ex": "http://example.com/intent#",
"icm": "https://www.tmforum.org/ontologies/tr290#",
"sdwan": "http://example.com/sdwan#",

"svc": "http://example.com/service#",

“"xsd": "http://www.w3.0rg/2001/XMLSchema#"

}r
"@id": "svc:SDWANServiceIntent_EDGE1_EDGE2",
"@type": "icm:Intent",
“icm:context": {
"icm:tenantId": "1“
o
"icm:description": "Provide SD-WAN connectivity service between EDGE1 and EDGE2 with SLA guarantees",
"icm:intentExpectations": [
{
"@id": "ex:ExpectOverlayDelivery",
"@type": "icm:DeliveryExpectation",
"icm:parameters":
{
"icm:name": "edges",
"icm:value": [

"icm:device": "sdwan:EDGE1",
"icm:interface": "sdwan:EDGE1_LANG"

r

"icm:device": "sdwan:EDGE2",
"icm:interface": "sdwan:EDGE2_LANO"

Figure 29 Service SDWAN Intent
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"@context": {
“ecdn": "http://example.com/cdn#",
"https://www.tmforum.org/ontologies/tr290#",

"http://example.com/service#",

"xsd": "http://www.w3.0rg/2001/XMLSchema#"
8
"@id": "svc:CDNServiceIntent_Edgel_Edge2",
"@type": "icm:Intent",
"icm:context": {

"icm:tenantId": "1"
br
“"icm:description": "Provide one CDN edge cache service at Edgel and one CDN edge cache service at Edge2",
"icm:intentExpectations": [

{

"@id": "cdn:ExpectCDNDelivery",
"@type": "icm:DeliveryExpectation",
"icm:parameters":
{
"icm:name": "clusters",
"icm:value": [

"cdn:deploymentName": "cdn-edgel",
"cdn:limits": {

"cpu": 500,

"memory": 1024
3
"cdn: location": "Edgel",
cdn:namespace": "cdn-edgel",
"cdn:nodePort": 30091,
"cdn:replicas": 1,
cdn:requests": {
"cpu": 250,
"memory": 512

h

Figure 30 Service CDN Intent
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Appendix B: JCS TMF Intents

Pprefix : <http://tio.models.tmforum.org/tio/v3.6.08/IntentCommonModel/>
@prefix log: <http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/>
@prefix set: <http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
@prefix : <http://www.w3.0rg/2001/XMLSchema#> .

@prefix ex: <http://www.example.org/IntentNamespace#> .

# Business Intent — JCAS client service information
# Encodes service_level_id 1 from client_service_info.json.

ex:B1_JCAS_Localization_L1_BusinessIntent
a icm:Intent ;
ex:layer "business"AAxsd:string ;
icm:description "JCAS business intent for Localization service_level_id 1
according to client_service_info.json."AAxsd:string ;
log:allOf ex:B1E1_delivery, ex:B1E2_client_info
ex:B1E3_required_applications, ex:BlE4_service_level

ex:B1T1_LocalizationBusinessCapability

a icm:Target ;
icm:chooseFrom [ set:resourcesOfType ex:lLocalizationBusinessCapability ] ;
icm:targetName "JCAS-Localization-L1-BusinessCapability"AAxsd:string .

ex:B1E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:BiT1_LocalizationBusinessCapability .

ex:B1E2_client_info
a icm:PropertyExpectation ;
icm:target ex:B1T1_LocalizationBusinessCapability ;
log:allof
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id
], "VERTICAL_@@1"AAxsd:string 1,
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp
1, "YYYY-MM-DDTHH:MM:SSZ"AAxsd:string 1,
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight ], "@.5"AAxsd:decimal ]

©6G-INTENSE

1 bprefix icm: <http://tio.models.tmforum.org/tio/v3.6.08/IntentCommonModel/> .
@Eprefix : <http://tio.models.tmforum.org/tio/v3.6.0/LogicalOperators/> .

@Eprefix : <http://tio.models.tmforum.org/tio/v3.6.0/SetOperators/>
@prefix : <http://www.w3.0rg/2001/XMLSchema#>
@Eprefix :  <http://www.example.org/IntentNamespace#>

# Business Intent - JCAS client service information
# Encodes service_level_id 2 from client_service_info.json.

ex:B2_JCAS_Localization_L2_BusinessIntent
a icm:Intent ;
ex:layer "business"*Axsd:string ;
icm:description "JCAS business intent for Localization service_level_id
according to client_service_info.json."AAxsd:string ;
log:allOf ex:B2E1_delivery, ex:B2E2_client_info
ex:B2E3_required_applications, ex:B2E4_service_level .

ex:B2T1_LocalizationBusinessCapability
a icm:Target ;
icm:chooseFrom [ set:resourcesOfType e ocalizationBusinessCapability ]
icm:targetName "JCAS-Localization-L2-BusinessCapability"AAxsd:string .

ex:B2E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:B2T1_LocalizationBusinessCapability .

ex:B2E2_client_info

a icm:PropertyExpectation ;

icm:target ex:B2T1_LocalizationBusinessCapability ;

log:allof

[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:verti

], "VERTICAL_@@1"AAxsd:string 1,
log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:times
1, "YYYY-MM-DDTHH:MM:SSZ"AAxs tring ]
log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight ], "@.5"AAxsd:decimal ]

Figure31B1, B2, B3 Business Intents

1 Qprefix : <http://tio.models.tmforum.org/tio/v3.6.8/IntentCommonModel/> .
@Eprefix : <http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/>
@prefix : <http://tio.models.tmforum.org/tio/v3.6.0/SetOperators/> .
@prefix : <http://www.w3.0rg/2001/XMLSchema#> .

@prefix ex: <http://www.example.org/IntentNamespace#> .

# Business Intent — JCAS client service information
# Encodes service_level_id 3 from client_service_info.json.

ex:B3_JCAS_Localization_L3_BusinessIntent
a icm:Intent ;
ex:layer "business"AAxsd:string ;
2 icm:description "JCAS business intent for Localization service_level_id 3
according to client_service_info.json."AAxsd:string ;
log:allOf ex:B3E1_delivery, ex:B3E2_client_info,
ex:B3E3_required_applications, ex:B3E4_service_level .

ex:B3T1_LocalizationBusinessCapability
a icm:Target ;
H icm:chooseFrom [ set:resourcesOfType ex:lLocalizationBusinessCapability ] ;
icm:targetName "JCAS-Localization-L3-BusinessCapability"AAxsd:string .

ex:B3E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:B3T1_LocalizationBusinessCapability .

ex:B3E2_client_info
a icm:PropertyExpectation ;
icm:target ex:B3T1_LocalizationBusinessCapability ;
log:allof
cal_id [ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id
], "VERTICAL_@@1"AAxsd:string 1,
tamp [ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp
1, "YYYY-MM-DDTHH:MM:SSZ"AAxsd:string 1,
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight ], "@.5"AAxsd:decimal ]
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1 Rprefix
@prefix
@prefix
@Eprefix
@prefix ex:

<http://tic.models.tmforum.org/tio/v3.6.8/IntentCommonModel/>

<http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
: <http://www.w3.org/2001/XMLSchema#> .
<http://www.example.org/IntentNamespace#> .

# Service Intent — JCAS client service information
# Encodes service_level_id 1 from client_service_info.json.

ex:S1_JCAS_Localization_L1_ServiceIntent
a iem:Intent ;
ayer "service"AAxsd:string ;
icm:description "JCAS service intent for Localization service_level_id 1
according to client_service_info.json."Arxsd:string ;
log:allOof ex:S1E1_delivery, ex:S1E2_client_info
ex:S1E3_required_applications, ex:S1E4_service_level .

ex:51T1_LocalizationServiceOffer

a icm:Target ;
icm:chooseFrom [ set:resourcesOfType ex:ServiceOffer 1 ;
icm:targetName "JCAS-Localization-L1-ServiceOffer"AAxsd:string .

ex:S1E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:S1T1_LocalizationServiceOffer .

ex:S1E2_client_info
a icm:PropertyExpectation ;
arget ex:S1T1_LocalizationServiceOffer ;

Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id

], "VERTICAL_@@1"**xsd:string ],

Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp

"YYYY-MM-DDTHH:MM: SSZ" **xsd:string ],
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight 1, "@.5"*Axsd:decimal ] .

©6G-INTENSE

: <http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/> .

1

Bprefix
@prefix
Gprefix set:
@prefix
@prefix ex:

B .models.tmforum.org/tio/v3.6.8/IntentCommonModel/>
<http://tio.models.tmforum.org/tio/v3.6.08/LogicalOperators/> .
<http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/>
<http://www.w3.0rg/2001/XMLSchema#> .
<http://www.example.org/IntentNamespace#> .

# Service Intent - JCAS client service information
# Encodes service_level_id 2 from client_service_info.json.

ex:52_JCAS_Localization_L2_ServicelIntent
a icm:Intent ;
ex:layer "service"A*xsd:string ;
icm:description "JCAS service intent for Localization service_level_id 2
according to client_service_info.json."*Axsd:string ;
log:allOf ex:S2E1_delivery, ex:S2E2_client_info
ex:S2E3_required_applications, ex:S2E4_service_level .

ex:52T1_LocalizationServiceOffer
a icm:Target ;
icm:chooseFrom [ set:resourcesOfType ex:ServiceOffer ] ;
icm:targetName "JCAS-Localization-L2-ServiceOffer"A*xsd:string .

ex:S2E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:52T1_LocalizationServiceOffer .

ex:S2E2_client_info
a icm:PropertyExpectation ;
icm:target ex:52T1_LocalizationServiceOffer ;
log:allof
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id
VERTICAL_B@1"*+xsd:string 1,
[ a log:Condition ; log:equals [ icm:valuesOfTargetProp
1, "YYYY-MM-DDTHH:MM:SSZ"~"xsd:string ],
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight ], "0.5"Arxsd:decimal ] .

es ex:timestamp

Figure32 S1, S2, S3 Service Intents

Pprefix icm: <http://tio.models.tmforum.org/tio/v3.6.8/IntentCommonModel/> .

@prefix log: <http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/> .

Pprefix set: <http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
refix xsd: <http://www.w3.org/2001/XMLSchema#>

Pprefix ex: <http://www.example.org/IntentNamespace#>

# Service Intent - JCAS client service information
# Encodes service_level_id 3 from client_service_info.json.

ex:53_JCAS_Localization_L3_ServiceIntent
a icm:Intent ;
ex:layer "service"A*xsd:string ;
icm:description "JCAS service intent for Localization service_level_id 3
according to client_service_info.json."AAxsd:string ;
log:allOf ex:S3E1_delivery, ex:S3E2_client_info
ex:S3E3_required_applications, ex:S3E4_service_level .

ex:53T1_LocalizationServiceOffer
a icm:Target ;
icm:chooseFrom [ set:resourcesOfType ex:ServiceOffer ] ;
icm:targetName "JCAS-Localization-L3-ServiceOffer"AAxsd:string .

ex:S3E1_delivery
a icm:DeliveryExpectation ;
icm:target ex:S3T1_LocalizationServiceOffer .

ex:S3E2_client_info
a icm:PropertyExpectation ;
icm:target ex:S3T1_LocalizationServiceOffer ;
log:allof
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id
1, "VERTICAL_B@1"*Axsd:string 1,
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp
1, "YYYY-MM-DDTHH:MM:SSZ"**xsd
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight 1, "@.5"AAxsd:decimal ] .
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<http://tio.models.tmforum.org/tio/v3.6.8/IntentCommonModel/>
<http://tio.models.tmforum.org/tio/v3.6.6/LogicalOperators/> .
<http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
<http://www.w3.0rg/2001 LSchema#>
<http://www.example.org/IntentNamespace#>
<urn:ég-intense:ncf:ext#> .

<http://t10.models.tmforum.org/tio/v3.6.8/IntentCommonModel /> .
<http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/> .
<http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
<http://www.w3.0rg/2001/XMLSchema#> .
<http://www.example.org/IntentNamespace#> .
<urn:ég-intense:ncfiextés .

Bprefix
@prefix
@prefix

<http://tio.models.tmforum.org/tio/v3.6.08/IntentCommonModel/> .
<http://tio.models.tmforum.org/tio/v3.6.8/LogicalOperators/> .
<http://tio.models.tmforum.org/tio/v3.6.8/SetOperators/> .
@prefix <http://www.w3.0rg/2001/XMLSchema#>

@prefix <http://www.example.org/IntentNamespace#>

@prefix <ur

refix
@prefix
g-intense:ncf:ext#> . refix Gprefix
# Resource Intent - JCAS client service information

# Encodes service_level_id 3 from client_service_info.json.

# Resource Intent - JCAS client service information
# Encodes service_level_id 2 from client_service_info.json.

# Resource Intent - JCAS client service information
# Encodes service_level_id 1 from client_service_info.json.

ex:R3_JCAS_Localization_L3_Resourcelntent
a icm:Intent ;
ex:layer "resource"*Axsd:string ;
icm:description "JCAS resource intent for Localization service_level_id 3
according to client_service_info.json."AAxsd:string ;
log:allOf ex:R3E1_delivery, ex:R3E2_client_info
ex:R3E3_required_applications, ex:R3E4_service_level .

ex:R2_JCAS_Localization_L2_Resourcelntent
a icm:Intent ;
ex:layer "resource"**xsd:string ;
icm:description "JCAS resource intent for Localization service_level_id 2
according to client_service_info.json."Arxsd:string ;
log:all0f ex:R2E1_delivery, ex:R2E2_client_info
ex:R2E3_required_applications, ex:R2E4_service_level .

ex:R1_JCAS_Localization_L1_ResourcelIntent
a icmiIntent ;
ex:layer "resource"Arxsd:string ;
icm:description "JCAS resource intent for Localization service_level_id 1
according to client_service_info.json."AAxsd:string ;
log:all0of ex:R1E1_delivery, ex:R1EZ2_client_info
ex:R1E3_required_applications, ex:R1E4_service_level .

ex:R3T1_PositioningPlatform
a icm:Target ;
icm:chooseFrom [ set:resourcesOfType ncf:PositioningPlatform ] ;
icm:targetName "JCAS-Localization-L3-PositioningPlatform"A*xsd:string .

ex:R1T1_PesitioningPlatform

ex:R2T1_PositioningPlatform
a iem:Target ;
icm:chooseFrom [ set:resourcesOfType ncf:PositioningPlatform ] ;
icm:targetName "JCAS-Localization-L2-PositioningPlatform"~*xsd:string .

a icm:Target ;
iem:chooseFrom [ set:resourcesOfType ncf:PositioningPlatform ] ;
icm:targetName "JCAS-Localization-L1-PositioningPlatform"xsd:string .

ex:R3E1_delivery
a icm:DeliveryExpectation ;

ex:R2E1_delivery
DeliveryExpectation ;

ex:R1E1_delivery

a ici eliveryExpectation ; a ic

icm:target ex:R1T1_PositioningPlatform .

ex:R1E2_client_info

icm:target ex:R2T1_PositioningPlatform .

ex:R2E2_client_info
a icm:PropertyExpectation ;

icm:target ex:R3T1_PositioningPlatform

ex:R3E2_client_info

a icm:PropertyExpectation ;

a icm:PropertyExpectation ;
icm:target ex:R1T1_PositioningPlatform ;
log:allof
[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id
], "VERTICAL_@@1"A*xsd:string ], 15

icm:target ex:R3T1_PositioningPlatform ;

log:allof

[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id [ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:vertical_id

"VERTICAL_@@1"**xsd:string 1], 1, "VERTICAL_@@l"*~xsd:string ],

[ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp [ a log:Condition ; log:equals [ icm:valuesOfTargetProperties ex:timestamp [ a log:Condition ; log:equals [ icm:valuesDfTargetProperties ex:timestamp
1, "YYYY-MM-DDTHH:MM:SSZ"A*xsd:string ], 1. "YYYY-MM-DDTHH:MM:SSZ"AAxsd:string ], 1, "YYYY-MM-DDTHH:MM:SSZ"A*xsd:string ],

[ a log:Condition ; log:equals [ ic aluesOfTargetProperties [ a log:Condition ; log:equals [ ici aluesOfTargetProperties [ a log:Condition ; log:equals [ icm:valuesOfTargetProperties
ex:quality_vs_deployment_cost_weight 1, "8.5"Arxsd:decimal ] . ex:quality_vs_deployment_cost_weight 1, "@.5"AAxsd:decimal ] . ex:quality_vs_deployment_cost_weight 1, "@.5"Arxsd:decimal 1]

icm:target ex:R2T1_PositioningPlatform ;
log:allOf

Figure33R1, R2, R3 Resource Intents
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Appendix C: CDN-K8s TMF Intents

a) Business Intent: CDN-K8s HLS Proxy b) Service Intent: CDN-K&8s HLS Proxy (c) Resource Intent: CDN-KBs HLS Proxy

Figure 34 CDNK8s TMF Intents
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