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CGEINTENSEL

Glossary of terms and abbreviations used

Abbreviation / Term Description

ACT Actuator

AD Autonomous Domains

AE Analytics Engine

Al Artificial Intelligence

AICP Al-driven multi-stakeholder inter-domain control plane
AlOps Al Operations

AITN Al for Telecom Networks

AN Autonomous Network

API Application Programmable Interface
B2B Business-to-Business

B2C Business-to-Consumer

CIC Cloud-Integrated Communication
fs|CDN Intercom's Full-Service Content Delivery Network
CL Closed-Loop

CPS Cyber-Physical Systems

CSC Communication Service Consumer
CSP Communication Service Provider

DE Decision Engine

DIMO Distributed Intent-Driven Management and Orchestration
FR Functional Requirement

HRL Hierarchical Reinforcement Learning
IoT Internet of Things

IBN Intent-Based Networking

IDM Intent-driven Management

JCAS Joint Communication and Sensing
KPI Key Performance Indicator

LLM Large Language Model

LMO Local Managers and Orchestrator
MDP Multi-domain data plane

MVNO Mobile Virtual Network Operator
MNO Mobile Network Operator

MnS Management System

MR Machine Reasoning

NCF Network Compute Fabric
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NFR Non-Functional Requirement

NFVI Network Function Virtualization Infrastructure
NLP Natural Language Processing

NOP Network Operator

ODA TM Forum'’s Open Digital Architecture
0O0ODA Observe, Orient, Decide, Act

PNF Physical Network Function

QoS Quality of Service

RAG Retrieval-Augmented Generation

RCA Root Cause Analysis

RDF Resource Description Framework

RL Reinforcement Learning

RLHF Reinforcement Learning with Human Feedback
SDO Standards Development Organization

SIA Service Impact Analysis

SLA Service Level Agreement

SD-WAN Software Defined WAN

t-DMO Tenant Domain Manager and Orchestrator
TMF TM Forum

Turtle Terse RDF Triple Language

ZSM Zero-touch & Service Management
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Executive Summary

D2.2 (“Initial Requirements of architecture components and Zero-touch automation”) focuses on the work
developed under T2.2 (“Technical Specifications of the architecture components”). The 6G-INTENSE
project vision separates the services from the resources in a new Business Model. As a result of this
vision, this document presents a new System Architecture for 6Gl the Distributed Intent-driven
Management and Orchestration (DIMO) framework.

The DIMO framework is divided into three main components: the tenant Domain Manager and
Orchestrator(t-DMO), the Domain Manager and Orchestrator (DMO), and the Network Compute Fabric
(NCF). t-DMO corresponds to the business-to-consumer (B2C) plane. In contrast, the two other
components of the DIMO correspond to the business-to-business (B2B) management plane, the
Network Operator domain plane, and the Resources Plane. This simplification allows Vertical Service
owners to interact efficiently with the necessary Network and Compute resources through t-DMO.
Moreover, including Native Al in the framework aims to simplify the lifecycle management,
configuration, and service ordering for the Vertical Users while progressing towards a self-managed
solution that can restore its health and optimize on its own.

6G-INTENSE will implement an Intent-driven Networking paradigm for Service Ordering, ensuring that
the Vertical Service owners don’t need detailed knowledge about the underlying infrastructure.
Knowing this, a thorough analysis was conducted evaluating the current standardization efforts on
using Intents. The use of Intents in the 6G-INTENSE architecture considers the adoption of a TM Forum
(TMF) API for Service Ordering, TMF 921A, as well. For this reason, it is essential to map all the
requirements for its implementation for the communication between some of the DIMO components.
We study the TMF’s Open Digital Architecture (ODA), the Autonomous Networks, APIs, and the Closed-
loop framework to understand how this SDO has standardized its approach for adopting intents in their
project.

Furthermore, the proposal architecture adopts a Native Al toolkit as part of the DIMO for cognitive
reasoning over the intent lifecycle handling, specifically using LLMs, Reasoning functions, and
Reinforcement Learning with Human feedback (RLHF). Given the great potential of use of the LLM in
6G-INTENSE framework this deliverable reviews the most recent research proposals on LLMs for
wireless networks. This rapid evolution also enables us to rethink the concepts presented during the
project proposal and create better and more informed decisions about using the technology in the
project.

This deliverable exhaustively evaluates the requirements of the DIMO framework and its inner
components. Additionally, the document evaluates the user requirements for the DIMO, considering the
Proof of Concepts (PoCs) defined in D2.1 (“Report on Requirements and PoC scenarios definition”) and
the architecture presented in the project’s proposal. Assessing the information of each PoC allows the
definition of the essential requirements for this new framework.

Considering the existence of multiple tenants and computing and network infrastructures, guaranteeing
a scalable and hierarchical zero-touch service management layer is essential. This deliverable presents
the t-DMO, the DMO, and the NCF as part of the solution that helps achieve ZSM.

The rest of the components of the DIMO, the DMO, and the NCF concepts are equally presented and
evaluated, along with the necessary general functional and non-functional Requirements. Similarly, we
list the functional requirements for using knowledge and intelligence and evaluate the requirements for
the system's Zero-touch & Service Management (ZSM), Workflow Automation for ZSM, Reasoning, and
Reinforcement Learning (RL) capabilities.

All these requirements will serve as the basis for the design of the 6G-INTENSE architecture, which is
the focus of D2.3(“Initial 6G-INTENSE overall architecture”).

©6G-INTENSE Page | 7
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1 Introduction

The 6G-INTENSE project is a 6G SNS JU Phase 2 Stream B-01-01 project. This stream focuses on
developing System Architecture for 6G networks.

6G-INTENSE proposes a new system architecture for 6G, introducing “6G as a Smart Service Execution
Platform.” This new approach builds on innovative concepts like the Distributed Intent-Driven
Management and Orchestration (DIMO), the Network Compute Fabric (NCF), and the Native Al toolkit.

The DIMO framework will leverage new levels of automation, using a native Al toolkit to empower
Vertical users to request their network services without requiring extensive knowledge of the
underlying infrastructure. This will be facilitated by adopting an Intent-driven Management (IDM)
paradigm. An Intent corresponds to the high-level objectives or outcomes expected to be delivered in a
certain Autonomous Domain. Employing IDM enables Intent declaration, negotiation, and decision-
making across Autonomous Domains. In 6G-Intense, we assume that Intent can be generated using
natural human language. The DIMO framework splits the service and the resource management into the
Domain Management and Orchestrator (DMO) and the Local Management and Orchestrator (LMO).

The tenant Domain Management and Orchestrator (t-DMO) is presented as part of the DIMO as a tenant
management layer to ensure a scalable and hierarchical zero-touch service management layer.

The NCF is a component that tries to bridge the infrastructure sustainably. The NCF is part of the DIMO
framework, whose requirements are exhaustively discussed in the deliverable.

6G-INTENSE innovates in the following areas where it may enlarge standardization related to the TMF
ODA Production and Intelligence Blocks. In particular:

e Multi-tenancy with recursive management of vertical resources

e Tenant management with lifecycle management and Intent propagation to the cloud-edge
continuum

e Machine reasoning and identification of causal relationships needed in Root Cause Analysis
(RCA) and Service Impact Analysis (SIA)

This deliverable highlights the WP2 work on defining the requirements for the components of the DIMO
framework. This deliverable summarizes the work carried out in the context of T2.2 (“Technical
Specifications of the architecture components”). Specifically, it details the technical specifications of the
architecture components, as well as the functional and non-functional requirements of the three pillars
of the 6G-INTENSE project (Service Management and Orchestration, Resource Management and
Orchestration, and Native Al).

1.1 Mapping 6G-INTENSE Outputs

This section aims to map 6G-INTENSE Grant Agreement (GA) commitments within the formal
Deliverable and Task description against the project’s respective outputs and work performed. Table 1
summarizes the task number and GA Task Description. It presents how each GA task is mapped into
chapters in this deliverable.

Table 1: Adherence to 6G-INTENSE GA Deliverable & Tasks Descriptions

6G-INTENSE Task 6G-INTENSE GA Respective Justification
No. and Title Task Description Document
Chapter(s)
DELIVERABLE
Task 2.2- Technical | DIMO framework 2. Background This chapter details the previous
Specifications of pillars and previous research initiatives covering
solutions previous initiatives that influence

©6G-INTENSE Page | 8




D2.2 Initial Requirements of Architecture Components and Zero-touch automation

GEINTENSE:

the architecture
components

3. Use case
requirements of the
DIMO

the DIMO Framework
requirements.

DIMO components 3.2 Tenant Domain This section details the t-DMO
Manager and and its functional and non-
Orchestrator(t-DMO) | functional requirements.
3.3 Domain Manager | This section explains the DMO
and Orchestrator and its functional and non-
(DMO) functional requirements.
3.4 Network This section details the NCF as
Compute Fabric well as its functional and non-
(NCF) functional requirements.
Knowledge and 4.1 Zero Touch This subsection presents the
Intelligence Management different functional requirements
for Zero Touch Management.
4.2 Workflow This section details the functional
Automation for Zero | requirements for the Workflow

Touch Management

Automation for Zero Touch
Management.

4.3 Reasoning

This section details the functional
requirements for Machine
Reasoning (MR).

4.4 Reinforcement
Learning

This section details the functional
requirements for Reinforcement
Learning.

1.2 Deliverable Overview and Report Structure

A brief overview of the structure of the rest of the document is detailed now:

e Section 2 highlights the previous research and standardization initiatives related to the 6G-
INTENSE Project.
e Section 3 details the requirements of the different inner components for the Distributed Intent-
Driven Management and Orchestration (DIMO).
e Section 4 expands the requirements for including Knowledge and Intelligence capabilities in the
DIMO framework.
e Section 5 presents the conclusions of the deliverable.

©6G-INTENSE
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2 6G-INTENSE Foundations

The first sub-section presents the 6G-INTENSE’s architectural pillars and the initial architecture as
presented in the Description of Action.

Subsection 2.2, reviews the state-of-the-art technologies related to the proposed 6G-INTENSE
architecture requirements. In particular, it details different research initiatives such as other SNS JU
Stream Phase 1 research projects, current landscape of using LLMs and standardization efforts by 3GPP,
ETSI, GSMA, and TMF towards adopting the Intent-driven Networking paradigm.

2.1 6G-INTENSE Overview

The 6G-INTENSE project introduces a novel automation architecture that leverages a Native Al toolkit
to facilitate intent declaration, negotiation, and decision automation across autonomous domains. This
approach is referred to as Distributed Intent-driven Management and Orchestration (DIMO). In this
subsection, we outline the Architectural Pillars of 6G-INTENSE, which serve as the foundation for
defining the requirements of the DIMO Framework and the Knowledge and Intelligence Plane. These
pillars establish the key principles and capabilities necessary to enable seamless, Al-driven automation
and orchestration in next-generation networks.

2.1.16G-INTENSE Architecture Pillars

The DIMO Framework builds on the following foundational concepts: Service Management and
Orchestration, Resource Management and Orchestration, and Native Al. Enriching these concepts is the
adoption of TMF Automation Architecture in 6G-INTENSE, which proposes the federation of
Autonomous Domains (ADs) entailing the Business, Service Operations, and real-time Resources
domains. TMF has proposed the Intent APIs in the TMF 921 specification[1] . The concepts and
specifications are essential for the key pillars of the architecture of 6G-INTENSE. The three critical pillars
of the architecture are the following:

e tenant Domain Management and Orchestrator (t-DMO), and the Domain Management and
Orchestrator (DMO)

e Network-Compute Fabric (NCF) Abstraction Layer

e Native Al

2.1.21Initial 6G-INTENSE architecture

This section provides a high-level view of the 6G-INTENSE, as was presented in the project proposal.
Figure 1 presents the architectural innovations proposed in the grant agreement. In 6G-INTENSE, the
architecture's main innovation is the DIMO framework. The DIMO framework comprises the tenant
Domain Management and Orchestrator (t-DMO) and the Domain Management and Orchestrator (DMO).
Other innovations in the architecture are the Network-Compute Fabric (NCF), the Native Al, and the
federation of multiple Local Management Orchestrators (LMOs).

These innovations are mapped in Figure 1 and are associated with service management actions.
Specifically, via the t-DMO, the DIMO framework allows the different Verticals to perform the Vertical
Service Definition, expressed in a Tenant Intent. Furthermore, the deployment and monitoring of tenant
services are ensured by the different DMOs deployed in each of the Administrative Domains, acting as
0SS/BSS platforms. The composition of the Services across domains is ensured with the East/West
Inter-DMO communication. Each DMO makes use of Native Al for the deployment and the monitoring of
the Services. After the ingestion of the Tenant Intent, the DMO will be responsible for creating a Service
Intent that details the Service to be orchestrated by the NCF.

The NCF offers an abstraction layer over the different Resource Polls, including the Deep Edge; it bridges
Service Orchestration and Resource Orchestration and unifies connectivity and computing capabilities
in one entity. The NCF aims to provide a unified intent-based resource management API for the different
technological domains (Cloud, Edge, RAN, Deep Edge). This API allows multiple LMOs from multiple
domains to be added to the NCF.
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The different LMOs assure Resource and service Exposure. Each LMO receives a Resource Intent from
the Network-Computer Fabric via its specific API (E.g., the Kubernetes API for cloud-native computing
resources).

Vertical Service
Definition ‘

Tenant Platforms Knowledge & Intelligence

Tenant Services
deployment
and i

‘ T ‘ T Tenant Intent
S [ T

DMO 2
Inter DMO C:
Native Al Native Al
I
i ‘ i ‘ Service Intent
Network-Compute Fabric E

‘ Monitoring & Charging ‘ ‘ Conflict Resolution ‘

= ‘ E

‘ Advanced resource & service Exposure

Resource & ‘
Service

Exposure i T J, T J' T l T l TResource Intent
o

Figure 1: 6G-INTENSE initial architecture

2.2 Research Initiatives

This subsection reviews the research initiatives that are related to the 6G-INTENSE work and it attempts
to show how 6G-INTENSE builds upon the advancements from previous research projects, aiming to
enhance current technology and address existing limitations. We survey the projects from the call 1,
Streams B and C, of SNS JU and the 5GPP HEXA-X project.

2.2.1 Research funded projects
2.2.1.1 HEXA-X

Figure 2 illustrates HEXA-X’s architecture enablers [4] , which are divided into three parts: the
Intelligent network (blue boxes), the Flexible network (green boxes), and the Efficient network (orange
boxes). The Intelligent Network enablers are responsible for developing fully integrated Al and
programmable networks. The enablers are grouped into different independent frameworks and
mechanisms that enable them. Al-as-a-Service is a tool for managing, distributing, and interacting with
models and agents. FL-as-a-Service provides the means for federating UEs, exploiting federated Al
models created by collective training.

The Flexible Network enablers are solutions that support deployments such as mesh/Campus networks
and NTN, which compose the 6G System. By employing mesh ad hoc Network control, it is possible to
set up networks on demand using Device-to-Device Communication. 6G Multi-Connectivity ensures the
enhancement of 5G features to support 6G requirements.

The Efficient Network enablers streamline the Radio Access Network (RAN) and the Core Network (CN)
architecture, minimizing the signaling toward a more flexible architecture. Moreover, the SBA should be
extended to the RAN.

HEXA-X is exploring technological trends in connected intelligence, networks of networks,
sustainability, global service coverage, extreme experience, and trustworthiness, defining a
comprehensive vision and strategy for 6G architecture.
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Figure 2: HEXA-X: Overview of the 6G architecture enablers [4]

6G-INTENSE will align with the Hexa-X II specifications for 6G, with a primary focus on the cognitive
management and orchestration plane using Intent. 6G-INTENSE goes beyond the Hexa-X approach by
introducing and implementing the Distributed Intent-driven Management and Orchestration (DIMO)
framework, which enables autonomous domain management through Native Al.

While Hexa-X follows a global architecture that integrates both service and resource management, 6G-
INTENSE innovates by separating these two layers, introducing the concepts of Tenant DMO, DMO, and
the NCF. This separation enables efficient management of 6G resources, particularly those that are
dynamically integrated into resource pools, such as far-edge nodes, which are inherently volatile due to
their mobility and limited capabilities. Furthermore, 6G-INTENSE reinforces this separation through a
resource abstraction approach using the NCF, which facilitates the creation and management of
resource pools independently of service management. This approach enhances the flexibility and
scalability of 6G resource allocation, ensuring optimal utilization of dynamic and heterogeneous
infrastructure components.

deploy.
2.2.1.2 6G-BRICKS

6G-BRICKS isa SNSJU Phase 1 Stream C project aiming to develop an innovative 6G facility incorporating
cell-free and RIS technologies for 6G networks. It will also focus on introducing unified control
paradigms powered by Explainable Al and Machine Reasoning. All enablers will be delivered as reusable
components with open APIs, called “bricks”. The project will deliver an evolvable 6G experimentation
platform, integrating breakthrough 6G technologies, including a PaaS resource management and
abstraction framework. Furthermore, 6G-BRICKS will federate two testbeds under a common set of
experimentation tools, as shown in Figure 3[3] . These tools will enable testing advanced use cases in
holographic communication, metaverse, and digital twinning.

6G-INTENSE will leverage key architectural components from 6G-BRICKS, particularly the use of intents
for service ordering and the adoption of the Domain Manager and Orchestrator (DMO) concept.
However, 6G-INTENSE introduces significant advancements beyond 6G-BRICKS, particularly in
resource management abstraction and native Al integration.
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While 6G-BRICKS considers the DMO responsible for both service and resource management, its scope
is limited to two testbeds. In contrast, 6G-INTENSE introduces the NCF to abstract and separate resource
management from service orchestration. This abstraction is crucial as 6G-INTENSE considers
heterogeneous resources (including far-edge nodes) belonging to multiple providers and spanning
different technological domains, unlike the more constrained approach in 6G-BRICKS.

Additionally, 6G-INTENSE introduces a Native Al Plane, ensuring that Al capabilities are deeply
embedded within the architecture. In contrast, 6G-BRICKS integrates intelligence directly within the
DMO, which may limit performance and lack efficiency in managing the lifecycle of machine learning
(ML) models. By incorporating Native Al, 6G-INTENSE enables efficient ML Operations (MLOps),
ensuring that ML models are continuously optimized, monitored, and perform as expected. This
approach enhances scalability, adaptability, and overall system intelligence, making 6G-INTENSE a
more robust solution for future 6G networks.
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Figure 3:6G-BRICKS Overall Architecture([3]

2.2.1.3 ADROIT6G

The ADROIT6G project [5] aims to bring intelligent capabilities to different network layers of the 6G
system. The project's architecture comprises the Al-driven Management and Orchestration Framework,
the Fully distributed and secure Al/ML Framework for Crowdsourcing Al Framework, and the Belief-
Desire-Intention-& Al-driven Unified & Open Control Operations Framework. Moreover, the ADROIT6G
architecture considers the definition of real-time Closed-Loop Functions. The collaboration between
these components is essential to the project's architecture. The technological domains of ADROIT6G
span from the far edge and move toward the cloud domains. All these components communicate through
a shared, secure, scalable interdomain communication bus.

6G-INTENSE will employ the native Al paradigm, extending the system architecture's capabilities. In
this case, 6G-INTENSE will adopt Al-based closed-control loops, as this is one requirement for
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implementing Autonomous Network Domains. By defining a specific process for delivering a service in
a specific domain, it is also possible to create closed-control automation.

2.2.1.4 DESIRE6G

The DESIRE6G (D6G) project [6] is part of the first call of projects of Stream B of SNS JU. Its architecture
considers four layers, as described in this section. It reuses/adopts many concepts from different
architectures proposed by SDOs like ETSI NFV and O-RAN.

The D6G architecture has an Intent-Based Orchestration Layer that is responsible for service
management, orchestration, and optimization. The next layer is the Optimization and Network Control
Layer, which can be perceived as the Network's control plane.

The Intent-Based Orchestration Layer and the Optimization and Network Control Layer manage the E2E
Programming Data Plane Layer, which is responsible for service execution and implements packet
processing operations and protocol support.

The bottom layer of the D6G architecture is the physical infrastructure layer. This contains the
computing and network components used in the project and black-box non-programmable components
like transport nodes and RAN hardware.

The 6G-INTENSE DIMO architecture is designed to be more general and flexible, supporting all 6G
services, whereas DESIRE-6G focuses exclusively on ultra-Reliable Low Latency Communications
(uRLLC) services. Moreover, a key innovation in 6G-INTENSE is the separation of service and resource
management, which enables the dynamic management of 6G resources. This is achieved by introducing
the concept of a resource pool, which evolves independently of services and is managed by the Network
Control Function (NCF). Meanwhile, the Domain Manager and Orchestrator (DMO) is dedicated to
service management, ensuring a clear architectural distinction that enhances flexibility and scalability.

Finally, 6G-INTENSE leverages intent-based management as specified by the TM Forum but goes beyond
existing frameworks by enabling human-language-based service definitions for vertical industries. This
capability simplifies service deployment and configuration, making 6G-INTENSE more accessible and
adaptable compared to DESIRE-6G.

2.2.1.5 DETERMINISTIC6G

The DETERMINISTIC6G is one of the first calls of projects of Stream B of SNS JU architecture. The
project's architecture is based on Ericsson's “Future Network Architecture”[35] . The project extended
the 6G Architecture proposed by Ericsson with a deterministic network domain. This domain should be
able to ensure predictable and reliable communication with minimal latency and jitter. The main feature
of this domain is the capacity to accommodate time-sensitive Networking capabilities and Deterministic
Networks while ensuring End-to-end communications.

The 6G-INTENSE architecture expands on the Network Compute Framework concept, one of the
essential components of Ericsson’s vision for a “Future Network Architecture,” by proposing an Intent-
driven Management approach to communication with the NCF. Specifically, the 6G-INTENSE adopts the
Intent API (TMF921) from the TM Forum for communication between operational domains (Business,
Service, Resources). Moreover, it can also be used for communication between different autonomous
domains of the same operational Domain (e.g.: two NCFs from different autonomous domains can
exchange information through the use of the common TMF921 API model).

2.2.2 LLM Research Initiatives and how to leverage them in Telecom

The 6G-INTENSE Project will use Generative Al in specific Large Language Models (LLMs) as part of the
Business Intent translation and at the DIMO. This subsection details the different LLM Research
Initiatives pursued in academia and industry. LLMs are a trendy topic, and better procedures for using
them appear almost every month. This also means there are some doubts and opportunities regarding
the use and application of these models.

The recent surge of LLMs marks a significant evolution in artificial intelligence, particularly in natural
language processing (NLP). Leading models like OpenAl's GPT-3.5 and GPT-4, Google's PaLM, and Meta's
LLaMA have emerged as frontrunners, demonstrating remarkable capabilities in understanding and
generating human-like text. This rapid advancement has been driven by improved computational power
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and enhanced methods for learning complex language patterns. As a result, LLMs are being integrated
into various sectors, including healthcare conversational agents, finance, education, and many other
applications.

Recent trends in LLMs showcase their diverse applications and each model's unique strengths and
weaknesses. For example, GPT-4 has gained attention for its enhanced reasoning capabilities and ability
to generate coherent, contextually relevant responses, making it suitable for applications in education,
healthcare, and creative writing [9] [10] . However, its performance can be inconsistent, particularly in
specialized domains where it may lack the depth of knowledge required for accurate responses. In
contrast, LLaMA, developed by Meta, is designed to be more accessible and efficient. It focuses on
providing high-quality outputs while being less resource-intensive than its counterparts [11] . This
makes LLaMA particularly relevant for organizations with limited computational resources, although it
may not match the performance of larger models in complex tasks.

Another significant entrant is the Gemini model developed by Google DeepMind, which emphasizes a
more generalized approach to language understanding. Its architecture is designed for efficient training
on diverse datasets, enhancing its adaptability across various tasks[12] . However, this versatility often
comes with a trade-off: compromised performance on highly specialized tasks where models like GPT-
4 may excel due to their focused training [13] .

Recent studies highlight the integration of LLMs into telecommunications, emphasizing their potential
to automate and optimize network operations. For example, Bariah et al. [14] discuss how LLMs can be
tailored to understand telecom-specific language, facilitating network design and deployment tasks.
This is a changer when considering the deployment of 6G networks. As normally only specialized
individuals can understand the vast number of parameters that can influence the network deployment.

Another key initiative is to leverage LLMs to better understand the standards and implementing them
in different network components. The author of [15] presents an open-source dataset called TSpec-LLM
covering all 3GPP documents from Release 8 to 19 (1999-2023). This research uses a retrieval-
augmented generation (RAG) framework to improve LLM accuracy on telecom standards, boosting
performance for models like GPT-3.5, Gemini 1.0 Pro, and GPT-4 by effectively retrieving relevant 3GPP
context. Moreover, LLMs are underutilized in telecommunications, with general-purpose models often
struggling with domain-specific terminology and complex representations. To address this, recent work
[16] introduced Tele-Data and Tele-Eval, curated and telecom-focused Q&A datasets, which support
Tele-LLMs, the first telecom-specific LLMs (1B-8B parameters).

Additionally, applying LLMs in Intent-based networking (IBN) is gaining momentum. The concept of IBN
and IDM are also adopted by 6G-INTENSE. Using IBN is particularly important for interpreting user
requests, which is crucial for configuring networks to meet specific performance and service quality
objectives. Overall, ongoing research and development in this area will likely produce innovative
solutions that further enhance the capabilities of next-generation networks [17] .

2.3 Standardization efforts

6G-INTENSE builds upon established intent-based standards, primarily TMF, ETSI ZSM, and 3GPP while
extending their capabilities for 6G requirements. This approach ensures standards compliance while
enabling advanced capabilities needed for 6G networks, providing a path for future standardization
contributions.

We give particular importance to the TMF. Specifically, 6G-INTENSE adopts the TMF automation
architecture paradigm, which proposes a federation of Administrative Domains (ADs). These ADs
operate in Business, service operator, and resource domains. The TMF approach to a federation of ADs
is tightly connected via intent APIs, mainly defined by the TMF 921 standard. The 6G-INTENSE also aims
to adopt TMF921 as the foundational intent model for definition and representation. It defines intent as
a declarative way to specify what needs to be accomplished without detailing how it should be achieved,
building on the Intent Model Implementation and the Intent Architecture. Intents in 6G-INTENSE can be
also defined using human-language which motivate the usage of LLM. Indeed, the project aims to extend
the existing standards and approaches with innovative features such as LLMs integration for intent
translations, Native Al Toolkit for intent processing and automation, intent-driven JCS capabilities at
Deep Edge, and intent-based resource abstraction and federation.
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Moreover, 3GPP's focus on Intent, is to emphasize the high-level goals for network behavior and
performance; automation, aiming to automate network management by translating Intents into
actionable configurations; and flexibility, supporting dynamic network environments by allowing
changes in Intent without needing to redesign the entire system.

The ETSI ZSM has also a vision related to the intent approach with different stages and steps regarding
what is going to happen in the system.

The following sections give a brief overview of the Standardization initiatives that the 6G-INTENSE
architecture will be based on.

2.3.1 TM Forum

TMF is a global industry association focusing on digital transformation in the telecommunications,
media, and technology sectors. It provides a collaborative platform for industry professionals to share
best practices, develop standards, and drive innovation in 5G, Internet of Things (10T), cloud computing,
and customer experience management, as shown in Figure 4.
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Figure 4: The 3 missions of TMF [37]

2.3.1.1 TM Forum ODA Architecture

The composable IT & Ecosystem approach, summarized by TMF’s Open Digital Architecture (ODA), is a
blueprint for transforming telecoms IT and networks created for the industry. The ODA is part of the
Open Digital Framework (ODF), described in Figure 5, defined by TM Forum. It also aids
Communication Service Providers in implementing digital transformation by moving from legacy IT
systems. The ODF has several tools that help implement the ODA, mainly maturity tools, data
repositories, and transformation tools.

The ODA is composed of 6 components:

1. Governance
a. Ensures compliance with ODA and provides standards, policies/guidelines, and ensures
regulatory compliance
2. Business
a. Ensures that the digital transformation supports business agility and operational
efficiency.
b. Facilitates the creation of new revenue streams via digital transformation
3. Information Systems
a. Ensures data integrity and security across all systems. Supports the decision-making
processes.
4. Deployment & Runtime
a. Handles the deployment of ODA components in cloud-native environments. Ensures
scalability and adaptability. Manages resource usage and optimizes performance
5. Implementation
a. Responsible for building and integrating the ODA components, following standards and
design principles to ensure interoperability and modularity.
6. Lifecycle Management
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a. Oversees the lifecycle of the ODA components from design to decommissioning, ensuring
that all processes related to the components occur in a controlled manner.
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Figure 5: TMF Open Digital Architecture, part of the TMF Open Digital Framework[36]

2.3.1.2 TM Forum Autonomous Network Project

A closely related initiative by TMF is the Autonomous Networks Project (ANP). This project is designed
to align with the ODA, and its technical architecture follows the ODA framework.

An Autonomous Network is intelligent, native, efficient, and reliable. It delivers zero-trouble customer
experiences because it is fully autonomous, built on open digital architectures, and powered by Al.

The ANP defines several levels of automation, from basic automation to fully autonomous operation.
Furthermore, the ANP highly values intent-based operations, where the network can autonomously
understand and execute business intents without context from human interactions.

Autonomous Networks involve several layers and close loops. Moreover, they leverage Open APIs to
drive value through network monetization and enable the delivery of innovative new services.

In Autonomous Networks, the Autonomous Domain concept defines the scope of the autonomous
operations delegated by an organization. Figure 6 presents an example of an Autonomous Domain. The
Autonomous domain is the basic automatic closed-control loop that defines the lifecycle network
operations available for the Communication Service Provider.

One of the main principles for an Autonomous domain is to run in a self-operating mode according to
the business objective. It should do that by hiding the implementation operation and the functions of
the domain's elements.

In Figure 6, several functions are presented, portraying some of the operations expected to be supported
by an Autonomous Domain. Specific components include intelligence Management components,
Programmable Service Controllers, and Service Reporting/Delivery.
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Figure 6: TMF autonomous network domain example[38]

In the ANP project, integrating Al and Machine Learning is a key element. These technologies allow self-
configuration, self-healing, and self-optimization, essential for autonomous operations.

By integrating Data & Al Innovation and Automation, TMF aims to foster digital transformation for new
technologies and service rollouts for Communication Service Providers. Furthermore, AlOps, which
combines big data and machine learning, can automate operations processes, including event
correlation, anomaly detection, and causality determination for the digital telco to the Al-Native telco/Al
tools and models. In this context, the AI/AN framework enables CSPs to unlock new revenue streams
and improve their agility and operational efficiency while delivering exceptional customer experience
and flows, as described in Figure 7[37] .

Al & Automation

al
Intent and Service
Closed Loop N Management
Automation . Operations

Intelligence

Measuring &
Managing

Operations

Digital Twin for
Autonomy Decislon Management
Intelligence

Figure 7: TMF Data & Al Innovation and Automation[37]

2.3.1.3 TM Forum APIs

Considering the ODA and the ANP, the TMF has defined several OpenAPIs to foster better
interoperability between stakeholders of the Telecom Ecosystem. By having a standard developer-
friendly AP], it is possible to ensure that all stakeholders will abide by the same principles and practices,
enhancing the compatibility of the solutions. As they follow the ODA principles, these APIs support
modular and cloud-native architectures, enabling the solutions' scalability.

©6G-INTENSE Page | 18




GEINTENSE:

D2.2 Initial Requirements of Architecture Components and Zero-touch automation

Lastly, the TMF APIs provide a common framework for developing common APIs, fostering innovation
and adoption. These APIs enable end-to-end management of services throughout their lifecycle, from
creation to retirement.

Both TMF APIs and ODA enable the prerequisites in architecture for AlOps.

According to TMF, Intent is defined as the set of operational goals the network should meet to operate
the live service. It is described in a declarative set of objectives and constraints without specifying how
to implement them. The purpose of the intent-based API is to capture the business goal, objectives, and
constraints of the requested services; the intent-based API is focused on describing the ‘what’ as the
expectations or desired outcome from an Autonomous Domain. Intent-driven interfaces are enablers
for Autonomous Domains.

Operations automation is a must in future networks and services and is achievable through full lifecycle
automation of the services and maximum optimization of network resources. The provided intent drives
an automated closed loop to automate the service delivery and operation on the network, using the
resources efficiently and reporting any conflict identified during monitoring and assurance. Therefore,
cross-domain service operations are required to achieve network autonomy, and closed-loop
automation enables each layer to operate and communicate on the intent statuses [39] .

Figure 8 presents how the TMF Autonomous Network project idealizes federation over different
Autonomous Domains across different operational layers (Business, Service, and Resources). It also
shows how communication between the self-governing domains is maintained. In this setting, multiple
Autonomous Domains can be interfaced across several operational layers through peering. According
to TMF, the configuration proposed in the figure is scalable and functionally flexible.

A scalable and adaptive network is one requirement for an evolving network that can incorporate the
capabilities of the different Autonomous Domains. All capabilities of each domain are part of the control
loops within and across domains.
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Figure 8: TMF AN Domains Federation using Intent-Driven Interfaces[39]

Figure 9 presents an example by TMF of an overview of message flows between the functional blocks of
the architecture, as presented in Figure 8. It shows how different intents are handled within and across
the functional domains, following the closed-control loops within domains. Furthermore, the lifecycle of
each intent is represented (instantiation, handling, reporting), following the call flows for the intent.
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Figure 9: TMF Example of End to End Intent Driven Autonomous Network Call Flows [39]

The Intent-based API TMF921 [1] achieves the recursive design in autonomous networks, allowing
atomic and composite domains across Services and Resources to become discoverable and
interoperable with build and operational purposes. This makes it possible for service delivery and
assurance flows to shift towards AlOps and Closed-Loop management, the focus of TMF753[18] .

The TMF921 Intent-Based API uses Turtle (Terse RDF Triple Language) schemas and TMF ontology to
represent data and enable intelligent automation. Business users express high-level Intents, such as
ensuring a certain quality of service (QoS), bandwidth, or latency for a service. It automatically
translates these Intents into technical operations (e.g., adjusting routing and bandwidth allocation)
without requiring the user to specify low-level network configurations. After successful activation,
based on specific closed loops and MR Al models, it will dynamically adjust and optimize network
settings to meet the Intent as conditions change. Turtle provides a flexible, standardized way of
expressing relationships between data elements. It is ideal for semantic web applications, which rely
heavily on transparent, machine-readable relationships between concepts or instances. The network
resources, service characteristics, and the goals of the Intent are expressed in RDF triples, enabling
the system to understand relationships between elements. For example, An Intent might provide a
specific bandwidth for a video call, and this relationship (Intent -> bandwidth -> video call) can be
expressed in RDF triples.

Example Triple:

e Subject: VideoService
e Predicate: requires
e Object: HighBandwidth

Describes network elements and relationships. An ontology defines the classes (e.g., services,
resources, Intents) and their relationships. For example, it may explain that an Intent to improve video
quality relates to bandwidth and latency, and the network must adjust these parameters to meet the
Intent.

Contextual Understanding: If a user requests "high reliability" for a critical service, the ontology helps
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the system recognizing which network elements need to be optimized (e.g., redundancy, low-latency
paths).

e Example Ontology Relationships:
o Intent-> ServiceLevelAgreement -> Reliability
o Service -> NetworkFunction -> Resource

Reasoning and Interference: The Intent for "low latency" video might trigger the system to allocate
edge computing resources closer to the user to reduce transmission delays.

Knowledge management is a source of innovation because it involves converting tacit knowledge into
explicit knowledge, which is needed to deliver and manage services and underlying resources.

Table 2 describes the identified APIs proposed by TMF that could be used for further technological
proposals related to novel 6G architecture and mapped to 6G-INTENSE architecture. In specific these
APIs, focus on the 3 operational domains of the TM Autonomous Network Architecture: Business,
Service and Resources.

Table 2: Example of envisioned TMF APIs and Interfaces

API, model, frameworks, Open-Source Usage and Scope
Solution
TMF633 Service Catalog Management Service Catalog Management APl allows the
API[19] management of the entire lifecycle of the service catalog
elements.
TMF641 Service Ordering API[20] Create, update & retrieve Service Orders, and manage

related notifications.

TMF639 Resource Inventory Provide the ability to manage Resources.
Management[21]

TMF657 Service Level Specifications[22]  Service Quality Management REST API Specification.

TMF655 Change Management API[23] Standard integration capabilities between external
applications and Change Management Applications.

TMF645 Service Qualification API[24] Provide service availability to the customer.

TMF640 Activation and Configuration
API[25]

TMF664 Resource Activation API[26]

2.3.1.3.1TM Forum Closed Loop Framework

Allows the user to retrieve, create, update, delete
services, and recover the monitor resource used to
monitor the execution of asynchronous requests on
specific resources.

Resource Functions Activation and Configuration.

TMF has also defined a closed-loop mechanism and feedback report based on service monitoring,
implemented through the TMF753 closed-loop APIL As illustrated in Figure 10, the closed-loop
framework follows the process phases Observe—Orient—Decide—Act. These phases occur in the
following way:

1. In the Observation phase, relevant data is collected from goals definitions and constraints.

2. After data collection is performed and refined, the Orient phase focuses on semantic analysis of
the intent data and generates the required actions, which can be further decided.
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3. The decision phase targets Al model prediction based on the required actions. For decision-
making tasks and degradation prediction, TMF proposes the TMF915 API to interact with Al/ML
models from the intelligence base.

4. The actuation phase involves testing, monitoring the most suitable decision, and providing
feedback. The generated feedback on the actions becomes input for the Observation phase, being
fed back into the system. This creates a continuous loop of improvement and adaptation.
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Figure 10: TMF Closed Loop framework (Observe, Orient, Decide, Act)[44]

2.3.2 3GPP

3GPP is a Standard Development Organization (SDO) that provides Network Operators with relevant
information for Management and Orchestration for operation, assurance, fulfillment, and automation,
including management interaction with external entities. 3GPP follows a well-defined process for
developing their Technical Specifications (TSs). The process to add a new functionality or feature into
the standards follows a 3-stage approach:

1. Stage 1: Use case and requirement definition.
2. Stage 2: System Architecture and Functional Design.
3. Stage 3: Detailed Protocols and Procedures.

Focusing on the management services for the communication service assurance feature inclusion in the
5G and Beyond System specifications, 3GPP has specified both stage 2 and stage 3 for a closed-control-
loop communication service assurance solution that adjusts and optimizes the services, introducing the
“Intent” concept.

3GPP TS 28.312 [27] provides concepts and background for the expectations, including requirements,
goals, and constraints for a specific service or network management workflow:

. An Intent is typically understandable by humans and needs to be interpreted by the machine
without any ambiguity.
. An intent focuses more on describing the "What" needs to be achieved but less on "How"

that outcomes should be achieved, expressing the metrics that need to be completed and not
how to achieve them.

. The expectations expressed by an Intent are agnostic to the underlying system
implementation, technology, and infrastructure.
. Intent needs to be quantifiable from network data so that the fulfillment result can be

measured and evaluated
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Based on roles related to networks and network management, different kinds of Intents, see Figure 11,
are applicable for various types of standardized reference interfaces:

. Intent from Communication Service Customer (Intent-CSC) expresses which properties of a
communication service the CSC may request from CSP without knowing how to do the
detailed management for communication service.

. Intent from a Communication Service Provider (Intent-CSP) expresses an Intent about what
CSP would like to do for the network without knowing how to do the detailed management
for the network.

. Intent from Network Operator (Intent-NOP) enables the Network Operator (NOP) to
provide what the NOP would like to do for a group of network elements (i.e., subnetwork)
management and control without knowing how to do the detailed management for the
network elements.

Ccsc ‘

csc IDMS(s) for A
- ) ) o Intent-CSC ¢
Intent-CSC
CSP MnS Producer
IDMS(s) rm,J.‘ ,LNnn-lnrsnI MnS(s)
Intent-CSP T T for Network
NOP Intent-CSP [ Non-Intent
MnS Producer MnS Producer
IDMSis) for ’Lhun Intent IDMS(s) for ’l‘ Non-Intent
Intent-NOP MnS(s) for NE Intent-NO T T MnSts) for NE
NEP Intent-NOP Non-Intent Intent-NOP Non-Intent
MnS Producer MnS Producer MnS Producer || MnS Producer

Figure 11: 3GPP Intent from Communication Service-X to NEP[27]

Intent expectations for different types of management needs, as described by 3GPP

. Intent expectation for delivering network and service-related object: consumer to express
the Intent expectation for the object (e.g., network, service, slice) to be delivered by the
system

. Intent expectation for network and service-related object performance, consumer to express
the performance objectives of the object (e.g., network, service, slice) to be assured

. Support for Intent-driven management, the consumer provides its Intent to the producer of
a set of management services that would be consumed in a specific domain

. Intent-driven closed-loop, used for management and control of closed-loop automation (e.g.,

Intent can be used to specify the goals for the closed-loop), which means the Intent can be
translated to policies and management tasks needed to execute for the closed-loop
automation.

3GPPTR 28.912[27] is the Study on enhanced Intent driven management services for mobile networks,
and it has several approaches with potential Intent new capabilities and approaches:

. Intent-driven approach for RAN energy saving

. Intent conflicts

. Enhancement network Intent expectation for Radio and 5G Core
. Solutions for fault management and network optimization

The focus is related to the Intent-driven Closed Loop control; as defined, a Closed Loop (CL) is an entity
that implements the capabilities to get data, analyze it, generate a decision, and execute it on the
network. There are stages of implementation: (1) monitor, (2) analyze, (3) decide, and (4) execute, as
the closed loop is one of the relevant functionalities within networks with Zero-touch & Service
Management (ZSM), as in Figure 12[29] .
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Monitor
I )
Underlying Process/System

Figure 12: Closed Loop Components Intents’ relation[29]

g

In the Intent approach, Closed-Loop Control may configure different network and management
functions to achieve the desired Closed-Loop goals based on Intents, with the input as capabilities,
control, or use cases. An example of Closed-Loop is seen in Figure 14, where the Management System
(MnS) producer for intent-driven MnS may play the role of closed-loop control to implement intent-
driven MnS.

______________________________________________

Intent 1
Intent driven t Intent driven

MnS Consumer MnS Producer }

Intent Report

»
i
>
>

-
* . v

Monitor | Y Execute

v

Underlying Process/System

Intent driven closed loop control

Figure 13: Intent-driven closed loop Control example [29]

2.3.3 GSMA

GSMA is a global organization unifying the mobile ecosystem to discover, develop, and deliver
innovation foundational to positive business environments and societal change. The GSMA incorporated
Intent-driven networking as a key component of its vision for future telecom networks as part of the
Network Automation and Orchestration strategy for MNOs, and it also aligned with the GSMA'’s Telco
Cloud vision. The GSMA sees the Intent-driven networks as crucial for future telecommunication and
solution services, enabling agile, efficient, and customer-centric telecom operations. GSMA includes key
components such as integration with TMF, collaboration on open digital architecture, and the Intent-
based approach for interfaces related to service management. For example, one of Intent’s use cases can
be the network slice definition and management through Intent-networks by automating the slice
creation and service slice optimization.

GSMA is leveraging Al, which is used by Telecom Networks (AITN) to translate business Intentions into
network actions, enhancing the systems' predictive network maintenance and self-healing capabilities.
The Al technologies concerning the Intent network empower future intelligent networks, which are
becoming integrated components of future network concepts, including GSMA’s Intent architecture
framework. The Intent Al focus is to provide Al-based network planning, optimization, and operations,
assisting with fault detection, predictive maintenance, and network planning and optimization,
supported by the closed-loops under the operator-provided Intent or policy[39] .

The GSMA’s Al in network framework simplifies the network architecture and operations automation,
offering enhanced user experience, full lifecycle network automation, and efficient resource utilization.
The open interfaces and APIs provide the autonomous network capability in each telecom domain and
layer, as the open interface usage will be simplified from massive data and parameters to an exchange
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of Intents. The open interfaces are the Intent-based APIs that provide end-to-end network management
and services orchestration by automating the network operations based on the Intents. GSMA'’s service-
level automation is achieved through policy-based or Intent-driven network autonomy control using
standardized open APIs and interfaces.

2.3.4 ETSI

ETSI approach for Intent networks and Intent-driven networking focuses on automating network
management and operations by translating high-level business Intents into actionable network
configurations. This approach aims to enhance network management's agility, efficiency, and
responsiveness. Some key aspects include the following:

e Intent Definition: business goals and desired outcomes in a way that the network can
understand.

e Abstraction Layer: layer that decouples the Intent from the underlying network infrastructure,
allowing flexibility and adaptability.

e Policy Enforcement: guide the network behavior based on the defined Intents, ensuring
compliance and alignment with business objectives.

e Automation: tools and frameworks to translate Intents into network configurations, reducing
manual intervention and errors.

e Feedback Loop: a mechanism to monitor network performance and adjust Intents as necessary,
ensuring continuous alignment with business needs.

The ETSI ZSM vision related to the intent approach with different stages and steps regarding what is
going to happen in the system (Measurements), what should be fixed (Analysis), what can be done
(Decision), and implementation of the solution (Execution) as shown in Figure 14.
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Figure 14: ETSI ZSM Intent-driven example[34]

ETSI ZSM realizes autonomous systems combining automatic and adaptive technology, cognitive
management systems, and closed loops. A key document on this subject, ETSI ZSM 005 [30], introduces
the Intent-based approach as a means of automation. The document also focuses on policy-driven
automation, Intent-based service orchestration, network governance, and network stability. Another
essential document, ETSI ZSM 011[30], provides generic aspects of Zero-touch networks and Service
Management and Intent-driven autonomous networks, as seen in Figure 15 ZSM 011 [30] describes that
autonomous network management framework is purely Intent-driven; all goals and expected behavior
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are defined with Intents. The management performs only operations related to the fulfillment and
assurance of intent, with goals expressed as intents.

Intent Owner

-

MnS Consumer

Intent l @ I Intent Report

MnS Producer

Intent Handler

Intent Management Entity

Figure 15: ETSI ZSM Intent management ZSM Framework[31]

In Figure 15 and Figure 16, for the service-based and intent-driven management reference architecture,
the Intent owner is responsible for managing the intent’s lifecycle, following its status through the Intent
Report. As a consumer, the intent owner sends the requests to the intent handler, i.e., the producer. The
handler fulfills the intent as expected, and the intent can be accepted or rejected.

Intent Management Entity @ ZSM framework consumer

E2€ Service Management Domain

Intent Management Entity

Domain Integration Fabric

E2E Intent
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Cross-domain Integration Fabric

1 [}
Domnain Intent  Domain Domain Domain  Domain Domain

Handling Control h DBata €qll
o O

Analvtl

Imnm f\
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Network Resources IME

Figure 16: ETSI ZSM intent management entity architecture[31]

In Figure 16, there is a schematic representation of the Intent Management Entity in the ZSM, where the
end-to-end service Management Domain (MD) can either transform or interpret the intent into a set of
services offered by the MD, or it can transform an intent towards network resources or interpret the
intent and transform into resources requests.

ETSI ZSM 016’s[32] scope for Intent-driven Closed Loops is a combination of closed-loop automation
with Intents originating from ZSM consumers;(i) the Intent-driven governance and (ii) the coordination
of closed loops or Intent operations like CRUD (Create, Read, Update, Delete). The document also
provides the Intent Lifecycle Management (LCM) with minimal features and functional capabilities.
Moreover, it presents additional and existing services and capabilities, and an architectural framework
that derives the next steps for the mentioned intent-driven closed loops. ETSI ZSM 009[29] [33] ,
describes the zero-touch network and service management within closed-loop automation processes,
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as advanced topics related to closed-loop operations, such as learning mechanisms and cognition
procedures. For the next-generation closed-loop operations (Cognitive closed loops), the network
management should be automated as much as possible, and the additional requirements should be
handled through machine-learning-driven or cognitive automation. Applying ML/AI technology, the
decision-making and the optimized actions are hierarchically coordinated between the different closed
loops within the constrained environments (e.g., resources). The Intent-based envisioned closed loops
represent the ability to adapt to new situations and new services without the intervention of human
operators, as implementing a closed loop may require a certain number of resources for artificial
intelligence (AI) model training, data analysis, and other decision-making processes.
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3 The Distributed Intent-Driven Management and Orchestration
(DIMO) architectural framework for 6G-INTENSE

The DIMO framework is the primary step towards enabling large-scale automation in the 6G ecosystem
by integrating diverse communication and physical resources. It focuses on distributed and
decentralized control loops aligned with industry standards like ETSI ZSM and TMF, advancing the idea
of Zero-touch Service Management (ZSM). A core feature of DIMO is using declarative intents to define
service-level goals and configurations, supported by transforming the NFVO into Domain Management
and Orchestrator (DMO) entities. The DIMO architecture relies on three novel components: Domain
Management and Orchestration (DMO), tenant DMO (t-DMO), and Network-Compute Fabric (NCF). This
section specifies the user requirement from the PoCs for the DIMO taking into account the information
from the Deliverable 2.1. These requirements are essential for the definition of the functional and non-
functional requirements for each component within DIMO’s architecture. The functional and non-
functional requirements of the DIMO’s architecture are presented afterwards in the section, and include
service management and orchestration, resource management and orchestration, and the Native Al
Toolkit.

3.1 User requirements from PoCs for the DIMO

The PoC#1 (“Distributed continuum towards Pervasive computing”) has several user requirements for
the architecture of the DIMO, which are directly related to the User Requirements described in the
project’s deliverable D2.1 (Table 3 of Section 2.2.1.4 and Table 4 of Section 2.2.2.4) defined in Table 3.

Table 3: User Requirements from PoC#1

User Requirements from PoC#1: Distributed Continuum towards Pervasive Computing

UR-ID UR-Description

UR-DistributedContinuum-1 The architecture (t-DMO level) should allow the
tenant/PoC owner to request the instantiation of a
Full Service Content Delivery (fs|CDN)! service
using a high-level Intent (e.g., natural language) by
providing relevant service instantiation
endpoints/APIs.

UR-DistributedContinuum-2 The endpoints/APIs provided by the architecture
(t-DMO level) for service instantiation should allow
the tenant/PoC owner to specify service-level
constraints and requirements.

UR-DistributedContinuum-3 The architecture (t-DMO level) should allow the
tenant/PoC owner to view the defined service-level
KPIs and update their service if needed by
providing relevant service management
endpoints/APIs.

UR-DistributedContinuum-4 The architecture (t-DMO level) should allow the
tenant/PoC owner to request the termination of an
fs|CDN service by providing relevant service
termination endpoints/APIs.

UR-DistributedContinuum-5 The architecture (DMO and NCF levels) should
provide endpoints/APIs to receive Intents from the
upper levels and communicate the appropriate

1INTRACOM TELECOM - Full-Service Content Delivery Network
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action to the lower levels after the necessary
processing.

UR-DistributedContinuum-6 The architecture (t-DMO, DMO, and NCF levels)

should provide mechanisms/algorithms to
decompose the Intents from the upper levels and
translate them into actionable items for the lower
levels.

Similarly, Poc#2 is defined in deliverable D2.1, creating the user requirements specified in Table 4.

Table 4: User Requirements from PoC#2

User Requirements from PoC#2 - Metaverse

UR-ID

UR-Description

UR-Metaverse-1

The tenant DMO should allow tenants to design vertical services.

UR-Metaverse-2

The architecture (t-DMO level) should allow tenants/PoC owners to request
the location or tracking of target UEs using a high-level Intent (e.g., natural
language) by providing relevant service instantiation endpoints/APIs.

UR-Metaverse-3

The architecture (t-DMO level) should allow tenants/PoC owners to request
periodic updates about the location of target UEs in the form of a high-level
Intent (e.g., natural language) by providing relevant service instantiation
endpoints/APIs.

UR-Metaverse-4

The architecture (t-DMO level) should allow tenants/PoC owners to request
termination of periodic updates about the location of target UEs in the form of
a high-level Intent (e.g., natural language) by providing relevant service
instantiation endpoints/APIs.

UR-Metaverse-5

The endpoints/APIs provided by the architecture (t-DMO level) for UEs'
localization/tracking should allow the tenant/PoC owner to specify
appropriate trade-offs between location accuracy/tracking frequency,
precision and energy consumption either at the request time (for localization)
or during the service (for tracking).

UR-Metaverse-6

The Architecture (DMO and Network-Compute Fabric levels) should provide
endpoints/APIs to receive Intents from the upper levels and communicate the
appropriate action to the lower levels after the necessary processing.

UR-Metaverse-7

The architecture (t-DMO, DMO, and Network-Compute Fabric levels) should
provide mechanisms/algorithms to decompose the sensing Intents from the
upper levels and translate them into actionable items for the JASC functions at
the lower levels.

3.2 Tenant Domain Manager and Orchestrator (t-DMO)

One of the key innovations of 6G-INTENSE is simplifying the service management plan by shifting some
responsibilities to the vertical service owner. Recognizing that many verticals lack expertise in service
management, the t-DMO entity has been introduced. Unlike the DMO, the t-DMO does not own
infrastructure or enforce 6G services on top of the 6G network. Instead, it acts as an intermediary that
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sells 6G services to verticals. The t-DMO handles the vertical service lifecycle and hosts some
management and orchestration functions. The t-DMO establishes B2B agreements with DMOs, allowing
them to delegate certain service-level management functions. This way, the t-DMO resembles mobile
network operators (MNOs) and Mobile Virtual Network Operators (MVNOs) in 4G and 5G ecosystems.

This section outlines the functional and non-functional general requirements for the t-DMO, as
envisioned in the architecture proposed by 6G-INTENSE.

3.2.1 General Functional Requirements

Functional Requirements of the Tenant Domain Manager and Orchestrator (t-DMO)

FR-ID FR-Description

FR-TDMO-1 The t-DMO should allow tenants to design vertical services.

FR-TDMO-2 The t-DMO should allow tenants to request the instantiation of vertical services.

FR-TDMO-3 The t-DMO should allow tenants to specify their requests in a natural language.

FR-TDMO-4 The .t—DMO should allow tenants to enforce service-level constraints and
requirements.

FR-TDMO-5 The t-DMO should allow tenants to view the service-level KPIs.

FR-TDMO-6 The t-DMO should allow tenants to update their service requests.

FR-TDMO-7 The .t—DMO should allow tenants to request the termination of their vertical
services.

FR-TDMO-8 The t-DMO should allow tenants to monitor the cost of their service usage.

FR-TDMO-9 The .t-DMO .should allow tenants to enforce business requirements on their
vertical services.

FR-TDMO-10 The t-DMO sh01.11d integrate an Intent translation mechanism to map received
requests to service Intents.

FR-TDMO-11 The t-DMO should include a closed loop for vertical service management.

FR-TDMO-12 The t-DMO should collect service-level KPIs from the underlying service.

FR-TDMO-13 The t-DMO should propagate Intents to the DMOs using their exposed northbound
interface.

FR-TDMO-14 The t-DMO should only offer a restricted view of the vertical services.

FR-TDMO-15 The t-DMO should perform data analytics on service-level KPIs for continuous

closed-loop automation.

3.2.2 General Non-Functional Requirements

Non-Functional Requirements of the Tenant Domain Manager and Orchestrator (t-

DMO)
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NFR-ID NFR-Description

NFR-TDMO-1 The t-DMO should incorporate the latest LLM techniques for Intent
translation.

NFR-TDMO-2 The t-DMO should provide a portal to its vertical users.

NFR-TDMO-3 The t-DMO should operate an Autonomous Domain following the TMF

specifications and APIs.

3.3 Domain Manager and Orchestrator (DMO)

The Domain Manager and Orchestrator (DMO) offers Intent APIs towards uniform and consistent
capability exposure and service requests from different MNOs, resource pool owners, vertical
application providers, and B2B customers. The DMO operates an Autonomous Domain (AD) with a
Cognitive Intent Handler.

3.3.1 General Functional Requirements

Functional Requirements of the Domain Manager and Orchestrator (DMO)

FR-ID FR-Description
FR-DMO-1 The DMO interfaces should support Intent specifications.
FR-DMO-2 The DMO should expose a northbound interface for specifying service requests.
FR-DMO-3 The DMO should perform service design based on the received requirements.
FR-DMO-4 The DMO should incorporate decision engines to perform closed-loop control.

The DMO should incorporate Intent handler functions to process the received
FR-DMO-5

Intent.

The DMO should propagate Intent to the network compute fabric as a resource
FR-DMO-6

Intent.
FR-DMO-7 The DMO should operate in a limited administrative coverage area.
FR-DMO-8 The DMO should expose its capabilities to East/West DMOs.
FR-DMO-9 The DMO should leverage East/West interfaces to request service configurations in

other coverage areas.

The DMO should collect Intent reports regarding the infrastructure state from the
FR-DMO-10 :

network compute fabric.
FR-DMO-11 The DMO should have a global view of the network.
FR-DMO-12 The DMO should perform Intent renegotiation with the other functional blocks.
FR-DMO-13 The DMO should resolve conflicts over service requests.
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FR-DMO-14 The DMO should allow a resource owner to onboard a resource region.
FR-DMO-15 The DMO should allow a resource owner to delete a resource region.
The DMO should allow a resource owner to specify details regarding a resource
FR-DMO-16 . e -
region, such as coverage, capabilities, and pricing.
FR-DMO-17 The DMO should allow a resource owner to update a resource region.
FR-DMO-18 The DMO should allow a resource owner to remove a resource region.
FR-DMO-19 The DMO should adopt the generalized concept of service mesh.
FR-DMO-20 The DMO should perform topology-aware placement.
FR-DMO-21 The DMO should perform a cost/benefit analysis.
FR-DMO-22 The DMO should leverage the knowledge base from the Knowledge and Intelligence
to perform Intent actuation.

3.3.2 General Non-Functional Requirements

Non-Functional Requirements of the Domain Manager and Orchestrator (DMO)

NFR-ID NFR-Description

NFR-DMO-3 The DMO shquld leverage supervised/unsupervised learning models to perform
cause analysis.

NFR-DMO-4 The DMO should operate an Autonomous Domain following the TMF

specifications and APIs.

3.4 Network Compute Fabric (NCF)

A central element of the architecture proposed by 6G-INTENSE is the Network-Compute Fabric
Abstraction framework, which serves as a unifying layer for all Resource Orchestration Domains. It
abstracts these domains through Intent-based APIs, separating service orchestration from resource
orchestration to enhance scalability.

The Network-Compute Fabric (NCF) has emerged as a foundational technology in modern society,
characterized by a dynamic ecosystem where components seamlessly integrate, with advancements in
one area driving innovation in others. This global, scalable, innovative, and easily programmable
platform was generated by progress in wireless networking, cloud computing, and devices. Its
development has been propelled by two key trends: faster, more reliable connectivity and widespread
access to virtualized computational services. It is now rapidly evolving toward Al-powered cyber-
physical systems that will drive future applications.

This section outlines the functional and non-functional general requirements, along with the interfaces
and internal components that make up the NCF, as envisioned in the architecture proposed by 6G-
INTENSE.
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3.4.1 General Functional Requirements

Functional Requirements of the Network Compute Fabric

FR-ID FR-Description
FR-NCF-1 The Network Compute Fabric should allow adding a new resource pool.
FR-NCF-2 The Network Compute Fabric should allow updating resource pools.
FR-NCF-3 The Network Compute Fabric should allow the deletion of resource pools.
The Network Compute Fabric should allow the configuration of resource pool
FR-NCF-4 s
capabilities.
FR-NCE-5 The Network Compute Fabric should expose data regarding the state of
infrastructure.
The Network Compute Fabric should leverage a unified data model to expose
FR-NCF-6 . .
resources from different domains.
The Network Compute Fabric should allow service orchestration over multiple
FR-NCF-7 .
domains.
FR-NCF-8 The Network Compute Fabric should allow QoS enforcement.
FR-NCF-9 The Network Compute Fabric should translate the received resource Intent to local
policies.
FR-NCF-10 The Network Compute Fabric should support a range of LMOs.
FR-NCF-11 The Network Compute Fabric should integrate the highly volatile deep-edge
resource pools.
FR-NCF-12 The Network Compute Fabric should incorporate an SD-WAN controller.
FR-NCF-13 The Network Compute Fabric should support network programmability and QoS
specification.
FR-NCF-14 The Network Compute Fabric should perform self-healing for handling failures and
capacity exhaustion.
The Network Compute Fabric should perform self-optimization through detecting
FR-NCF-15 . :
and solving conflicts.
The Network Compute Fabric should perform automated (re) configuration of
FR-NCF-16 .
overlays to support service mesh deployments.
The Network Compute Fabric should abstract the underlying resource pools,
FR-NCF-17 . .
including the deep edge.
FR-NCF-18 The Network Compute Fabric should expose and abstract sensing information

generated by the underlying components.
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The Network Compute Fabric should determine the optimal deployment of the

FR-NCF-19 .
requested services.

3.4.2 General Non-Functional Requirements

Non-Functional Requirements of the Network Compute Fabric

NFR-ID NFR-Description

The Network Compute Fabric should leverage generative Al to generate on-the-fly

NFR-NCF-1 declarative configurations.

NFR.NCF.2 The Network Compute Fabric should leverage LLM to translate received resource
Intents.

NFR.NCE.3 The Network Compute Fabric should leverage RLHF to negotiate Intent and resolve

conflicts.
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4 Knowledge and Intelligence

The 6G-INTENSE architecture is driven by data, knowledge, and intelligence, introducing advanced
features to ensure end-to-end trustworthiness. This is enabled through novel Al/ML agents, Zero-Touch
Management, and Orchestration, which play a leading role in network management and automation.
Hence, one of the key innovations of the 6G-INTENSE architecture is the Native Al paradigm, as stated
in section 2.2.1. In this section, the functional and non-functional requirements of the components of the
Native Al toolkit are listed. The Native Al toolkit includes several automation techniques. We evaluate
the requirements for:

- Zero Touch Management (ZTM)
- Workflow Automation for ZTM
- Machine Reasoning
Reinforcement Learning

4.1 Zero Touch Management

Zero Touch Management (ZTM) represents the automation backbone of the 6G-INTENSE framework to
enable fully autonomous operation through disaggregated decision-making and knowledge
management. It incorporates essential components such as an Intent Handler for advanced reasoning
and conflict resolution, enhanced domain control loops for intent assurance, and a Domain Intelligence
module to support distributed knowledge management. ZTM leverages cutting-edge Al techniques,
including LLM-based reasoning and reinforcement learning algorithms, to ensure efficiency, scalability,
and alignment with the intent-driven vision of 6G. To realize this, this section specifies the functional
and non-functional requirements of ZTM.

4.1.1 General Functional Requirements

Functional Requirements for the Zero Touch Management

FR-ID FR-Description

FR-ZTM-01 The system shall integrate LLM-based Intent Reasoning into the Intent Handler to
facilitate decision-making and automate Intent management in Autonomous
Domains.

FR-ZTM-02 The Intent Handler shall support LLM-driven natural language understanding to
translate user Intents into actionable tasks and manage service requests using
TMF 921 APIs.

FR-ZTM-03 The system shall incorporate LLM-assisted Model Reasoning to support inner-

loop decision-making processes for real-time Intent actuation and assurance.

FR-ZTM-04 The Domain Intelligence Module shall leverage LLMs to manage decentralized
knowledge and context building across Autonomous Domains for optimized
decision-making.

FR-ZTM-05 To ensure seamless service delivery, the system shall provide a mechanism for
LLM-driven renegotiation of conflicting Intents through RLHF and Hierarchical
Reinforcement Learning (HRL) techniques.

FR-ZTM-06 The system's internal APIs shall support LLM integration and define the
interactions between the Intent Handler and other automation components.

FR-ZTM-07 The system shall follow the TMF standards for LLM integration and address gaps
with custom APIs or enhancements to existing standards.

©6G-INTENSE Page | 35




CGUINTENSE:

D2.2 Initial Requirements of Architecture Components and Zero-touch automation

4.1.2 General Non-Functional Requirements

Non-Functional Requirements for the Zero Touch Management

NFR-ID

NFR-Description

NFR-ZTM-01

The Zero-Touch Management system shall ensure real-time responsiveness for
service instantiation and reconfiguration, with delays not exceeding 5
milliseconds for critical operations.

NFR-ZTM-02

The system shall guarantee the usability of the zero-touch interface, providing
intuitive management and control mechanisms for operators even with
increasing system complexity.

NFR-ZTM-03

The system shall ensure data consistency across all autonomous domains, with
mechanisms to maintain a synchronized state even in a distributed
environment.

NFR-ZTM-04

The Intent Handler within the Zero-Touch Automation system shall provide
conflict resolution capabilities with minimal human intervention, ensuring
services are not disrupted.

NFR-ZTM-05

The system shall ensure seamless integration of zero-touch automation with
LLM-based Intent management and domain intelligence modules, avoiding
compatibility issues.

NFR-ZTM-06

The system shall offer auditability of automation decisions, providing detailed
logs and reports on how it autonomously managed services and resolved
conflicts.

NFR-ZTM-07

The system shall be energy-efficient, using optimal resource allocation and
automated workload distribution to minimize energy consumption during
service orchestration.

NFR-ZTM-08

The system shall ensure failure recovery in less than 5 seconds, with automated
failover mechanisms in place for critical domain control and orchestration
functions.

4.2 Workflow Automation for Zero Touch Management

Workflow Automation for Zero Touch aims to optimize operational procedures for seamless, fully
autonomous service management. It integrates intent-based automation with decisive Al-driven
decision-making to provide effective task execution, conflict resolution, and resource coordination
across several domains. This section will outline the functional and non-functional requirements for

workflow automation.

4.2.1 General Functional Requirements

Functional Requirements for Workflow Automation

FR-ID

FR-Description

FR-WA-01

The system shall be able to understand different Intent requests and define a
workflow for deploying/configuring a network service.
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FR-WA-02 The system shall be able to learn from examples of workflows and adapt them to
generate a new one.

FR-WA-03 The system shall be able to validate the workflows before proceeding with the
operations associated with the network services.

FR-WA-04 The system should be able to change proactively its configuration to ensure
compliance with the predefined SLAs.

FR-WA-05 The system should be able to interact with the NCF to adapt the current resource
allocation to fulfill the SLAs defined in the Intent.

FR-WA-06 The system should be able to broadcast its status to the Intent handler to update
the Intent report information if needed.

FR-WA-07 The system can use external LLM Planners when a new workflow plan is needed.

FR-WA-08 The system should know about the inner components of the DMO and NCF.

Moreover, it should know about the different autonomous domains' locations and
capabilities. This will enable it to perform actions like service migration on-demand
or proactively.

4.3 Reasoning

The Reasoning module is essential to convert high-level business objectives into actionable
orchestration policies aligning with industry standards and best practices such as the TMF standards. It
uses LLMs and neuro-symbolic artificial intelligence techniques to facilitate logical reasoning, dynamic
goal interpretation, and resource allocation for service instantiation. In this section, we specify the
functional requirements needed to achieve the primary objectives of the reasoning module.

4.3.1 General Functional Requirements

Functional Requirements for Reasoning

FR-ID

FR-Description

FR-R-01

The reasoning module must use LLMs to process and understand high-level business
Intents, such as TMF 921, and convert them into actionable orchestration policies essential
for Service Ordering.

FR-R-02

The reasoning process uses a Neuro-symbolic Al-based technique to provide logical
reasoning capabilities and ensure that the abstract goals, i.e., messages following TMF 921,
are aligned with the technical constraints, i.e., there might exist some dependencies for
some resources, such as standards like TMF 641. LLMs enhance flexibility in goal
interpretation as part of Service Ordering.

FR-R-03

The reasoning process must select appropriate resources for Service Instantiation based
on real-time conditions, i.e., the following information related to Service Ordering, which
can be defined by APIs such as TMF 641.

FR-R-04

The reasoning process must use business logic to prioritize premium customers or
services, ensuring better quality resources and service placement as part of Service
Instantiation.
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FR-R-05

The reasoning process must allow rule relaxation to ensure flexibility in resource
provisioning, particularly when rigid constraints cannot be met due to dynamic conditions
during Service Instantiation.

FR-R-06

The reasoning process must continuously monitor SLA compliance and adjust resource
allocations in real time, ensuring service objectives are met (Service Assurance).

FR-R-07

The reasoning process proactively detects resource or performance failures and
implements adaptive retry mechanisms to ensure service continuity (Service Assurance).

FR-R-08

The reasoning process must apply rule-based logic to select the most suitable resource
pools or nodes that align with business goals and performance criteria (Service Assurance).

FR-R-09

The reasoning process must trigger context-specific decisions that align with both business
objectives (e.g., business objectives like those defined by TMF 921) and technical
constraints (e.g., service ordering constraints like those presented in TMF 641) (Service
Instantiation/ Assurance).

FR-R-10

The reasoner should be able to learn from past decisions and performance metrics,
improving its reasoning capabilities over time (Service Assurance).

4.4 Reinforcement Learning

The Reinforcement Learning (RL) module enables intelligent and adaptive decision-making within the
6G-INTENSE framework. It incorporates advanced RL techniques, such as RLHF and HRL, to optimize
intent propagation, conflict resolution, and autonomous service management across multiple domains.
This section specifies the functional and non-functional requirements necessary to implement these

capabilities.

4.4.1 General Functional Requirements

Functional Requirements for Reinforcement Learning

FR-ID FR-Description

FR-RL-01 The system shall define the design of a Native Al Toolkit, which includes reusable
components for implementing both RLHF and HRL algorithms in Intent
propagation.

FR-RL-02 The system shall incorporate HRL techniques to optimize decision-making across
multiple layers of the automation architecture.

FR--RL-03 The system shall leverage RLHF to allow human feedback for adjusting and refining
LLM-based decisions, ensuring human-in-the-loop optimization for critical tasks.

FR--RL-04 The Domain Control Loop shall be adapted to support RL-based decision-making
for autonomous service management, enabling Intent actuation and continuous
assurance.

FR--RL-05 The system shall ensure RL techniques are implemented in the Intent Handler for

conflict resolution, particularly for renegotiating resource or service conflicts.
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FR--RL-06 The system shall optimize energy efficiency and performance by applying RL
techniques to reduce computational overhead and ensure sustainability in real-
time decision-making.

FR--RL-07 The Domain Intelligence Module shall support decentralized context-building
techniques using RL for scalable knowledge management across multiple domains.

FR--RL-08 The system shall provide performance benchmarks to assess the effectiveness of

RL algorithms in Intent propagation and service delivery across Autonomous
Domains.

4.4.2 Non-General Functional Requirements

Non-Functional Requirements for Reinforcement Learning

NFR-ID NFR-Description

NFR-RL-01 The system shall ensure real-time learning capabilities in RL-based decision-making,
focusing on quickly adapting to changing network conditions and demands.

NFR-RL-02 The system shall optimize energy efficiency for RL operations by minimizing
computational overhead and ensuring that training and inference processes do not
overburden resources.

NFR-RL-03 The system shall maintain robustness in RL algorithms, ensuring they can handle noisy,
incomplete, or inconsistent data without compromising decision accuracy.

NFR-RL-04 The system shall support scalability in RL algorithms, enabling the deployment of RL-
driven decision-making across multiple layers of the automation architecture.

NFR-RL-05 The RL components shall maintain model accuracy over time, with mechanisms in place
to periodically retrain models to prevent performance degradation.

NFR-RL-06 The system shall implement security measures to prevent tampering with RL decision-
making processes and ensure that learning and inference are secure from external
threats.

NFR-RL-07 The system shall support human-in-the-loop feedback mechanisms for fine-tuning RL-
based decisions, allowing operators to intervene in critical scenarios without disrupting
automation.

NFR-RL-08 The system shall ensure the explainability of RL decisions, providing transparency and

insight into the reasoning behind automated decisions to build trust in autonomous
operations.
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5 Conclusions

This deliverable describes the Initial Requirements of architecture components and Zero-touch
automation for the 6G-INTENSE. It evaluates the state-of-the-art Research Initiatives and presents the
6G-INTENSE Architecture pillars.

This document specifies the different user requirements for the DIMO framework, considering the PoC
described in D2.1. Furthermore, it represents the various components of the DIMO and their functional
and non-functional requirements. From analyzing these requirements, the 6G-INTENSE project will
propose the Initial 6G-INTENSE Architecture in deliverable D2.3.

The 6G-INTENSE project follows a Native Al paradigm; therefore, this deliverable presents the principal
methods for ensuring Zero-Touch Automation. We also detail the functional and non-functional
requirements for these methods.

In summary, the document presents different expectations for the innovations that will be part of the
Initial Architecture of 6G-INTENSE.
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