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1. Executive Summary 
With the adoption of 6G in the market, a change of business flows and stakeholder relationships 
are expected to be triggered. With a wider adoption of federation technologies, resource sharing, 
and interoperability standards, networking resources (including those of testbeds) would become 
less locked-in to specific industrial application providers (and vice versa). 6G adoption would 
significantly change the focus of performance metrics. 

The initial version of the document (D2.1) tackles the prediction of such market change. It 
describes the outcome of Task 2.1 (“Business requirements analysis and Use Case scenario 
definition”), Task 2.2 (“Requirements and specifications for the Federation of the Facility”), and 
Task 2.3 (“Requirements and Specifications for the 6G library and Experimentation Plane”). 

The following aspects are addressed in this document: 

• The methodology of deriving future business requirements is proposed. To do so, we 
followed methods and instruments based on common industry and novel practices, 
including stakeholder interviews to the consortium partners. Twelve group of 
requirements emerged which include interoperability, Modularity, Security / Privacy / 
Isolation, Resource Management, Edge Computing Support, Resilience, Sustainability, 
Regulatory / Ethics Compliance, Documentation, Governance, Testbed Operation, and 
Application Deployment / Usage. 

• Major stakeholders and members of business flows are identified and structured into 11 
roles. These encompass application, testbed, provider/supplier, standardization, and 
research-related functions, all of which are broadly covered by the SUNRISE-6G 
consortium. 

• A business value chain is constructed and described, and stakeholder relations are outlined. 
In doing so, we outlined the activities that each stakeholder undertakes to deliver a valuable 
product or service to the market. Note that, the testbed-related functions play a central role 
in this business value chain.  

• The functional requirements of the federation solution are addressed from an ecosystem 
and role perspective. These focus on the federation of operators' systems and the 
integration of AI-driven capabilities. The requirements address key aspects such as 
interconnection, AI capabilities -including the E2EAI toolkit and decentralized MLOPS and 
6G experimentation facilities. 

• The 6G library and experimentation facility requirements are addressed. The SUNRISE-6G 
project offers a comprehensive repository of 6G enablers that includes beyond-5G 
technologies, frameworks, and modules accessible for external experimenters through the 
pan-European experimentation facility that the project will deliver. This library includes 
breakthrough advancements in RAN devices, cognitive orchestration capabilities, and test 
frameworks that support various needs, from cybersecurity validation to energy efficiency 
assessment. Furthermore, the library will also include a diverse array of newly developed 
components, such as an O-RAN-enabled Digital Twin, Reconfigurable Intelligent Surfaces 
(RIS), Multi-Radio Dual Connectivity (MR-DC), and AI-driven decision engines. 

• The three use cases (UCs) for the SUNRISE-6G platform are defined and elaborated. From 
the selected use cases, the most relevant scenarios are chosen to showcase the maximum 
benefit of SUNRISE-6G solutions. These include experiments such as federated metaverse, 
collaborative robotic exploration of mining environments, mobile industrial assets on NTN 
infrastructure, and user (PLMN) multi-connectivity over NTN. A fine-grained description of 
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the scenarios is accompanied by specific 6G enablers relevant to each UC. Additionally, 
functional and non-functional requirements are defined for each UC. 

Therefore, the purpose of the deliverable is to provide a complete picture of the market's future, 
its actors, business flows, and requirements for the technology, as well as define specific UCs for 
federation and 6G technologies and analyse current technological gaps. The requirements for the 
SUNRISE-6G system based on the future market demands provided in this document (D2.1) will 
be refined and finalised in the following version of the document (D2.3), due for submission by 
June 2025. Suggested requirements, both initial and final, would also assist planning of initial 
(D2.2) and final (D2.4) SUNRISE-6G architecture. 
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2. Introduction 
This deliverable provides a comprehensive overview of the work conducted within three pivotal 
tasks of the SUNRISE-6G project, aimed at addressing market, business, technological, and 
operational aspects critical to developing 6G technologies and ecosystems. 

The first task focuses on a market and business analysis, exploring an innovative business model 
that separates service management from resource management. This paradigm shift creates 
opportunities to disrupt the market by enabling the participation of new actors, such as owners of 
extreme-edge nodes. Concurrently, a technology exploration step identifies existing capabilities 
and the gaps that 6G technologies can bridge to fulfil the project’s UC-enabling service 
requirements. These insights guide the definition of detailed UC requirements and objectives, 
including their technical parameters, applications, and Key Performance Indicators (KPIs)/Key 
Value Indicators (KVIs), which serve as blueprints for implementation. 

The second task emphasises eliciting requirements for the interconnection and federation of the 
SUNRISE-6G facility. It outlines specifications for testbed interconnections, the Open Federation 
Framework and AI Federation approaches, enabling seamless end-to-end (E2E) service delivery. 
This task incorporates standards analysis (e.g., GSMA, ETSI, 3GPP) to ensure alignment and 
address gaps, laying the groundwork for WP3’s federation solution. 

The third task defines the experimentation framework, including APIs for Test Cases and Testing-
as-a-Service (TaaS). It integrates these with the 6G Library of components, exposing them to 
external experimenters while considering the maturity levels of testbeds like SLICES-RI. This effort 
maps identified requirements for functional and architectural designs, enabling cohesive 
development across project WPs. 

The results from these tasks underpin the SUNRISE-6G vision, ensuring that foundational elements 
are in place for innovative 6G-enabled services, architectures, and applications. 

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

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

SUNRISE-6G 
Task No. and 

Title 
SUNRISE-6G GA Task Description 

Respective 
Document 
Chapter(s) 

Justification 

T2.1 “Business 
requirements 
analysis and Use 
Case scenario 
definition” 

This task will perform a market and 
business analysis as in SUNRISE-6G 
envision a new business model by 
separating the service management from 
the resource management, creating a 
unique opportunity to disrupt the market 
to allow the entrance of new actors such 
as those owning extreme-edge nodes. 
Further, the task will perform technology 
exploration, as a step of the Use Case 
requirement definition process, during 
which we aim to identify fundamental 

Chapter 3 
& 

Chapter 7 

This document 
provides a market 
and business analysis 
in the context of novel 
business models 
SUNRISE-6G will 
allow. Technology 
exploration is 
performed, resulting 
in a gap analysis of 6G 
enablers for each UC 
defined. Sets of 
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elements that existing technologies can 
already deliver to SUNRISE-6G use cases 
and discover what is the gap which can 
be filled by 6G technologies developed in 
the project. Moreover, as part of this task 
the Use Case requirements and 
objectives, including their components, 
applications and business KPIs and KVIs, 
addressing their target values. The use 
cases in all testbeds will be 
parameterized in detail, determining all 
the technical parameters that may affect 
their implementation and refining them 
to the level of detail required for 
conducting the project effectively. The 
detailed use case definitions 
and requirements will act as blueprints 
for their implementation.  

requirements 
resulting from the 
business analysis and 
UC definition process 
are provided. UC 
main objectives are 
determined, and key 
components are 
described in a high-
level manner. 

T2.2 
“Requirements 
and 
Specifications 
for the 
Federation of 
the Facility” 

This task performs the elicitation of 
requirements for the interconnection 
and federation of the SUNRISE-6G 
facility, in terms of testbed 
interconnection (e.g., via GEANT VPN 
links) software aspects (i.e., the Open 
Federation Framework) which is 
implemented in T3.1 and T3.2. Those will 
be mapped to the specifications of 
functionalities and operational 
capabilities to be offered to vertical 
service providers while making use of the 
federated facilities, as well as the 
required interactions among the 
distributed federation platforms in order 
to deliver an end-to-end service chain. 
Additionally, this task will deliver the 
requirements and specifications of the AI 
Federation approach, fully defining the 
internal components of the E2EAI toolkit 
and its decentralized MLOPS workflows. 
Such detailed requirements and 
specifications are oriented to allow the 
vertical service providers to natively 
exploit the capabilities of the mobile 
network, while leveraging on the 
extended capabilities and flexibility 
offered via the aggregation of multiple 
facilities. Suitability of available reports 
and recommendation documents from 

Chapter 4 
& 

Chapter 6 

This document 
provides an initial 
version of 
requirements for the 
interconnection and 
federation of the 
SUNRISE-6G facility: 
testbed 
interconnection and 
software aspects. AI 
Federation approach 
is examined and 
detailed 
requirements to both 
the E2EAI toolkit 
components and the 
decentralized MLOPS 
workflows are listed. 
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related standardization activities (i.e., 
GSMA, ETSI, 3GPP) will be analysed, with 
the aim also to fulfil any identified gaps. 
The output of this task will serve as a 
blueprint for the design, development, 
and implementation of the federation 
solution in WP3. 

T2.3 
“Requirements 
and 
Specifications 
for the 6G 
library and 
Experimentation 
Plane” 

This task will lay the foundations for 
subsequent development work related to 
the development of the experimentation 
plane in T3.3 (Portal Service) and ILDM 
functionality (T3.4) as well as of the new 
6G library of components developed 
within WP4. This task will also define the 
experimentation APIs of Test Cases, 
which are linked with the 6G Library of 
components and make them externally 
accessible by experimenters outside the 
project. The involved technologies, 
methods, and the SUNRISE-6G approach 
to Testing-as-a-Service (TaaS) which 
involves People, Process, and Data 
handling aligned with the EOSC. The 
maturity levels of the underlying 6G 
Library components and testbeds are 
also taken into account (e.g., SLICES-RI 
Phase 4 testbeds expose all assets via 
fully converged APIs and 
experimentation tools). The identified 
requirements will then be analysed and 
mapped to functional requirements and 
serve as basis for the architecture design 
and technical specifications definition. 

Chapter 5 

This document 
outlined the initial 
requirements for the 
experimentation 
plane and IDLM 
functionality, as well 
as the requirements 
for the 6G library 
components to be 
developed by the 
SUNRISE 6G project.  

Deliverable Description 

Deliverable D2.1 – Report on Requirements 
Description of Requirements analysis of Use Cases, Federation solution, 6G library and 
experimentation facility and scenario definition. Use cases definition. 

2.2. Deliverable Overview and Report Structure 
Chapter 3 provides an extensive business requirement analysis. It outlines the methodology used 
and the results acquired. It also outlines business/project roles (description and consortium 
representation), value chain, business requirements, and technical features classified by topic. 

Chapter 4 lists functional requirements driven by the technologies to be supported rather than 
business value. Functional requirements touch upon key aspects of the SUNRISE-6G platform: the 
Ecosystem approach, Federation capabilities, and AI/ML Federation, from the angle of the 
Operator Platform concept. 
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Chapter 5 outlines requirements for other aspects of the envisioned SUNRISE-6G platform. This 
includes various 6G enablers to be investigated during the project, experimentation plane 
requirements, and Intent-Driven Lifecycle Management (IDLM) functionality.  

Chapter 6 provides an overview of functional test planning. Each functional test is described in 
more detail, along with the desired workflow, target components, and KPIs. 

Chapter 7 consists of three proposed UCs, which are possible only in the context of the SUNRISE-
6G project. This includes scenarios, technical features, and gaps in the 6G enablers needed for each 
UC. 
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3. SUNRISE-6G Business Analysis 
SUNRISE-6G envisions a new business model that separates service management from resource 
management. This vision encourages infrastructure sharing and collaboration among Mobile 
Network Operators (MNOs). Still, it also creates a set of unique opportunities to allow the entrance 
of new actors, such as those owning extreme-edge nodes. Thus, new business models are 
envisioned where third parties can offer their resources to an overarching 6G “Network of 
Networks”. 

To prepare the industry for the coming changes and ensure the correctness of the proposed 
research within the SUNRISE-6G project, emerging business processes must be modelled and 
analysed, and installed in specific industrial UCs. Therefore, this section gives an overview of the 
business requirements, following the Business Analysis Framework described in [1] towards the 
first design of the SUNRISE-6G business models. To do so, this analysis is centred around three 
main pillars:  

1. UCs and Proof of Concept (PoC) analysis (e.g., description, objectives, challenges, value 
proposition, actors and roles, value chain); 

2. Societal and business impact (e.g., business requirement questionnaires, collection, 
consolidation and results structuring, business requirements outcome); and 

3. Market overview (e.g., verticals, related products and services, industrial initiatives, value 
chain analysis). 

3.1. Objectives for Business Requirements Analysis 
To approach the business requirement analysis and the identification of novel business processes 
surrounding SUNRISE-6G, three main objectives are tackled in this document: 

1. Identification of the main stakeholders and grouping them by role according to their 
commonalities.  

2. Identification of the relation between these stakeholders, including the value chain 
associated with their business flow. 

3. Identification of the main business requirements and their categorisation according to the 
targeting technical feature or area of expertise, as well as related to business roles 

3.2. Methodology to derive Business Requirements 
This section describes the methodology followed to achieve the abovementioned objectives. The 
methods and instruments were based on common industry and novel practices, proposed by the 
SUNRISE-6G Consortium [1] . 

To collect and analyse the SUNRISE-6G business requirements, the following research methods 
were applied: 

• Stakeholder identification and business roles proposal with the consortium, based on 
traditional business roles with granularisation based on 6G services separation. 

• Consortium questionnaires include stakeholder interviews, targeting requirements 
elicitation, business roles balance estimation and business flow collection. 

• Requirement’s specification and analysis, including ensuring consistency in 
terminology, clarification and filtering. 

• Value Chain composition is a visual documentation of business processes and 
dependencies between roles. 

• Correlation analysis of roles based on roles claimed by the Consortium. 
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• Technical features analysis as a part of the market demand landscape analysis. 

3.2.1.  Stakeholders Identification and Business Roles 

An initial set of business roles was distributed to the partners for self-identification. After soliciting 
answers, several new roles were added. The following list is the result of all identified business 
relations actors. 

• Application Business Owner (ABO): stakeholder responsible for setting the UC within the 
experimentation plane. Acts as a mediator between end users and all other testbed-related 
members of business relations organises and manages services to be provided by the 
testbed, and does not act as a direct consumer. 

• Application User (AU): vertical end users (consumers/prosumers). This group is the 
project's targeted audience, which resides at the forefront of the value chain. SUNRISE-6G 
is expected to bring real value to end users with a complete thing-to-cloud value chain. It 
will provide new experiences with new innovative services and applications. The public will 
better understand how novel services that demand beyond today’s 5G performance 
characteristics can be used to provide better experiences for future-looking services with 
guaranteed Quality of Experience (QoE). 

• Testbed Business Owner (TBO): a stakeholder capable of leasing testbed resources on a 
commercial basis, separated from maintenance or specific operations. Acts as a testbed 
service provider, confirming Service-Level Agreements (SLAs) for testbed services can be 
achieved. 

• Testbed Feature Contributor (TFC): Testbed facility stakeholders or external contractors 
mainly focus on extending testbeds' technical features/frameworks. This role expands the 
testbed's capabilities, thus widening the variety of experiments it can execute. 

• Testbed Operator (TO): stakeholder responsible for carrying out tests and maintaining 
the testbed. Fulfils SLA agreements, define restrictions for possible tests on the testbed, and 
ensure its availability. 

• Testbed Federation Provider/Integrator (TFPI): testbed facility stakeholder or external 
contractor responsible for unifying APIs/VPN access and deploying federation components 
to integrate a testbed into a larger pool of testbeds as an equal resource. 

• Network/Cloud Provider (NCP): testbed facility stakeholder or external contractor 
providing network connectivity or cloud storage services. 

• Technology Provider (TP): external contractor providing services for experimentation 
plane UCs.  

• Equipment Vendor/Supplier (EVS): testbed facility stakeholder or external contractor 
providing hardware components such as compute units/devices or network controllers. 

• Standardisation (S): stakeholder with active participation in various standardisation 
organisations, contributing to new standards, bringing in new requirements to identify and 
fill gaps, and evolving existing standards related to 6G architectures. 

• Researcher (R): stakeholder focusing on research and development activities. 

Roles existing in the market as a third party and only indirectly partaking in the business flows 
include:  

• Regulators and digital policy makers (SUNRISE-6G member states),  
• Industrial associations (SNS JU, 6G-IA, peer SNS JU and ongoing 5G-PPP projects). 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 21  

Table 2 summarises the self-identification results within the SUNRISE-6G project. Project roles are 
also compared using the same acronyms, as roles within the project represent future business 
roles on the market. The role distribution is presented in Figure 1.  

Table 2: Project and business roles of the SUNRISE-6G Consortium 

Role acronym Partners (project) Partners (business) 

ABO I2CAT, FhG, SIE, CNR  I2CAT, FOG, SIE, UOULU 

AU GRW, SIE GRW, SIE 
TBO OTE, I2CAT, eBOS GRW, SIE, FhG, OTE, I2CAT, eBOS, UOULU 

TFC 
I2CAT, FhG, LTU, NCSRD, INF, 
VTT, ISRD, JUN, LEN, ALB, ISI, IQU 

I2CAT, FhG, NCSRD, INF, VTT, ISRD, JUN, 
LEN, ALB, FOG, UTH, UOULU, IQU, ISI 

TO 
I2CAT, FhG, LTU, SIE, THA, 
NCSRD, CNR, VTT, UTH, EUR, KUL, 
eBOS, ISI 

I2CAT, FhG, LTU, SIE, NCSRD, CNR, VTT, 
UTH, EUR, KUL, eBOS, OTE, UOULU, ISI 

TFPI I2CAT, THA, NCSRD, VTT, ALB, ISI 
I2CAT, NCSRD, VTT, ALB, GRW, JUN, EUR, 
UOULU, ICOM, ISI 

NCP I2CAT I2CAT, ISRD, ICOM  
TP - IQU, IBM, NHAP, ICOM 
EVS - SIE, GRW 
S FOG, JUN, LEN JUN, LEN 

R 
CNIT, I2CAT, SIE, NCSRD, INF, 
VTT, ISRD, IBM, EUR, LEN, eBOS, 
ALB, ISI, IQU 

CNIT, I2CAT, NCSRD, INF, VTT, ISRD, IBM, 
EUR, LEN, ALB, OTE, UTH, eBOS, LTU, 
KUL, FOG, THA, CNR, UOULU, ICOM, ISI, 
IQU 

 

 

Figure 1: Role distribution 

It is worth pointing out that not all business roles are represented within this project. The 
Technology Provider is absent because the testbeds already support the required UC specific 
services. Still, the Testbed Feature Contributor role covers new features to be introduced in the 
testbed. Likewise, the Equipment Vendor/Supplier is absent for the same reason. 
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Overall, the table above can assess the distribution of business roles in the market in the early 
stages of adopting 6G technologies. Most of the target audience would be occupied by testbed-
related entities (such as TFC, TO, TFPI, TBO) and R. This, in fact, seems to point to a new business 
trend focused on testbed services, where a controlled environment for testing and validating new 
technologies, products, and services can be offered “as-a-Service”, the so-called TaaS. 

This tendency is also hinted at when running clustering analysis. Figure 2 shows the occurrences 
of pairs of project roles within the consortium. A visible testbed-related cluster (TFC, ABO, R, TBO, 
TFPI, TO) is formed, where the most represented triplet is TFC-TO-R. In addition, there is also a 
strong correlation between the pairs TO-TBO and TO-TFC. 

 

Figure 2: Schematic binary relation of project roles1.  

Despite the concept of TaaS having already been explored, its business model is still evolving. In 
particular, testbed federation capabilities present a new business opportunity where testbed 
operators offer their capabilities to other testbed operators or even to new players assuming the 
role of Testbed Federation Provider/Integrator. 

3.2.2. Business Value Chain Analysis 

Given the relationship among the identified stakeholders, their business value chain was 
established in order to display the business flows in an easily readable way.  

The state-of-the-art diagram was presented and then extended in its first iteration with partners’ 
feedback and corrections. The outcome of the Business Value Chain is presented in Figure 3. 
Business roles are colour-coded as follows: testbed-related roles in blue, application-related, 
research, and standardisation roles in red, and third-party suppliers of services in yellow. 
Monetary flows are coloured in black, knowledge and technology-provider flow in blue, colour 
coded as follows: testbed-related roles in blue, application-related, research and standardisation 
roles in red, and the requirements passed in orange. 

 

1 Solid lines connect pairs of roles which combined characterise more than 3 partners, and bold lines – more than 5 
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Figure 3: SUNRISE-6G Business Value Chain 

At the core of the business value chain are the roles related to Testbed and facility aspects 
(depicted in Blue), serving as the foundation for the entire business ecosystem. These central roles 
drive the primary activities for the revenue streams, from which other satellite value chains are 
branched, namely towards the applications and user, researchers and standards contributors, and 
service/network/cloud providers and equipment vendors/suppliers. This interconnected 
structure ensures that while the core roles drive essential services, strategic direction, and 
innovation, the satellite chains support and enhance the overall value creation. Within all these 
interactions and business relationships between stakeholders, a robust and dynamic business 
model is created from which partners can assess their potential business gain from exploiting the 
outcomes of the SUNRISE-6G project. 

3.3. Business Requirements Specification and Analysis 
Soliciting the business requirements is the most important part of analysing market relations. They 
directly represent what is needed to gain business value from federation and 6G solutions.  

As the 6G library, enablers, and federation technologies are futuristic, business value can only be 
anticipated based on project partners’ feedback. As a result, consortium feedback on what they 
envision as generated business value was consolidated. Collected requirements were sorted into 
sections, based on the overall area of features. 
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3.3.1. Business Feature Requests Analysis 

As per the initial survey, we have received around 100 requirements and sorted them into 12 
categories. Filtered and reformulated requirements are listed in Table 3 to Table 14. 

Table 3: Business requirements and roles for Interoperability Category 

Topic Interoperability Requirement Roles 

Compatibility 

Ensure seamless communication and data exchange among 
several network architectures. 

NCP 

Demand seamless integration with existing research tools 
and platforms to facilitate workflow efficiency.  

R 

Communication platforms/services shall be interoperable 
with existing network and infrastructure resources and other 
active services. 

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NCP 

Data / 
Information 
Models 

Define common descriptions of the services/experiments the 
Application Users / Application Business Owner provided, 
including functionality, behaviour, and usage information. 

AU, TBO 

Federation 

In the context of TaaS, the federation must control the total 
capacity requested for the testbed and not exceed a 
maximum ratio for main resources (CPU/RAM/network). 

TFPI 

The federation solution and the 6G enablers must be 
compatible with the defined standard and not use a particular 
interface implementation. 

TFPI 

Ensure compatibility and integration with the Open 
Federation Framework, allowing researchers to deploy and 
test vertical applications across federated infrastructures. 

R 

Provide federation interfaces and methods via APIs TFPI 

Provide structure and process for inviting external testbeds 
into the federation agreement, an SLA-type business 
agreement that defines the new testbed's role and 
capabilities (profile). 

TFPI 

Testbed federation should be exposed to an ORAN API TFPI 

Ensures testbed federation via east/westbound 
communication will be established among the testbeds. 

R, S, TO 

Execute experiments in a federated manner. R 

Interfaces 

Offer interfaces that allow the RIS to be controlled through 
the network or the UE. 

 TFC 

Ensure well-defined processes and interactions for 
integrating new or other network components and services 
with minimum configuration effort and transparency. 

TO, TFC 

Comply with 3GPP standards and guidelines to ensure 
compatibility and interoperability with other 6G 
infrastructures and technologies. 

 TP, EVS, S, NCP 
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Define consistent interfaces for interacting with the testbeds. 
These interfaces ensure uniformity and ease of integration. 

TBO, TO 

Ensure the use and support of Camara APIs for consistent and 
standardised interaction with the testbeds. of UCs and 
features. 

R, TFC 

Ease the interaction with the testbeds via Camara APIs. R, S 

Use APIs and management tools to access Provider resources. NCP, EVS  

Use API and tools to access the providers' resources. EVS 

Standards 

Adhere to open standards to facilitate interoperability and 
ease of integration with existing and future 6G 
infrastructures and enablers. 

 R, S, TFC, EVS 

Deliver implementations that will be fully compliant with the 
standards. 

TO, FPI 

Adhere to open standards and promote interoperability with 
other 6G infrastructures and technologies. It should support 
seamless integration with existing and future experimental 
facilities. 

TBO, TO 

Support standardised interfaces and technologies. This 
ensures uniformity and ease of integration. 

TFC, S, EVS 

Tooling 
Provide a common set of tools and technologies to deliver 
testbed functionalities. 

TO, TFPI 

 

Table 4: Business requirements and roles for Modularity Category 

Topic Modularity Requirement Roles 

Customisation 

Building and integrating custom approaches in the 
federation system logic is possible. 

R 

Third parties can add custom features and functionalities to 
the federation of testbeds. 

TFC 

Extensibility 
Allow testbed facilities to be connected to external 
devices/custom labs as part of the experiment setup. 

SP 

 

Table 5: Business requirements and roles for Security / Privacy / Isolation Category 

Topic Security / Privacy / Isolation Requirement Roles 

Isolation 

Ensure that experiments run in isolated environments, 
preserving data privacy and preventing interference between 
concurrent experiments. 

TO 

Isolation of Experiments Execution ABO, TBO 

Maintain the testbed's ability to support multiple users and 
applications simultaneously without interference. 

TO, NP 
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Privacy 

Implement robust security measures to protect data and 
privacy across interconnected networks and devices. 

S, TO 

Expect robust data security and privacy measures to 
safeguard sensitive research data and ensure compliance 
with regulations.  

R 

Incorporate robust security measures and privacy safeguards 
to protect sensitive data and ensure compliance with relevant 
regulations, such as the General Data Protection Regulations 
(GDPR). 

R, TBO, TO, 
ABO, AU 

Security 

Ensure that no intrusion into the software or infrastructure is 
possible using the federation's north-south or east-west 
interface. 

TO 

Ensure that data corruption or change is not possible in the 
software or infrastructure configuration and that dynamic 
data is outside the allowed scope by the various interfaces, 
using the north-south interface or east-west interface of the 
federation. 

TO 

Implementation of robust security measures. TFPI, TO 

User 
Management 

Different users can access the infrastructure components 
(and there is a clear way to provide the infrastructure) 

TO 

 

Table 6: Business requirements and roles for Resource Management Category 

Topic Resource Management Requirement Roles 

Correctness 

Provide verified correct resources in the network (HW/SW) 
that correspond to an exposed substance in the federation 
agreement. 

TO 

Provide verified correct resources (HW/SW) corresponding to 
testing the 6G-Library and functional test cases in the testbed. 

TO 

Manage the diverse synchronised resources to accomplish the 
features in the network. 

TFC 

Lifecycle 
Management 

Provide a way to retrain or up/down scale the model in case 
of model or infrastructure drift. 

R, TP 

Provide a way to execute an experiment workflow over the 
testbeds. 

TBO, AU, ABO 

Manage and control HW resources to accomplish the feature 
in the network. 

TFC 

Management 
& 
Orchestration 

Enable dynamic service provisioning and management across 
multiple administrative domains. 

SP, NP 

Multi-Domain 
Enable network slicing to create virtualised, customisable 
network segments. 

NP, ABO 

Network Slices 
Optimise resource allocation to meet dynamic service 
demands. 

NP, SP 
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Optimisation 

Efficient resource allocation and management capabilities are 
essential to optimise network performance and utilisation. 

TO, TI 

Design the network architecture to accommodate exponential 
growth in connected devices and data traffic. 

TP, S 

Scaling 

Capable of scaling seamlessly to accommodate varying levels 
of experimentation and application deployment across 
different infrastructures within the pan-European Federation 
of 6G infrastructures. 

R, TBO, TO 

Capable of being scaled to accommodate varying levels of 
demand from users and experiments. It should be able to 
allocate resources dynamically based on the requirements of 
the experiment. 

TO, TBO, 
TFPI 

 

Table 7: Business requirements and roles for Edge Computing Support Category 

Topic Edge Computing Support Requirement Roles 

APIs 
Provide the Testbed Federator with a list of Edge servers to 
decide where to deploy in-cloud Application Functions (e.g., 
via Edge Selection NaaS API).  

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 

Edge 
Support 

Integrate edge computing capabilities into the 6G ecosystem, 
enabling low-latency, high-bandwidth services and 
applications. 

NP, CP 

Scalability 

Need support for High-Performance Computing (HPC) 
capabilities 

R 

High computation capacity shall be provided along the end-to-
end chain 

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 

Offloading 

Able to offload processing functions from the Clients to the 
Edge  

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 

Able to offload processing functions from the Cloud to the Edge  
ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 

 

Table 8: Business requirements and roles for Resilience Category 

Topic Resilience Requirement Roles 

Recovery 

Establish resilient infrastructure and disaster recovery 
mechanisms to mitigate the impact of network outages, natural 
disasters, cyber-attacks, and other disruptions. 

NP 

Operation without interruptions during the execution of 
experimentations. 

TO, TFPI 

Robustness 
A defective testbed (bug, overload, etc.) must not block the 
complete federation processing. 

TFPI 
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A testbed can be disconnected and reconnected freely without 
causing any blocking situation for federation usage and 
behaviour. 

TFPI 

 

Table 9: Business requirements and roles for Sustainability Category 

Topic Sustainability Requirement Roles 

Energy 
Efficiency 

Promote energy efficiency and environmental responsibility S 

Prioritisation of energy efficiency, aiming to reduce power 
consumption and environmental impact 

TO 

Provide end-to-end energy measurement in the network. R, S 

 

Table 10: Business requirements and roles for Regulatory / Ethics Compliance Category 

Topic Regulatory / Ethics Compliance Requirement Roles 

Ethics 
Ensure compliance with ethical standards and guidelines 
governing research practices and participant welfare.  

S 

Regulations 
Ensure adherence to local regulations and international 
standards 

TO 

Security & 
Privacy 

Incorporate robust security measures and privacy safeguards 
to protect sensitive data and ensure compliance with relevant 
regulations, such as GDPR. 

R, TBO, TO 

 

Table 11: Business requirements and roles for Documentation Category 

Topic Documentation Requirement Roles 

Measureme
nts 
Documenta
tion 

Describing the structure and context of measurement data sets 
generated during experiments. Metadata includes timestamps, 
units, and relevant parameters. 

AU, ABO 

The KPI units must be unified and standardised across all 
testbeds. 

TO 

Some main KPI must be standardized (name, value 
signification and units) across all testbeds for main 
information on RAN, CORE and MEC. 

TFPI 

Processes 
Clear and common processes must be agreed as the minimum 
obligations of the testbed business owner to be fulfilled so that 
a testbed can be part of the testbed federation. 

TBO, TFPI 

Reproducib
ility 

Advocate for transparent publication and citation practices to 
ensure proper attribution of research contributions and 
promote reproducibility.  

R 
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Support 
Require collaboration features like shared workspaces and 
real-time communication tools to facilitate collaboration with 
peers and stakeholders.  

R 

Testbed 
Documenta
tion 

Provide information about the testbed’s quality, capabilities, 
and limitations so users can assess whether it meets their 
application evaluation needs. 

TO 

Provide detailed documentation on the descriptions of the 
services/experiments provided by the Application Users / 
Application Business Owner, including information on 
functionality, behaviour, and usage. 

AU, TBO 

Testing 

Undergo rigorous testing and validation processes to ensure 
reliability, performance, and compliance with specified 
requirements before deployment. 

R, TBO, TO 

Establish a routine for performance benchmarking to evaluate 
and enhance the testbed's capabilities continuously. 

TO, TBO 

Facilitate extensive interoperability testing to ensure 
equipment and network functionalities work with various 
technologies and systems. 

TO 

Training 
Require access to training programs and support resources to 
enhance research skills, methodologies, and tools.  

R 

 

Table 12: Business requirements and roles for Governance Category 

Topic Governance Requirement Roles 

Legal 

Offer services to the experimenters with well-defined and clear 
commitment and separation of duties under well-documented 
agreements. Input (requirements) and output (results) must 
be clearly described. 

TBO, ABO 

Reproducib
ility 

Design the infrastructure to support the reproducibility of test 
runs. This involves preserving experiment configurations, 
input data, and execution context. 

TO, TBO 

 

Table 13: Business requirements and roles for Testbed Operation Category 

Topic Testbed / Facility Operation Requirement Roles 

Allocation 

Accountability for using the available resources of the 
testbeds' platform. 

TBO, ABO, TO, 
TFPI, TFC 

Provide rate control recommendations from the network 
(e.g., via Rate Control NaaS API). 

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 

Request specific Quality on Demand (QoD) to the network 
(e.g., via Quality on Demand NaaS API). 

ABO, AU, R, 
TFPI, TBO, TO, 
TFC, NP, CP 
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Extensibility 
Allow testbed facilities to be connected to external 
devices/custom labs as part of the experiment setup. 

SP 

Monitoring 

Collect monitoring data at various levels—infrastructure, 
service, and end-to-end. This includes performance metrics, 
logs, and alerts. 

TO, AU 

Collect measurement and status data from the testbed 
infrastructure. This includes subsystem performance, 
resource utilisation, and overall health. 

TBO, TO 

Performance Monitoring. ABO, TBO 

Scheduling 
Implementing a reliable scheduling mechanism for 
experiments, allowing users to plan and execute tests at 
specific times. 

TBO, TO 

Tooling 

Utilise the 6G Library of components for development, 
research, and experimentation. 

R, TFC 

Provide a unified library of 6G enablers publicly accessible by 
experimenters. 

R 

 

Table 14: Business requirements and roles for Application Deployment / Usage Category 

Topic Application Deployment / Usage Requirement Roles 

Automation 

The execution of the required experiments should be as 
automated as possible, and the related parameters, 
requirements, and constraints should be technically specified 
in relevant templates to ease the automated configuration, 
management, and orchestration. 

TBO, ABO 

Experimenters express experiment definitions leveraging a 
declarative (intent) model. 

ABO, AU 

Tight integration of Infrastructure as Code (IaC) and MLOPs 
using a standardised configuration workflow. 

ABO, AU 

Automatically translate (via LLMs & Foundation Models) 
intent definitions at the respective data model leveraged by the 
respective southbound TaaS platform. 

TFC 

Interfaces 

Integration with Network APIs inside applications ABO 

Exposure of Network and Edge capabilities to Application 
Providers  

R, S 

Provide an interface to applications to customise testbed 
functionality and resource use. 

AU, ABO 

Robustness 

An experiment must have a realistic execution duration to 
guarantee the consolidation of the result in a human usage or 
demonstration time frame. 

R, TO 

Provide a user-friendly interface and seamless user experience 
for developers, administrators, and end-users. 

R, TBO, TO, AU 
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3.3.2. Technical Feature Requests Analysis 

 A questionnaire was also used to investigate the top technical features requested by the 
consortium. Testbed interconnection and federation are the most demanded features, as they are 
also a central focus of the project. Other top requested features include NaaS, TaaS, AI capabilities, 
and IDLM. Table 15 lists the most demanded technical features of the 6G framework developed in 
SUNRISE-6G. 

Table 15: Technical features classification 

Category Requests Description 

Open framework / 
Usage of common APIs 
/ Community library / 
3GPP compliance 

15 

Ensures interoperability and accelerates development 
by providing standardised, reusable code and tools, 
while guaranteeing that these solutions meet global 
mobile telecommunication standards in terms of 
compatibility and reliable performance. 

Network-as-a-service 
/ Network federation / 
Cloud infrastructure 

10 

Integrates multiple networks into a unified system, 
enhancing connectivity and resource sharing across 
different network infrastructures while leveraging cloud 
infrastructures to provide flexible, on-demand network 
services. 

Testing-as-a-service 8 

Utilises on-demand testing environments, enabling 
businesses to efficiently conduct software testing, 
enhancing flexibility, and reducing costs with respect to 
access to a wide range of testing tools and environments 
as needed. 

AI capabilities 7 
Analyses data, automates tasks and provides intelligent 
insights, enhancing decision-making and operational 
efficiency. 

Vertical deployment / 
Device sharing 

5 

Involves implementing solutions tailored to specific UCs, 
optimising performance and functionality to meet those 
unique environments (which might include sharing 
specialised hardware resources). 

IDLM 5 
Allows seamless interaction with the experimentation 
facility, allowing intent translation with natural language 
and TMF. 
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4. SUNRISE-6G Functional Requirements 
This section comprehensively describes the SUNRISE-6G Functional requirements, including those 
for the SUNRISE-6G Ecosystem, Federation, and AI Federation.  

4.1. Objectives 
This section establishes the functional requirements for the SUNRISE-6G platform, focusing on the 
federation of operators' systems and the integration of AI-driven capabilities. The requirements 
address key aspects such as interconnection and AI capabilities -including the E2EAI toolkit and 
decentralised MLOPS and 6G experimentation facilities. Each requirement includes associated 
topics, priorities, actors, and acceptance criteria, ensuring a structured foundation for the 
platform's development and evaluation. 

4.2. SUNRISE-6G Federation Platform 
[8] The SUNRISE-6G project incorporates the Operator Platform (OP) concept, as defined by the 
GSMA Operator Platform Group [8]. The OP serves as a framework for standardised access to Edge 
Cloud and network capabilities, enabling operators and federated partners to expose these 
resources to application providers while ensuring interoperability between operators, vendors, 
and service providers. It should be highlighted that, from now onwards, all parties forming the OP’s 
ecosystem as well as the architectural functional blocks are referred to with capitalized initial 
letters. For instance, Operator is written instead of operator, to ensure easy differentiation. An OP 
is responsible for the access management to Edge resources and other network capabilities owned 
by either a single Operator or a federation of Operators. An Operator with its own OP instance 
provides network capabilities to Application Providers and ensures connectivity for UE. Another 
key participant in the OP ecosystem is the Application Provider, which uses Edge Cloud and 
network resources to deploy its application instance through an OP. An OP's Availability Zone 
represents the most detailed level of abstraction available to an Application Provider looking to 
deploy applications on the Edge Cloud. 

 

Figure 4: Operator Platform Diagram defined by GSMA. 

4.3. Federation Requirements 
This section outlines the functional requirements for the SUNRISE-6G platform's federation 
capabilities. The federation solution focuses on enabling seamless interconnection and 
interoperability among multiple Operator Platforms while adhering to the GSMA OPG.02 standard 
and leveraging established best practices. Additionally, these requirements encompass 
mechanisms for resource sharing, interface compatibility, and secure collaboration across 
federated networks. 
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4.3.1. Offered Functionalities by an Operator Platform  

To address the diverse needs of the SUNRISE-6G platform, the requirements are organised into 
distinct categories: 

• General Requirements: Foundational principles that guide platform design and operations. 
• Application Provider Functionalities: Tools and interfaces enabling seamless application 

deployment and management. 
• Operator Functionalities: Features supporting operators in resource and network 

management within the federation. 
• Partner Operator Platform Functionalities: Interoperability and resource-sharing 

mechanisms between federated operators. 
• End User Functionalities: Requirements ensuring secure, efficient, and user-friendly access 

to applications and services. 

This structured approach ensures that all stakeholder needs are systematically addressed and 
aligned with the platform's objectives. Based on GSMA OPG guidelines, a set of priorities -Must-
have (M), Should-have (S), Could-have (C), and Will-Not-Have (W), has been established.  

4.3.1.1. General Requirements  

The following requirements are the projected needs of the Testbed Provider business role within 
the envisioned market. All the requirements apply to the Federation domain of SUNRISE-6G 
technologies. 

Table 16: General Functional Requirements of the SUNRISE-6G platform 

ID TR-NF-Federation-1 Title Operator Platform Instance 
Type Domain Priority 

UC# 
Reliability Federation M (Must-Have) 
Topic Role Related Task 
General Requirements Testbed Provider  

Description 
For each operator supporting the OP architecture, an OP instance shall 
be responsible for managing the resources and services the OP exposes 
in that operator's network. 

Rationale 
Ensures clear delineation of responsibilities and efficient management 
of resources within each operator's network. 

Acceptance Criteria 
Verify that each operator has a dedicated OP instance managing the 
resources and services specific to their network. 

ID TR-NF-Federation-2 Title Tenant Application Isolation 
Type Domain Priority 

UC# 
Reliability Federation M (Must-Have) 
Topic Role Related Task 
General Requirements Testbed Provider  

Description 
An OP shall be able to effectively isolate each Tenant's applications from 
those of all the other Tenants. 

Rationale 
Ensures security and prevents interference between different tenants' 
applications, maintaining operational integrity. 

Acceptance Criteria 
Verify tenant applications are isolated through security testing, 
ensuring no cross-access or interference between tenants. 

ID TR-NF-Federation-3 Title Standardised Interface Definitions 
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Type Domain Priority UC# 
Compatibility Federation M (Must-Have)  
Topic Role Related Task 
General Requirements Testbed Provider  

Description 
The interfaces an OP instance offers to other parties shall be provided 
using common definitions based on GSMA OPG specifications. 

Rationale 
Ensures interoperability and ease of integration between different OP 
instances and other parties, promoting a unified approach. 

Acceptance Criteria 
Verify that all interfaces offered by OP instances conform to the 
common definitions and standards specified by GSMA OPG. 

ID TR-NF-Federation-4 Title Standardised Interface Definitions 
Type Domain Priority UC# 
Compatibility Federation M (Must-Have)  
Topic Role Related Task 
General Requirements Testbed Provider  

Description 

The OP architecture shall allow an Application Provider to use a 
common interface to manage edge applications deployed to the 
subscribers of multiple operators, subject to an agreement with the 
operators involved. 

Rationale 
Ensures interoperability and ease of integration between different OP 
instances and other parties, promoting a unified approach. 

Acceptance Criteria 
Verify that all interfaces offered by OP instances conform to the 
common definitions and standards specified by GSMA OPG. 

4.3.1.2.  Functionalities offered to Application Providers 

Table 17: Functional Requirements of the SUNRISE-6G Platform Functionality for Application Providers 

ID TR-NF-Federation-5 Title Facilitated Interfaces for Application Providers 
Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 
The interfaces that an OP provides to the Application Providers for 
deploying edge applications shall allow for easy deployment of 
application instances. 

Rationale 
Streamlines the deployment process and reduces complexity for 
Application Providers. 

Acceptance Criteria 
Verify that the deployment process through the OP interfaces provided 
to Application Providers aligns with the common definitions and 
standards specified by GSMA OPG. 

ID TR-NF-Federation-6 Title 
Optimal Resource Utilization for Deployed Edge 
Applications 

Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

M (Must-Have)  
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Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 
An OP shall allow an edge application to be deployed within an operator 
network where it can utilize the optimum resources. 

Rationale 
Maximizes the efficiency and performance of edge applications by 
leveraging the optimum available resources. 

Acceptance Criteria 
Verify that the deployment of edge applications within an operator 
network automatically aligns with the optimal resource usage. 

ID TR-NF-Federation-7 Title 
Hidden Architecture and Network Complexity from 
Application Providers 

Type Domain Priority UC# 

Usability 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 
An OP shall hide the complexity of the OP architecture, the operator 
networks involved and client access to those networks from the 
Application Providers. 

Rationale 
Enables Application Providers to focus on application development and 
deployment without the need to understand or manage the underlying 
network and architecture complexities. 

Acceptance Criteria 
Verify that the complexity of the architecture and networks is not 
exposed to Application Providers, maintaining a simplified interface for 
application management. 

ID TR-NF-Federation-8 Title 
Separation of Concerns Between OP and Application 
Providers 

Type Domain Priority UC# 

Security 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 

There shall be a "separation of concerns" of the OP and the Application 
Providers, meaning that the Application Providers and OP do not 
require knowledge of each other's internal workings and 
implementation details. 

Rationale 
Enhances modularity by isolating the operational details between the 
OP and Application Providers. 

Acceptance Criteria 
Verify that the OP and Application Providers operate independently 
without the need to share internal workings. 

ID TR-NF-Federation-9 Title 
Cloud Resource Utilization for VM and Container 
Deployment 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
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Functionality offered to Application 
Providers 

Application service provider  

Description 
The OP architecture shall enable the utilization of cloud resources that 
support deploying applications as VMs or Containers 

Rationale Facilitates flexibility and scalability in application deployment. 

Acceptance Criteria 
Verify that cloud resources can effectively support the deployment of 
applications as either VMs or Containers. 

ID TR-NF-Federation-10 Title Support for VM and Container Application Packaging 
Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 
The OP architecture shall support applications packaged as VMs and 
containers. 

Rationale 
Enhances the adaptability and deployment options for Application 
Providers 

Acceptance Criteria 
Verify the support seamless integration and deployment of applications 
packaged either as VMs or containers 

ID TR-NF-Federation-11 Title Usage Monitoring for Application Providers 
Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

S (Should-Have)  

Topic Role Related Task 
Functionality offered to Application 
Providers 

Application service provider  

Description 
The OP architecture shall allow an Application Provider to deploy an 
application and use an OP to monitor the application's usage across the 
networks on which it is deployed. 

Rationale 
It provides an Application Provider with essential insights into 
application performance across different networks, enabling effective 
resource management and optimisation. 

Acceptance Criteria 
Verify that the OP has the interfaces provided to Application Providers 
to monitor the usage statistics of their deployed applications. 

4.3.1.3. Functionalities offered to End Users 

Table 18: Functional Requirements of the SUNRISE-6G Platform Functionality for End Users 

ID TR-NF-Federation-12 Title 
Seamless and Secure End-User Access to Edge 
Applications 

Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to End Users End-user  

Description 
An OP shall allow the end-user devices to access Edge Applications 
deployed on edge resources seamlessly and securely. 
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Rationale 
Ensures a smooth and secure user experience, promoting higher user 
security and satisfaction in the system. 

Acceptance Criteria 
Verify that end-user devices can access Edge Applications without 
noticeable delays or security breaches. 

4.3.1.4. Functionalities offered to Operators 

Table 19: Functional Requirements of the SUNRISE-6G Platform Functionality for Operators 

ID TR-NF-Federation-13 Title 
QoS Management by OP for Interactions between an 
End-User and an Application 

Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Operators Testbed provider  

Description 
The OP architecture shall allow an OP to influence the quality of service 
delivered by the network for the interaction between an end-user 
device and an application. 

Rationale 
Ensures optimal user experience by allowing OP to fine-tune the QoS for 
end-users' interaction with an application. 

Acceptance Criteria 
Verify that the OP can configure network parameters to adjust the QoS 
experienced by end-users accessing deployed applications. 

ID TR-NF-Federation-14 Title Inter-Operator and Inter-OP Separation of Concerns 
Type Domain Priority UC# 

Security 
Federatio
n 

M (Must-Have)  

Topic Role Related Task 
Functionality offered to Operators Testbed provider  

Description 
There shall be a "separation of concerns" of the operators between each 
other and between Ops. 

Rationale 
Promotes modularity and security by isolating the operational details 
between OPs and between different Operators. 

Acceptance Criteria 
Verify that different OPs and operators operate without knowledge of 
each other's internal workings and implementation details. 

ID TR-NF-Federation-15 Title OP's Resource Usage Monitoring for Operators 
Type Domain Priority UC# 

Functional Suitability 
Federatio
n 

S (Should-Have)  

Topic Role Related Task 
Functionality offered to Operators Testbed provider  

Description 
The OP architecture shall allow an operator to monitor and track the 
usage by an OP of its compute (including specialized compute), storage 
and networking resources. 

Rationale 
Enables operators to effectively manage and optimize their resource 
allocation and usage transparency. 

Acceptance Criteria 
Validate that the operators can access monitoring reports on their 
resource usage by an OP. 
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4.3.1.5. Functionalities offered to Partner Operator Platforms 

Table 20: Functional Requirements to the SUNRISE-6G platform offered to Partner Operator Platforms 

ID TR-NF-Federation-16 Title 
Inter-OP Deployment and Management of Edge 
Applications 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Functionality offered to Partner OPs Testbed provider  

Description 

The OP architecture shall allow an OP to deploy, operate and manage 
Edge Applications provided by the Application Providers with a Partner 
OP (when there is a federation agreement between the OPs). This 
capability is specifically intended for scenarios where Edge Cloud sites 
are leveraged. 

Rationale 
Facilitates seamless Edge Application management and deployment by 
the OP across federated platforms. 

Acceptance Criteria 
Verify that the OP can perform application LCM tasks across federated 
OPs without compatibility issues or service disruptions. 

ID TR-NF-Federation-17 Title 
Application Sharing between Originating and 
Partner OPs 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Functionality offered to Partner OPs Testbed provider  

Description 
The OP architecture shall allow a Partner OP to receive applications 
from Originating OPs. This capability is intended explicitly for scenarios 
where Edge Cloud sites are leveraged. 

Rationale Enables a seamless service experience across different OPs. 

Acceptance Criteria 
Validate that the OP has the required capabilities to manage the 
applications received from Originating OPs. 

4.3.2. Edge Enabling Requirements 

Table 21: Functional Requirements to the SUNRISE-6G platform Edge Enabling functionality 

ID TR-NF-Federation-18 Title Resource Usage Monitoring for Originating OP 
Type Domain Priority UC# 
Functional Suitability Federation S (Should-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
The OP architecture shall allow an Originating OP to monitor and track 
the resource usage of an application in the OP on which it has been 
deployed. 

Rationale 
Provides transparency and accountability, ensuring that resource 
utilisation aligns with the expected performance and agreements. 

Acceptance Criteria 
Validate that each OP can monitor resource usage within the Partner OP 
accurately and reliably. 

ID TR-NF-Federation-19 Title 
Operator's Resource Exposure for End-Users to 
Deploy Application 
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Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
An OP shall allow an operator to expose compute and storage resources 
within the Operator or Partner networks on which applications can be 
deployed. 

Rationale 
Supports the exposure of resources consumed by applications across 
the federated platform. 

Acceptance Criteria 
Verify that the OP can expose compute and storage resources within the 
managed and federated networks and ensure that these resources are 
accessible for deployment by Application Providers. 

ID TR-NF-Federation-20 Title Virtualized Edge Compute as a Service 
Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
An OP shall provide edge compute resources as a virtualised service to 
an Application Provider or another party in the OP ecosystem (e.g. a 
Partner OP or another operator). 

Rationale 
Provides efficient use of resources for Application Providers to deploy 
Edge Applications across the federated platform. 

Acceptance Criteria 
Verify each OP's ability to offer virtualised edge compute resources to 
different parties, guaranteeing the independence and isolation of 
allocated resources to each party. 

ID TR-NF-Federation-21 Title Exclusive Management of Deployed Applications 
Type Domain Priority UC# 
Performance Efficiency Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Application service provider  

Description 
The Application Provider is the only responsible for managing the Edge 
Applications on the virtualized resource that they have been provided 
with. 

Rationale 
Ensures efficient resource LCM, enhancing application performance and 
resource utilization. 

Acceptance Criteria 
Validate the Application Provider's ability to manage the deployed edge 
applications, ensuring the exposure of this capability to only the 
application owner 

ID TR-NF-Federation-22 Title Lifecycle Management of Virtualized Resources 
Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 

An OP shall manage the virtualized resources with which it has been 
provided. For example, this includes the allocation, de-allocation and 
potentially in-life management (such as scaling) of virtualized resources 
to a specific Application Provider. 
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Rationale 
Provides robust resource management capabilities, ensuring efficient 
utilisation and flexibility in response to application demands. 

Acceptance Criteria 
Validate that the OP can allocate, deallocate, and scale the virtualised 
resources as per the demands of the Application Provider. 

ID TR-NF-Federation-23 Title Resource Overload Protection 
Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 

Suppose one OP or Application Provider overloads the virtualised 
resource assigned to the Application Instance. In that case, this should 
not degrade the performance of other resources allocated to Partner 
OPs or Application Providers. 

Rationale 
Maintains service stability and performance consistency across the 
ecosystem, ensuring that resource overutilisation does not negatively 
impact other users within the federated platform. 

Acceptance Criteria 
Validate that the OP can provide an effective isolation mechanism when 
one set of the virtualized resources provided to Application Providers or 
partner OPs is overloaded. 

ID TR-NF-Federation-24 Title Intra-OP Optimal Application Relocation 
Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
An OP shall allow an Edge Application to be relocated to another 
appropriate Edge Cloud for optimum resource utilization. 

Rationale 
Ensures adaptive resource management, guaranteeing application 
performance by relocating it to less congested or more suitable Edge 
Clouds. 

Acceptance Criteria 
Validate the OP's capability to seamlessly relocate Edge Applications 
across different Edge Clouds. 

ID TR-NF-Federation-25 Title 
Resource Allocation Privacy Between OPs and 
Application Providers 

Type Domain Priority UC# 
Security Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
An OP or an Application Provider does not have visibility of the 
resources that another OP or Application Provider has been allocated 
with or is using. 

Rationale 
Maintains operational security and privacy, preventing potential 
conflicts or competitive disadvantages by hiding resource allocation 
details from other parties within the ecosystem. 

Acceptance Criteria 
Validate that the OP makes the resource usage data inaccessible to 
unauthorized OPs and Application Providers. 

ID TR-NF-Federation-26 Title Unified Data Model for Virtualized Resources 
Type Domain Priority UC# 
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Compatibility Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
All parties in the OP ecosystem shall use the same data model for the 
virtualized resources. 

Rationale 
Ensures consistency and ease of integration across different parties, 
reducing errors that can arise from heterogeneous data handling 
practices. 

Acceptance Criteria 
Validate that all parties within the federated platform can interpret and 
use a common standardized data model without discrepancies. 

ID TR-NF-Federation-27 Title 
Geographical Deployment Restrictions for Data 
Protection Compliance 

Type Domain Priority UC# 
Security Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Application service provider  

Description 
The Application Provider shall be able to restrict where the Edge 
Application is deployed (country, region) to meet Data Protection 
requirements. 

Rationale 
Supports compliance with data protection laws by allowing Application 
Providers to control the geographical location for their application 
deployment, thereby aligning with legal and regulatory obligations. 

Acceptance Criteria 
Validate that each Application Provider is able to set and modify 
geographical deployment restrictions. 

ID TR-NF-Federation-28 Title Common Workflow for Edge Application LCM 
Type Domain Priority UC# 
Compatibility Federation M (Must-Have)  
Topic Role Related Task 
Edge Enabling Requirements Application service provider  

Description 
The process lifecycle management of Edge Applications should be based 
on a common workflow for deployment. 

Rationale 
Promotes efficiency and uniformity in the management of Edge 
Applications by reducing potential incompatibilities. 

Acceptance Criteria 
Validate that all Application Providers follow a standardised workflow 
for Edge Applications management. 

ID TR-NF-Federation-29 Title 
Optional Edge Monitoring is provided for 
Application Providers 

Type Domain Priority UC# 
Security Federation C (Could-Have)  
Topic Role Related Task 
Edge Enabling Requirements Testbed provider  

Description 
It shall be C (Could-Have) to provide telemetry or other metrics from 
the edge node to Application Providers. 

Rationale 
Provides Application Providers with capabilities such as performance 
monitoring and operations optimisation. 
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Acceptance Criteria 
Validate that the telemetry and other metrics are correctly collected and 
transmitted from edge nodes to Application Providers, ensuring 
improvements in their operational efficiency. 

4.3.3. Security Requirements 

Table 22: Functional Requirements to the Security of SUNRISE-6G platform 

ID TR-NF-Federation-30 Title Hidden Topology and Configuration Data 
Type Domain Priority UC# 
Security Federation C (Could-Have)  
Topic Role Related Task 
Security Requirements Testbed provider  

Description 
An OP shall not expose its configuration data and internal topology 
(topology hiding) to Application Providers and federated Partner OPs. 

Rationale 
It prevents potential security vulnerabilities and unauthorised access by 
shielding sensitive data about the network's internal topology and 
configurations. 

Acceptance Criteria 
Validate that configuration data and internal topology of the OP are not 
accessible to federated parties and application providers. 

ID TR-NF-Federation-31 Title 
Data Exposure to Authenticated and Authorized 
Entities 

Type Domain Priority UC# 
Security Federation C (Could-Have)  
Topic Role Related Task 
Security Requirements Testbed provider  

Description 
The permitted data shall be exposed only to authorized and 
authenticated entities. 

Rationale 
Ensures data confidentiality and integrity by limiting access to sensitive 
information strictly to verified and necessary parties, reducing the risk 
of data breaches. 

Acceptance Criteria 
Validate that only authenticated and authorized entities can access 
specified data sets based on common established security policies. 

ID TR-NF-Federation-32 Title Integrity Protection of Identifiers 
Type Domain Priority UC# 
Security Federation M (Must-Have)  
Topic Role Related Task 
Security Requirements Testbed provider  

Description 
An OP shall adopt an integrity protection mechanism for the various 
identifiers in use (such as resource IDs, user/subscriber IDs, session IDs, 
application IDs). 

Rationale 
Secures the identity verification processes and data transactions within 
the platform. 

Acceptance Criteria 
Validate that all OPs deploy common integrity protection mechanisms 
to ensure all identifiers remain secure and unaltered. 

4.3.4. Exposure of Network Capabilities 

Table 23: Functional Requirements to the SUNRISE-6G Platform Network Exposure 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 43  

ID TR-NF-Federation-33 Title 
 Support and Enable Network Capability Exposure 
Across Operator Networks 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 

 An OP shall support and enable the exposure of its available network 
capabilities to Application Providers, Partner OPs, and within its own 
network. This facilitates efficient application deployment, optimized 
resource utilization, and enhanced service offerings across the 
federation. 

Rationale 

 Ensures efficient application deployment within the federation 
platform, resulting in improved application performance and user 
experience. and resource efficiency by allowing stakeholders to access 
and leverage available network capabilities. 

Acceptance Criteria 

 Validate that the OP supports a common protocol for exposing network 
capabilities, ensures their accurate access and utilization by Application 
Providers and Partner OPs, and enables successful application 
deployment within the federation. 

ID TR-NF-Federation-34 Title 
Need-to-Know Basis for Network Capability 
Exposure 

Type Domain Priority UC# 
Performance Efficiency Federation C (Could-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 
An OP shall expose network capabilities and resource data (e.g., 
compute and storage) to Application Providers and federated Partner 
OPs following the 'need-to-know' principle. 

Rationale 
Maintains operational efficiency by ensuring that only essential 
information is shared with parties. 

Acceptance Criteria 
Validate that the OP employs a dynamic access control system that 
ensures data exposure is based on the specific roles and requirements 
of Application Providers and federated Partner OPs. 

ID TR-NF-Federation-35 Title 
Extended Network Capability Exposure with 3GPP 
Integration 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 

An OP shall allow the exposure of operator network capabilities beyond 
edge resources based on the integration of 3GPP functions 

 

Rationale 
Allows the OP to offer integrated 3GPP functionalities, beyond edge 
resources, enhancing the flexibility and network reachability. 
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Acceptance Criteria 
Validate that a seamless integration of 3GPP exposed functionalities is 
available, and these integrated network capabilities can be exposed to 
Application Providers. 

ID TR-NF-Federation-36 Title 
Exposure of Control Capabilities to Application 
Providers 

Type Domain Priority UC# 
Functional Suitability Federation S (Should-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 

An OP shall be able to expose control capabilities to the Application 
Provider. These are network capabilities that allow controlling certain 
network behaviours or characteristics, e.g., applying a QoS profile to a 
session or Traffic Influence. 

Rationale 
The Application Provider can control specific network characteristics to 
enhance service quality and user experience. 

Acceptance Criteria 
Validate that the OP can provide Application Providers and Partner OPs 
with access to and control over the exposed control capabilities. 

ID TR-NF-Federation-37 Title 
Access and QoS Options Exposure to Application 
Providers 

Type Domain Priority UC# 
Functional Suitability Federation S (Should-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 
An OP shall expose the available service access with their QoS options to 
the Application Providers for them to choose the wanted connection 
options and their priority. 

Rationale 
Provides Application Providers with the ability to optimize their QoS 
options and their priorities, enhancing overall application performance 
and user satisfaction. 

Acceptance Criteria 
Validate that all OPs have the capability to expose their available 
services and their QoS options to Application Providers, using a 
standardized mechanism. 

ID TR-NF-Federation-38 Title 
Discovery of Supported QoS Mechanisms by 
Application Providers 

Type Domain Priority UC# 
Functional Suitability Federation S (Should-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 
An Application Provider should be able to discover which QoS 
mechanisms are supported in the network where the UE is consuming 
its service. 

Rationale 
Allows Application Providers to make informed decisions on how to 
configure their applications optimally, based on the available QoS 
mechanisms. 

Acceptance Criteria 
Validate that each OP can expose the QoS options available within its 
network to Application Providers. 

ID TR-NF-Federation-39 Title Subscription to Network Events 
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Type Domain Priority UC# 
Data Federation M (Must-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 

An OP shall be able to subscribe to network events (including network 
analytics information). The information obtained may be used within 
the OP, for example, for the orchestration of Application Instances, or be 
exposed to the Application Provider or a Partner OP. 

Rationale 
Facilitates proactive management and responsive adjustments to 
network operations by enabling each OP to stay informed about the 
Network events and metrics. 

Acceptance Criteria 
Validate that all OPs can subscribe to network events and analytics 
using a unified event exposure mechanism. 

ID TR-NF-Federation-40 Title 
Exposure of Network-Related Statistics and 
Analytics 

Type Domain Priority UC# 
Data Federation C (Could-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 
The OP architecture shall allow an Operator to expose, when available, 
network related statistics and analytics to Application Providers and 
Partner OPs. 

Rationale 
Provides Application Providers and Partner OPs with improved network 
optimization and application performance through accessible, detailed 
network metrics and analyses. 

Acceptance Criteria 
Validate that Operators are able to provide detailed and actionable 
network statistics and analytics to authorized Application Providers and 
Partner OPs. 

ID TR-NF-Federation-41 Title Generic Event Subscription Mechanism 
Type Domain Priority UC# 
Functional Suitability Federation C (Could-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 
An OP shall provide a generic event subscription mechanism for those 
events exposed to the Application Provider as well as those exposed to a 
Partner OP. 

Rationale 
Ensures that all parties within the ecosystem can access essential event 
data in a standardized manner, promoting uniformity and ease of 
integration. 

Acceptance Criteria 
Validate that each OP can adapt a commonly agreed event subscription 
mechanism to provide the exposed events to the Application Provider 
and those exposed to a Partner OP. 

ID TR-NF-Federation-42 Title 
Exposure of End User's Profile Data to Application 
Providers 

Type Domain Priority UC# 
Data Federation C (Could-Have)  
Topic Role Related Task 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 46  

Exposure of Network Capabilities Testbed provider  

Description 
The OP architecture shall allow an Operator to expose the end user's 
profile data to the Application Provider. 

Rationale 
Enables Application Providers to tailor services and applications to 
individual user profiles, improving personalization and user 
engagement. 

Acceptance Criteria 
Validate that each Operator can securely share user's profile data with 
Application Providers. 

ID TR-NF-Federation-43 Title 
Exposure of Performance KPIs to Application 
Providers 

Type Domain Priority UC# 
Data Federation C (Could-Have)  
Topic Role Related Task 
Exposure of Network Capabilities Testbed provider  

Description 

If available, an OP should be able to expose KPIs to the Application 
Provider. Network performance attributes such as throughput, latency, 
and reliability could be used to ensure the Application Provider’s 
requirements are met. 

Rationale 
Allows Application Providers to assess and ensure that their 
applications meet the intended performance criteria. 

Acceptance Criteria 
Validate that each OP is equipped with a standardised/agreed KPI 
exposure system, verifying that it can accurately reflect network 
performance attributes to Application Providers. 

4.3.5. Consumption of Network Capabilities 

Table 24: Functional Requirements to the SUNRISE-6G Platform Network Consumption 

ID TR-NF-Federation-44 Title 
E2E Network Capability Consumption by 
Application Providers 

Type Domain Priority UC# 
Functional Suitability Federation M (Must-Have)  
Topic Role Related Task 
Consumption of Network Capabilities Testbed provider  

Description 
The OP architecture shall allow an Application Provider to consume 
network capabilities for their end-to-end application. 

Rationale 
This enables an Application Provider to fully integrate and leverage the 
network's capabilities to improve its E2E application performance and 
end-user experience. 

Acceptance Criteria 
Validate that each Application Provider can efficiently access and 
consume the exposed network capabilities using the allocated 
resources. 

ID TR-NF-Federation-45 Title 
Flexible Network Capability Requests for Data 
Sessions 

Type Domain Priority UC# 
Functional Suitability Federation S (Should-Have)  
Topic Role Related Task 
Consumption of Network Capabilities Testbed provider  
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Description 

An OP shall allow an application to request network capabilities for:  
i. any data session established between Application Client and 

Application Instance,  
ii. specific data sessions between a subset of Application Clients or 

a subset of Application Instances,  
iii. a particular time period of data sessions between Application 

Client and Application Instance. 

Rationale 
Ensures that an application can dynamically optimise its performance 
and resource allocation, adapting to varying operational conditions and 
user demands. 

Acceptance Criteria 
Validate that each OP can respond appropriately to an application's 
network capability request, adapting its capabilities according to the 
requested data session configurations and durations. 

4.4.  AI Federation Requirements 
This section outlines the functional requirements for the SUNRISE-6 G platform's AI Federation 
capabilities. These requirements are specific to AI workflows and features, including a separate 
E2EAI toolkit and automated MLOPs workflows envisioned in the platform. 

4.4.1. E2EAI Federation Framework  

The E2E AI Federation framework aims to deliver joint AI/ML experimentation workflows for 6G 
experimentation involving multiple testbeds. Below, the system and functional and non-functional 
requirements for the E2E AI Federation framework are described. 

Table 25: Functional Requirements to E2EAI Federation Framework 

ID  
TR-F-AIaaS 
and MLOps-
1 

Title  
Model Transfer Learning 
Support 

UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider, Experimenter 

Description  

Support for pre-trained model sharing across testbeds, allowing models to be fine-tuned or 
adapted to local datasets in different environments. 

Rationale  
Enable domain-specific customisation while ensuring model 
consistency across environments. 

Acceptance Criteria  
Allow localised fine-tuning based on sensed environmental data and 
experimental datasets from each testbed. 

Related Tasks  T2.2, T2.4, T3.4, T4.3 

 D  
TR-F-AIaaS 
and MLOps-2 

Title  
Federated Management of ML 
Assets 

UC2 

Type  Domain  Priority  Topic  Role  
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Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

Building incremental repositories of reusable AI models and assisting in their finetuning (or 
domain adaptation). The trained models are then “served” to Edge Intelligence agents to drive 
predictions, actuations, and infrastructure control. 

Rationale  
Enable the model sharing and distribution across testbeds to support 
reuse and collaboration. 

Acceptance Criteria  
Verify that model registration and sharing is feasible across the AI 
federated platforms. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-AIaaS 
and MLOps-3 

Title  Monitoring and Logging UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  
Testbed Provider, 
Experimenter 

Description  

Real-time performance monitoring across testbeds to assess transfer learning effectiveness, 
resource utilisation, and task completion times. 

Rationale  
Centralised logging for model performance metrics and system 
operations to facilitate troubleshooting and continuous improvement. 

Acceptance Criteria  
Validate that the operators can access monitoring reports to compare 
parameters and results. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-
AIaaS and 
MLOps-4 

Title  Continual Learning Support UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  
Testbed Provider, 
Experimenter 

Description  

The framework should support mechanisms for continually updating models when new data 
arrives without requiring complete retraining from scratch. 

Rationale  Dynamic Model Update Mechanism 
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Acceptance Criteria  
Verify implementation of modular pipelines that allow adding, updating, 
or removing components in response to new data patterns. 

Related Tasks  T2.2, T2.4, T3.4, T4.3 

ID  
TR-F-
AIaaS and 
MLOps-5 

Title  Model Drift Detection UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  
Testbed Provider, 
Experimenter 

Description  

Automatically monitor model performance and detect data or concept drift to trigger continual 
learning processes. 

Rationale  
By monitoring model drift, organisations can identify when models start 
to lose accuracy or become less reliable due to changes in data 
distributions or other factors. 

Acceptance Criteria  Verify that pipeline components can monitor model drift. 

Related Tasks  T2.2, T2.4, T3.4, T4.3 

ID  
TR-NF-AIaaS 
and MLOps-1 

Title  
Interoperability between MLOps 
Frameworks 

UC2 

Type  Domain  Priority  Topic  Role  

Interoperability AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

Support for multiple machine learning and deep learning frameworks (e.g., TensorFlow, 
PyTorch) to ensure flexibility across different testbeds. Enable containerisation (e.g., Docker or 
Kubernetes) to make portable models across different environments. 

Rationale  
The framework must support multiple ML frameworks and toolchains 
to facilitate flexibility across testbeds with varying technical 
constraints. 

Acceptance Criteria  
Verify that integrated components of the E2E AI framework can 
interface with each other.  

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-NF-AIaaS 
and MLOps-2 

Title  ML Models Interoperability UC2 

Type  Domain  Priority  Topic  Role  
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Interoperability AIaaS and MLOps 
M (Must-
Have)  

MLOPs  
Testbed provider, 
Experimenter 

Description  

Models uploaded to centralised Model registry should follow an ML-specific format to allow 
knowledge and model sharing among federated testbeds. 

Rationale  
Follow industry MLOps best practices and frameworks (e.g., MLflow, 
Kubeflow) for compatibility and process alignment. 

Acceptance Criteria  
Verify that all registered models share a common data model 
(standardised schema/format). 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-NF-AIaaS 
and MLOps-3 

Title  
Federated Learning support and 
data privacy 

UC2 

Type  Domain  Priority  Topic  Role  

Privacy AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

The E2E AI framework will deploy federated learning to keep data local while allowing model 
training without centralising sensitive data. 

Rationale  
Support for federated testbeds that want to keep their data private and 
local. 

Acceptance Criteria  
Verify that the testbed only shares models (model weights or 
gradients). 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-S-AIaaS 
and MLOps-1 

Title  Multi Test-bed compatibility UC1, UC2 

Type  Domain  Priority  Topic  Role  

System AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

The framework should support various testbeds (e.g., cloud, edge, local environments), ensuring 
seamless integration. 

Rationale  
Testbeds might have heterogeneous hardware and software 
configurations (GPUs, TPUs, CPUs, or IoT devices), requiring adaptable 
resource management. 

Acceptance Criteria  Verify that all testbeds can seamlessly communicate. 
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Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

4.4.2. E2EAI Toolkit Components 

This section briefly describes the requirements accompanying the major components envisioned 

for the E2E AI federation plane. Deliverable 2.2, “Initial SUNRISE-6G overall architecture,” will 

detail the AI plane's architecture design in detail.  

As detailed in Section 6.11, the E2EAI framework will be delivered via a “global” MLOps 

deployment that will interface with local deployments set on different test beds participating in 

the AI federation. Each local test-bed deployment can include its own MLOps stack, exposing 

however services that will interface with the “global” stack. To facilitate the requirements of the 

E2EAI federation framework described in 6.4, we envision two components comprising the global 

stack, notably a centralised Model Registry and common artefact storage. The functional and non-

functional requirements for the E2EAI toolkit components are provided below. 

Table 26: Functional Requirements to E2EAI Toolkit  

ID  
TR-F-AIaaS and 
MLOps-6 

Title  
Centralised storage for efficient 
collaboration 

UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

The Model Registry acts as a centralised storage for the efficient collaboration and sharing of ML-
related assets across the federated test beds. 

Rationale  
The model registry must enable centralised management of models, 
supporting functionalities like model registration, versioning, retrieval, 
and deletion. 

Acceptance Criteria  
Verify that models are discoverable and can be accessed by a user or 
service. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-AIaaS 
and MLOps-7 

Title  
Model Versioning for collaboration 
among test-beds 

UC1, UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

The Model Registry provides version control for models and experiments to ensure proper 
tracking of changes across different testbeds. 

Rationale  
The registry should track multiple versions of the same model, ensuring 
backward compatibility and enabling experiment comparison across 
different versions. 
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Acceptance Criteria  
Verify model versioning to track trained models and their 
dependencies. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-AIaaS 
and MLOps-8 

Title  Cross-testbed model sharing UC1, UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

Facilitate seamless sharing of models between local testbeds and the global deployment. 

Rationale  
Local testbeds (e.g., ISI/IBM and EUR) should be able to push models 
to the global registry, while the global stack allows authorised retrieval 
by other testbeds. 

Acceptance Criteria  Verify that models can be pushed and retrieved. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-AIaaS and 
MLOps-9 

Title  Common artifact storage UC1, UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

It will serve as a single repository for storing and managing artefacts (datasets, pre-trained 
models, logs, etc.) used in AI workflows across testbeds. 

Rationale  
In contrast to the Model Registry, the Artifact storage component stores 
everything else related to the AI/ML lifecycle, such as datasets, logs, and 
intermediate outputs. 

Acceptance Criteria  
Verify that artefacts are discoverable and can be accessed by a user or 
service. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

4.4.3. MLOPS Workflows 

This section provides a high-level description of the functional and non-functional requirements 
of the MLOps workflows, as identified in Section 5. Please note that this is not an exhaustive list, 
and further requirements might emerge as the project progresses and the architecture is 
consolidated. Notably, MLOps workflows dictate specific tasks, processes, and goals that the E2E 
AI framework must support, and their requirements ensure that the framework’s design aligns 
with the needs and operational constraints. 
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Table 27: Functional Requirements to MLOPs Workflows 

ID  
TR-F-AIaaS and 
MLOps-10 

Title  Intent Translation UC1, UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
M (Must-
Have)  

MLOPs  Testbed Provider 

Description  

The framework must integrate with Large Language Models (LLMs) to process user intents and 
generate actionable workflows (e.g., selecting the best model or setting constraints). 

Rationale  
The framework must support pre-trained LLMs (like GPT models) to 
interpret natural language inputs. 

Acceptance Criteria  
Verify end-to-end automation that starts with a user intent and ends 

with selecting the best model. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 

ID  
TR-F-AIaaS and 
MLOps-11 

Title  
Workflow automation (Zero-
touch coding) 

UC1, UC2 

Type  Domain  Priority  Topic  Role  

Functional  AIaaS and MLOps 
S (Should-
Have)  

MLOPs  Testbed Provider 

Description  

The framework should enable high-level template-based workflow descriptions for AutoML 
tasks using Dockerised components. 

Rationale  
The framework should support parallel execution of AutoML workflows 
to identify the most optimal model. 

Acceptance Criteria  Verify the support of parallel AutoML workflow execution. 

Related Tasks  T2.2, T2.4, T3.4, T4.3, T5.4 
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5. 6G Library and Experimentation Plane Requirements 
This section offers a comprehensive list of descriptions for the system, functional and non-
functional requirements of the 6G Library enablers and the Experimentation plane.  

5.1. Objectives 
The SUNRISE-6G project offers a comprehensive repository of 6G enablers that includes beyond 
5G technologies, frameworks, and modules accessible for external experimenters through the pan-
European experimentation facility that the project will deliver. This library comprises 
breakthrough advancements in RAN devices, cognitive orchestration capabilities, and test 
frameworks that support various needs, from cybersecurity validation to energy efficiency 
assessment. Furthermore, the library will also include a diverse array of newly developed 
components, such as an O-RAN-enabled Digital Twin, Reconfigurable Intelligent Surfaces (RIS), 
Multi-Radio Dual Connectivity (MR-DC), and AI-driven decision engines. The structured 
organisation of the 6G Library ensures that all enablers are readily available with well-defined 
system, functional, and non-functional requirements, allowing experimenters to transparently 
leverage the experimentation facility without needing to manage complex interoperability issues. 

The below list provides key requirements for the 6G enablers, ranging from system requirements 
for available HW/SW resources to functional requirements for interfaces and connectivity, API 
development, and data availability. In addition, non-functional requirements for scalability, 
interoperability, and data integrity will also support the development of a scalable and transparent 
federated testing environment. 

5.2. 6G Library Components  
This section details the new 6G enablers SUNRISE-6G will build and deliver. These are broken 
down into the following: 

1) Design and Development of an O-RAN digital twin. The O-RAN network digital twin will 
allow to model environments with a significant number of cells, composed of DUs and CUs, 
where each DU/CU component would be represented by an E2 agent. The O-RAN digital 
twin should also allow the definition of UEs, where each UE has a trajectory associated with 
it and a specific traffic profile. Finally, the O-RAN digital twin should be connected to a full 
O-RAN near/non-real-time RIC stack, supporting the onboarding of x/rApps designed by 
experimenters. 

2) Multi-RAT connectivity for NTN-terrestrial access. SUNRISE-6G considers how the 
application layer can exploit dual connectivity (i.e., terrestrial and non-terrestrial) to 
increase performance by utilising both channels simultaneously. Such an improvement 
requires end-to-end dual connectivity, which means that the MPTCP protocol should be 
exploited. Towards this, an NTN-terrestrial MPTCP proxy will be developed and be 
available to complement the satellite and terrestrial 5G-NR for the 6G network to be able 
natively to provide at the application layer e2e dual connectivity. 

3) Near-field RIS components. In SUNRISE-6G, we will leverage the intelligent surface 
technology RIS platform at 28GHz to offer an mmW RIS platform in near-field 
communications. In mmW RIS in near-field communications, the RISs can intelligently 
manipulate the radiation beams of the RIS to direct the propagation of wireless signals, 
significantly suppress interference at desired receivers, and enhance security concerning 
non-intended receivers. 
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4) Joint Communication and Sensing for RIS and CFmMIMO. JCAS functionalities are a critical 
enabler toward 6G and need to be made available in some of the facility testbeds for 
experiments by third-tier experimental. Indeed, JSAC enables two kinds of enhancements 
(i) service-level enhancements by providing a broad range of new services, such as high 

accuracy localisation, a gesture capturing and activity recognition, passive object 
detection and tracking, as well as imaging and environment reconstruction;  

(ii) network-level enhancements, such as improving communication performance using 
environment knowledge, more accurate beamforming, and faster beam failure 
recovery. 

Each section below lists an initial requirements analysis for each of these components. 

5.2.1. 6G Enablers 

5.2.1.1. Design and development of an ORAN-enabled Network Digital Twin 

Table 28: Functional Requirements of ORAN-enabled Network Digital Twin 

ID 
TR-S-6G-
Library-1 

Title 
Modelling of Environments with 
Multiple Cells in O-RAN Digital Twin 

UC1 

Type Domain Priority Topic Role 

System 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
The O-RAN network digital twin must support the modelling of environments with a significant 
number of cells. Each cell should be composed of Distributed Units (DUs) and Centralized Units 
(CUs) 

Rationale 

To accurately simulate real-world RAN environments, it is essential to 
model multiple cells, DUs, and CUs. This ensures the digital twin can 
provide realistic and comprehensive data for training and testing 
x/rApps 

Acceptance Criteria 

Ability to create and manage multiple cell environments within the 
digital twin. 
Each cell should include DUs and CUs. 
Verification through test scenarios demonstrating accurate cell 
modelling. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

 ID 
TR-S-6G-
Library-2 

Title Interfaces for the O-RAN Digital Twin UC1 

Type Domain Priority Topic Role 

System 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 

Each cell component must support an E2 interface, and its representation should be at least 
represented by an E2 agent. 
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Rationale 

The implementation of an E2 interface is critical for real- and near-
real-time data exchange and policy enforcement between the RAN 
agents and the RAN Intelligent Controller (RIC). An E2 agent that can 
exchange messages with the RIC can represent a minimal cell 
functionality. 

Acceptance Criteria 

Ability to establish an E2 session with a RIC. 
Ability to exchange messages regarding cell statistics and policy 
enforcement. 
Verification through test scenarios demonstrating RAN 
programmability. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

 ID 
TR-F-6G-
Library-3 

Title 
Definition and Management of User 
Equipment (UE) in O-RAN Digital 
Twin 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
S (Should-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
The O-RAN network digital twin should allow for the definition of User Equipment (UE) with 
specific trajectories and traffic profiles. Each UE must be configurable to simulate various 
movement patterns and data usage behaviours. 

Rationale 
Simulating different UEs with diverse trajectories and traffic profiles 
is crucial for evaluating the performance of x/rApps under realistic 
conditions. 

Acceptance Criteria 

Ability to define UEs with customisable trajectories. 
Support for specifying traffic profiles for each UE. 
Reported network statistics at the cell level per UE change depending 
on their trajectory/emulated coverage 
Demonstrated capability to simulate UEs in various scenarios. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

 ID 
TR-F-6G-
Library-4 

Title 
Integration with O-RAN Near/Non-
Real-Time RIC Stack 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
The O-RAN network digital twin must be connected to a full O-RAN near/non-real-time RIC 
stack to support the onboarding and evaluation of x/rApps designed by experimenters. 

Rationale 
Integration with the RIC stack is essential for managing and 
orchestrating x/rApps, enabling real-time and non-real-time 
operations within the digital twin environment. 

Acceptance Criteria Successful integration with near/non-real-time RIC stack. 
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It is possible to onboard x/rApps and manage them through the RIC 
stack. 
Verification through demonstration of x/rApp operations in the 
digital twin. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

 ID 
TR-F-6G-
Library-5 

Title xApp onboarding  UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
The RIC component of the O-RAN network digital twin must provide a detailed API and 
relevant libraries for connecting new xApps to the network 

Rationale 

As the API for each RIC is not yet standardized, each implementation 
has its own API for the communication between RIC/xApp. The 
respective libraries/APIs need to be provided for enabling 
onboarding new xApps to the platform 

Acceptance Criteria 

Successful integration of experimenter xApps to the RIC. 
Capability to onboard xApps and manage them through the RIC stack. 
Verification through demonstration of xApp operations in the digital 
twin. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

 ID 
TR-F-6G-
Library-6 

Title 
Dataset Generation for ML Model 
Training in O-RAN Digital Twin 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
The O-RAN network digital twin should generate datasets to enable x/rApp designers to train 
their ML models effectively. These datasets must be comprehensive and reflect real-world 
network conditions. 

Rationale 

High-quality datasets are critical for training ML models that can 
improve network efficiency and reliability. The digital twin must 
provide data that mirrors actual network performance and 
challenges. 

Acceptance Criteria 

Ability to generate datasets that cover various network scenarios. 
Relevant parameters from E2SM-KPM model are captured and saved 
as files. 
Support for data formats required by ML training processes. 
Demonstrated use of generated datasets in successful ML model 
training. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 
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 ID 
TR-F-6G-
Library-7 

Title 
Development of O-RAN Service API 
for Experimenters 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

O-RAN enabled 
Network Digital 
Twin 

Experimenter 

Description 
An O-RAN Service API will be developed to allow experimenters to specify O-RAN related 
experiments uniformly. This API will enable the definition of network topologies, KPIs, and the 
x/rApps to be evaluated, ensuring consistency across different test sites. 

Rationale 

A unified API simplifies the experimentation process, making it easier 
for researchers to design and execute experiments without 
understanding the underlying differences in O-RAN protocol stacks at 
various sites. 

Acceptance Criteria 

Development of a comprehensive API specification. 
Consistent implementation across all test sites. 
Support for defining network topologies, KPIs, and x/rApps. 
Documentation and user guides for experimenters. 

Related Tasks T4.5, T6.1, T.6.2, T6.3 

5.2.1.2.   Multi-RAT Dual connectivity for NTN-terrestrial access 

Table 29: Functional Requirements to Multi-RAT Dual connectivity for NTN-terrestrial access 

 ID TR-S-6G-
Library-8 

Title Allocation of specific resources for 
the setup of the NTN emulator  

UC3 

Type Domain Priority Topic Role 

System 6G-Library M (Must-
Have) 

NTN-terrestrial 
MPTCP  

6G component provider 

Description 

The setup and configuration of the NTN path require the deployment of a minimum of 3VMs 
for the relevant components (satellite, gateway, terminal), each with a specific resource 
allocation. 
Rationale In order to have a proper functionality and proper connection, the 

deployment of a VM for each of the components of the system is 
mandatory.  

Acceptance Criteria 3 VMs can ping each other via the created interfaces 

Related Tasks T4.4, T5.3, T6.1, T6.5 

ID 
TR-F-6G-
Library-9 

Title 
Provision of API(s) for the 
experimenters 

UC3 

Type Domain Priority Topic Role 

System 6G-Library 
M (Must-
Have) 

 NTN-terrestrial 
MPTCP 

Experimenter 

Description 
The MultiRAT enabler should allow the configuration and monitoring of the entities (NTN) 
through a dedicated API (e.g. start and stop of the 3 entities, make reconfigurations forward 
band, return band, delay, check the status) 
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Rationale 
The provision of an API allows the experimenter to test and validate 
different scenarios with diverse parameters on the NTN part. 

Acceptance Criteria 
Specifications for the API  
Support via documentation for the experimenters 

Related Tasks T4.4, T5.3, T6.1, T6.5 

ID 
TR-F-6G-
Library-10 

Title Integration with 5G interface UC3 

Type Domain Priority Topic Role 

System 6G-Library 
M (Must-
Have) 

NTN-terrestrial 
MPTCP  

6G component provider 

Description 

The enabler should allow the integration with the 5G interface to support the TN path  

Rationale 
The 5G interface will complement the satellite link so that the network 
can natively provide E2E dual connectivity at the application layer. 

Acceptance Criteria 
Traffic steering in both links and measurements on the different sub-
flows. 

Related Tasks T4.4, T5.3, T6.1, T6.5 

ID 
TR-F-6G-
Library-11 

Title Integration with 5G interface UC3 

Type Domain Priority Topic Role 

System 6G-Library 
M (Must-
Have) 

NTN-terrestrial 
MPTCP  

6G component provider 

Description 

The design and development of MPTCP proxy should take into consideration dual-connectivity 
functionalities for both the terrestrial and satellite NG-RANs 

Rationale 
Integrating satellite networks with cellular networks delivers a more 
resilient and adaptive user experience across diverse network 
environments. 

Acceptance Criteria 
Identification of the MPTCP sub-flows at the UPF and their steering to 
the appropriate path. 

Related Tasks T4.4, T5.3, T6.1, T6.5 

5.2.1.3. AI-driven Decision Engine for Intent Actuation 

Table 30: Functional Requirements to AI-driven Decision Engine for Intent Actuation 

ID 
TR-F-6G-
Library-12 

Title 
Dockerised pre-processing and 
modelling components 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

MLOPs Technology Provider 

Description 
Dockerised images, with each image containing one specific ML function such as scaling, 
normalisation, feature extraction, classification, regression, etc., can serve as building blocks to 
create complex ML pipelines. 

Rationale 
Dockerised images that contain a pre-processing or modelling 
component can be used to create complex workflows by stringing 
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them together. By decomposing the modelling process into small 
building blocks, partners can easily share these images and construct 
workflows by combining them without the need for tight coupling and 
dependency, similar to Unix pipes in flexibility and applicability. 

Acceptance Criteria 
Any component can process input from previous component and its 
output can be processed by the next component in the pipeline. 

Related Tasks T4.3, T3.4, T2.4, T2.3 

ID 
TR-F-6G-
Library-13 

Title 
Integration of multimodal telemetry 
(logs, traces, metric) during 
workflow deployment. 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

MLOPs Technology Provider 

Description 

Dockerised images containing one specific ML function such as scaling, normalization, feature 
extraction, classification, regression, etc. can serve as building blocks to create complex ML 
pipelines. 

Rationale 

Telemetry is important to track the status of experiments, its results, 
optimal parameters used, resource usage, etc, and the general state of 
the platform. With multimodal telemetry, it can aid in performing 
root-cause analysis and identifying issues such as network latency, 
service disruption, resource depletion, etc that can aid in workload 
management and pre-emption.  

Acceptance Criteria 
The telemetry dashboard should show the current metrics, logs, and 
traces of any deployed application and the infrastructure's telemetry.  

Related Tasks T4.3, T3.4, T2.4, T2.3 

ID 
TR-F-6G-
Library-14 

Title 

Multimodal (logs, traces, metric) 
dataset collection during 
deployment for anomaly detection 
modelling. 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

MLOPs Technology Provider 

Description 

For sustainable lifecycle management of deployed application, it is important for the system to 
detect if there is model drift or data drift and automatically triggers retraining of deployed 
model if such drift occurs. 

Rationale 
Detecting anomalies in the infrastructure is important to make sure 
deployments run smoothly and any issues can be resolved 
proactively. 

Acceptance Criteria 
ML model for anomaly detection should be able to detect injected 
faults with more than 90% accuracy. 

Related Tasks T4.3, T3.4, T2.4, T2.3 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 61  

ID 
TR-F-6G-
Library-15 

Title 
Develop a system for easy workflow 
sharing, orchestration, management, 
tracking, and monitoring 

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

MLOPs Technology Provider 

Description 

Use technology that relies on single source of truth such as GitHub repo containing helm chart 
or yaml workflow for easy management, tracking, and sharing of resources.  

Rationale 
It is important that workflows as well its building block components 
can easily be shared among partners to reduce redundancy of efforts 
and encourage collaboration and sharing.  

Acceptance Criteria 
Helm chart from a git-repo containing ML workflow deployed 
successfully with all its components working and successfully 
returning correct prediction. 

Related Tasks T4.3, T3.4, T2.4, T2.3 

ID 
TR-F-6G-
Library-16 

Title 

Design and implementation of 
parameterised workflow templates 
that can easily be shared for 
automated deployment   

UC1 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

MLOPs Technology Provider 

Description 
A workflow template avoids the redundant effort of creating ML workflows commonly used by 
experimenters by parameterizing the components that need to be customized. 

Rationale 

ML pre-processing and modelling workflows follow similar patterns 
that can be captured as a workflow template with parameters that can 
be customised to indicate the location of data, the location of the 
registry, hyperparameters to tune, features and target output, models 
to consider, etc. 

Acceptance Criteria Workflow template successful deployment of ML tasks. 

Related Tasks T4.3, T3.4, T2.4, T2.3 

5.2.1.4. Near-Field RIS components 

Table 31: Functional Requirements to Near-Field RIS components 

ID 
TR-F-6G-
Library-17 

Title 
RIS operation with RX unit’s location 
change 

UC3, Functional-
Test-05 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

RIS Technology Provider 

Description 

The RIS redirects the radio beam from the TX unit to new location of RX unit 
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Rationale 
The RIS location is fixed and when the RX unit location change then 
the radio beam needs to be redirected to new location of the RX unit 

Acceptance Criteria 
Communication signal link and data rate continuation after new radio 
beam direction from the RIS 

Related Tasks T4.2 

ID 
TR-F-6G-
Library-18 

Title 
RIS operation with TX unit’s location 
change 

UC3, Functional-
Test-05 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

RIS Technology Provider 

Description 

The RIS redirects the radio beam from the new TX unit’s location to the RX unit. 

Rationale 
The RIS location is fixed, and when the TX unit location changes, the 
radio beam needs to be redirected to the RX unit location. 

Acceptance Criteria 
Communication signal link and data rate continuation after new radio 
beam direction from the RIS. 

Related Tasks T4.2 

5.2.1.5.  Joint Communication and Sensing for RIS and CFmMIMO 

Table 32: Functional Requirements to ICAS for RIS and CFmMIMO 

ID 
TR-F-6G-
Library-19 

Title 
Joint communication and sensing in 
Cell-Free massive MIMO networks 

Functional-Test-07 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

ICAS/JCAS Technology Provider 

Description 

Develop functional pipeline for Joint Communication and Sensing. 

Rationale 
Allow benchmarking of sensing performance with different 
approaches. 

Acceptance Criteria 
Locate objects in the lab with the CFmMIMO setup in different LOS/N-
LOS conditions. Range accuracy for cell-free deployment that is a 
factor 2 better than the single Tx-Rx performance. 

Related Tasks T4.1 

ID 
TR-F-6G-
Library-20 

Title RIS integration with OAI FR2 Functional-Test-08 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

ICAS/JCAS Technology Provider 

Description 
Integrate GRW RIS with OAI FR2 gNB using O-RAN architecture. Develop an E2SM proxy that 
allows the integration of the RIS with OAI FR2 gNB that supports the O-RAN 7.2 split.  
Rationale Enable the remote control of the RIS using xApp.  

Acceptance Criteria 
Successful attack of UE to an FR2 network even in non-line of sight 
conditions. 
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Related Tasks T4.1 

ID 
TR-F-6G-
Library-21 

Title ICAS with RIS Functional-Test-08 

Type Domain Priority Topic Role 

Functional 6G-Library 
M (Must-
Have) 

ICAS/JCAS Technology Provider 

Description 

Develop xApp for FlexRIC to enable ICAS using the RIS.  

Rationale Validate ICAS by combining GRW RIS and OAI gNB  

Acceptance Criteria Locate UEs even in non-line-of-sight conditions. 

Related Tasks T4.1 

5.3. Facility Experimentation Plane & IDLM 
The SUNRISE-6G experimentation plane serves as the project's central pillar, acting as a federated 
facility that integrates all project testbeds into a unified, sustainable platform for pan-European 
experimentation throughout the SNS-JU program. 

All SUNRISE-6G testbeds are federated under the Facility Experimentation Plane which provides 
standardised workflows for experimenters and offers a publicly accessible Tenant Portal hosted 
by ISI/ATH to facilitate experimentation access. This federation ensures the seamless evolution of 
the participating testbeds into an E2E facility, enabling smooth collaboration and integration 
under a common framework. 

A notable feature of the experimentation plane is its integration with the 6G library of enablers, 
including new developments and components adopted from previous initiatives. These enablers 
are directly linked to experiments as part of the E2E UCs or the functional tests. External 
experimenters can access these functionalities through the Facility Experimentation Plane, with 
Test Cases interconnected to ensure ease of use. 

The plane also incorporates IDLM functionality, offering multiple “as-a-service” features to support 
experimenters effectively. 

In addition to the new assets developed during the project, the federated testbeds will provide 
access to 6G enablers implemented in existing 6G initiatives, particularly those from SNS Phase 1 
projects. These enablers will be available to external experimenters through the SUNRISE-6G 
experimentation plane, enhancing its capabilities and fostering broader collaboration. 
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Figure 5: SUNRISE-6G Experimentation portal login page 

5.3.1. Experimentation Portal Requirements 

This section lists the main requirements of the SUNRISE-6G Experimentation portal. 

1. User Login 
2. Support web-based test-triggering 
3. Offer multiple Views of Tests/Testbeds etc. 
4. Test results visualisation and persistence. 
5. KPIs validation/verification  

Table 33: SUNRISE-6G Experimentation portal requirements 

ID 
TR-F-
Experimentation 
-Facility-Portal-1 

Title User Login Any 

Type Domain Priority Topic Role 

F 
Experimentation 
Facility 

M 
(Must-
Have) 

Experimentation 
portal 

Experimenter 

Description 
The portal offers experimenters single-sign-on (SSO) functionality, enabling seamless 
interaction with the experimentation facility and authenticating users across the different 
testbeds with the same credentials. 

Rationale 
The alternative (per-testbed credentials) is not sustainable and adds a 
lot of friction to experimentation. 

Acceptance Criteria 
The ability to access experiments to all testbeds with the same set of 
credentials 
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Related Tasks T3.3 

ID 
TR-F-
Experimentation-
Facility-Portal-2 

Title Support web-based test-triggering Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
M (Must-
Have) 

Experimentation 
portal 

Experimenter 

Description 

Experimenters can start, stop and parameterise tests in all 14 testbeds (federation) through a 
web interface. 

Rationale 
Web interfaces supported for universal actions (start, stop, configure 
experiments) and changing simple parameters (e.g., number of 
runs); more advanced configuration options via configuration files. 

Acceptance Criteria 
Web interface support for all test cases 
Trigger experiment execution 

Related Tasks T3.3 

ID 
TR-F-
Experimentation-
Facility-Portal-3 

Title 
Offer multiple views for tests (all 
tests, running tests, grouped by 
testbed) 

Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
S 
(Should-
Have) 

Experimentation 
portal 

Experimenter 

Description 
Experimenters should be able to easily select a list of all tests supported by the facility and a 
view of the running tests, potentially grouped (or filtered) by the respective testbed (s). 

Rationale 

Due to the large number of supported tests, multiple views will 
allow experimenters to filter the lists of supported and running tests. 
Providing multiple views for tests enhances usability and efficiency, 
enabling experimenters to access and manage relevant test 
information quickly. Grouping or filtering by testbeds streamlines 
navigation, especially in complex environments, and supports better 
resource allocation and monitoring. 

Acceptance Criteria 

• Web-based views supported for available and running tests, 
with the ability to group (or filter) by testbed. 

• The portal must provide a default view listing all facility-
supported tests. 

• Tests must be organisable and filterable by testbed 
• Users must be able to search and sort tests by attributes such 

as name, status, or testbed. 
• Navigation between different views (all tests, running tests, 

grouped tests) must be seamless and intuitive. 
• User preferences for views (e.g., default filters) must be saved 

for future sessions. 
Related Tasks T3.3 
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ID 
TR-F-
Experimentation-
Facility-Portal-4 

Title 
Test results visualisation and 
persistence. 

Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
S 
(Should-
Have) 

Experimentation 
portal 

Experimenter 

Description 

The portal should support persistence and visualisation for test results, especially time-series 
data. 

Rationale 

Visualisation through the portal provides fast feedback loops to 
experimenters. 
Supporting persistence and visualisation of test results, particularly 
time-series data, ensures stakeholders can easily access, analyse, 
and interpret experimental outcomes over time. This enhances 
transparency, aids in troubleshooting, and supports decision-
making. 

Acceptance Criteria 

A centralised database for results collection; visualisation via 
charting library 
The portal must store all test results in a persistent database 
Visualisations must include interactive charts, graphs, and tables for 
time-series data. 
Test results must be exportable in commonly used formats (e.g., CSV, 
JSON, PDF). 
Data visualisation must update dynamically as new test results are 
added. 

Related Tasks T3.3 

ID 
TR-F-
Experimentation-
Facility-Portal-5 

Title KPIs validation/verification  Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
S 
(Should-
Have) 

Experimentation 
portal 

Experimenter 

Description 

The portal must validate and verify project KPIs through comprehensive visualisation tools 
that ensure accurate monitoring of progress and performance metrics. 

Rationale 

Ensuring the project's KPIs are validated and visually verified 
provides stakeholders with clear, reliable insights into the project's 
alignment with objectives and milestones, enhancing transparency 
and decision-making. 

Acceptance Criteria 

The portal must display KPIs in an intuitive and user-friendly 
interface. 
Users must be able to export KPI visualisations in multiple formats 
(e.g., PDF, CSV). 
The system must log validation and verification activities for 
auditing purposes. 
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Related Tasks T3.3 

5.3.2. IDLM Requirements 

Table 34: IDLM requirements 

ID 
TR-F-
Experimentation-
Facility-IDLM-1 

Title 
Intent Translation with Natural 
Language and TMF Using the IDLM 

Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
M (Must-
Have) 

IDLM Experimenter 

Description 
Experiments can use natural language to specify their requirements for seamless interaction 
with the experimentation facility. The IDLM will translate these into low-level configurations. 

Rationale 
The IDLM will accept both natural language and TMForum intents, 
select the appropriate testbeds related to each intent, and translate 
them into low-level configurations across the chosen testbeds. 

Acceptance Criteria 
The ability to select the appropriate testbed and translate 
requirements into the correct configurations. 

Related Tasks T3.4 

ID 
TR-F-
Experimentation-
Facility-IDLM-2 

Title Intent Activation Using the IDLM Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
S 
(Should-
Have) 

IDLM Experimenter 

Description 
Before activating the intent (running the experiments), the IDLM should negotiate with the 
experiment if activation is not feasible. 

Rationale 
Intent activation involves the IDLM verifying the feasibility of the 
experiment on the selected testbed. Once confirmed, the IDLM 
activates the intent and initiates the experiment. 

Acceptance Criteria 
The ability to perform a feasibility check on the corresponding 
testbed and run the experiment afterwards. 

Related Tasks T3.4 

ID 
TR-F-
Experimentation-
Facility-IDLM-3 

Title Intent Assurance Using the IDLM Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
C (Could-
Have) 

IDLM Experimenter 

Description 
After activating the intent, the IDLM can ensure the correct execution of the experiment based 
on the requirements specified in the intent. 

Rationale 
Intent assurance involves the IDLM monitoring the experiment to 
detect and resolve any anomalies, such as drift detection. The IDLM 
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performs self-healing actions to maintain experiment stability. 
Additionally, the IDLM ensures that the experiment execution 
remains compliant with the requirements specified in the intent. 

Acceptance Criteria 
The ability to monitor the experiment for anomalies and perform 
autonomous closed-loop self-healing actions. 

Related Tasks T3.4 

ID 
TR-F-
Experimentation-
Facility-IDLM-4 

Title 
Intent Reporting with Natural 
Language and TMF Using the IDLM 

Any 

Type Domain Priority Topic Role 

F Experimentation Facility 
C (Could-
Have) 

IDLM Experimenter 

Description 
The IDLM can report everything that happened to the experimenter using natural language or 
TMF. 

Rationale 

Intent reporting involves the IDLM reporting anomalies or updates 
regarding the experiment to the experimenters in natural language. 
Additionally, the IDLM will provide TMForum reporting. After the 
experiments, the IDLM will generate a user-friendly report 
summarising the overall status and outcomes. 

Acceptance Criteria 
The ability to report anomalies, updates, and results to 
experimenters using natural language. 

Related Tasks T3.4 

5.3.3. Data Collection and Experimentation SDK 

The Adaptation Framework is part of SUNRISE-6G's experimentation framework. It is responsible 
for triggering an experiment, interpreting the conditions and translating them to the appropriate 
configuration, collecting data from respective data sources, performing necessary calculations, and 
ultimately providing this data to the database. When a user selects an experiment to start, the 
Adaptation Framework communicates with the testbed to determine whether the experiment is 
available. The Portal will then retrieve, visualise, and export this data. 

The Adaptation Framework is responsible for: 

• Receiving the START request and experiment parameterisation from the Portal. 
• Triggering an experiment and determining if the experiment is available. 
• The Adaptation framework translates the content of the received requests into the 

necessary configuration and sends the configuration and experiment information to the 
testbed. 

• Receiving data from the testbed along with the corresponding experiment information. 
• Receiving the STOP request from the portal and issuing the necessary stop command to the 

testbed, including all the needed configuration 
• Performing necessary calculations and storing the data in the Portal’s database. 

 The flow between the Portal and the Adaptation Framework is shown in the diagram below. 
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Figure 6: Experimentation workflow using the Adaptation Framework 

5.3.4. Functional Requirements of the Adaptation Framework  

Table 35: Adaptation Framework Functional Requirements 

ID  
TR-F-Adaptation 
Framework-1 

Title  
Adaptation Framework 
integration interface 

Any 

Type  Domain  Priority  Topic  Role  

F  
Experimentation 
Facility  

C (Could-
Have) 

Adaptation 
Framework 

Experimenter  

Description  

The Adaptation Framework will provide an integration interface with the Portal to receive the 
START Request and experiment configuration. 
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Rationale  

The integration interface between the Adaptation Framework and the Portal 
ensures seamless communication for initiating START Requests and 
transmitting experiment configurations. This enables automated, efficient 
experiment setup and execution, reducing manual intervention and potential 
errors. 

Acceptance Criteria  

• The Adaptation Framework must successfully receive START 
Requests from the Portal with all required parameters. 

• Experiment configurations transmitted via the integration interface 
must be validated for completeness and accuracy. 

• Error-handling mechanisms must be implemented to address 
incomplete or invalid requests. 

• System logs must capture all interactions for traceability and 
debugging purposes. 

Related Tasks  T3.3 

 ID  
TR-F-Adaptation 
Framework-2 

Title  
Adaptation Framework testbed 
data and experiment 
information 

Any  

Type  Domain  Priority  Topic  Role  

F  
Experimentation 
Facility  

C (Could-
Have) 

Adaptation 
Framework 

Experimenter  

Description  

The Adaptation Framework will provide an integration interface for receiving data from the 
testbed along with the corresponding experiment information. 

Rationale  

The integration interface enables the Adaptation Framework to receive 
data directly from the testbeds, ensuring accurate correlation with the 
corresponding experiment information. This facilitates real-time 
monitoring, analysis, and decision-making to optimise experimental 
outcomes. 

Acceptance Criteria  

• The Adaptation Framework must successfully receive data streams 
from the testbed with associated experiment identifiers. 

• The interface must ensure that data integrity is maintained during 
transmission. 

• To detect inconsistencies, the system must validate the received 
data against the corresponding experiment information. 

• The interface must support high-throughput data transfers without 
performance degradation. 

• Logs must capture all data exchanges for traceability and auditing. 

Related Tasks  T3.3 

 ID  
TR-F-Adaptation 
Framework-3 

Title  
Adaptation Framework STOP 
request 

Any  

Type  Domain  Priority  Topic  Role  
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F  Experimentation Facility  
C (Could-
Have) 

Adaptation 
Framework 

Experimenter  

Description  

The Adaptation Framework will offer an integration interface to receive the STOP request and 
configuration from the Portal and forward them to the testbed. 

Rationale  

The integration interface efficiently relays STOP requests and configurations 
from the Portal to the testbed, enabling controlled and accurate termination 
of experiments and related processes and thereby maintaining system 
stability and data integrity. 

Acceptance Criteria  

• The Adaptation Framework must correctly receive STOP requests and 
configurations from the Portal. 

• The interface must forward the STOP request and configurations to 
the testbed without alteration or delay. 

• The system must confirm the successful receipt and execution of the 
STOP request by the testbed. 

• All interactions must be logged for traceability and compliance 
auditing. 

Related Tasks  T3.3 

ID  
TR-F-Adaptation 
Framework-4 

Title  
Adaptation Framework 
triggering an experiment 

Any  

Type  Domain  Priority  Topic  Role  

F  Experimentation Facility  
C (Could-
Have) 

Adaptation 
Framework 

Experimenter  

Description  

When a user selects an experiment to start, the Adaptation Framework communicates with the 
testbed to determine whether the experiment is available. 

Rationale  
The integration interface between the adaptation framework and the 
testbeds will be used to determine the availability of the experiment. 

Acceptance Criteria  
The ability to perform a feasibility check on the corresponding testbed and 
run the experiment afterwards. 

Related Tasks  T3.3 
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6. Functional tests 
This section describes functional testing for the SUNRISE-6G federation framework, including the 
components involved, experiment workflow, and target KPIs. Functional tests will serve as a basis 
for future cooperation tests, which will be defined in later versions of this document. 

6.1. Functional-Test-01: O-RAN Network Digital Twin 

6.1.1. Experiment Workflow 

Experiment-as-a-Service (EaaS) will be used to expose an O-RAN-related experiment definition, 
and the details of these definitions will be translated and adapted as low-level instructions for the 
RIC and Simulation layer.  To be more specific, a target RAN network topology in terms of CUs & 
DUs is defined for the experiment. An E2 agent should represent each CU and DU. RIC control 
operations and specifying UE trajectories and traffic characteristics should also be allowed. 

6.1.2. Components 

• Experiment-as-a-Service  
• O-RAN Digital Twin  
• Juniper non-RT RIC 
• Juniper Near-RT RIC 
• E2 Simulation Layer 
• UEs (emulated) 

6.1.3. Experiment Definition 

Input parameters: 

• Simulated RAN Network Topology 
o CUs and their respective locations 
o DUs and their respective locations 

• UE's trajectories 
• UE's traffic characteristics 
• xApp/rApp Definition 

Outputs: 

• O-RAN Digital Twin should be available to collect datasets. The format of the exposed 
datasets is still under discussion. A common, easy-to-process format, such as JSON, YAML, 
or CSV, should be expected. 

Experiment definition: No blueprint/yaml/configuration file exists for defining and customising 
experiments. These details are expected to be decided during T4.5 implementation. 

6.1.4. KPIs 

Energy saving of the O-RAN network infrastructure, emulated via the DT, and the average user 
throughput (20% improvement) 

6.2. Functional-Test-02: Energy Framework Showcasing 

6.2.1. Experiment Workflow 

The Energy framework takes test and energy experiment configuration data, schedules the test 
and returns the energy measurement data. 
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6.2.2. Components 

• Edge server with application (Linux server), optional testing end-point. 
• Core network; Open5GS and 5GC 
• NG-RAN and Acceleran O-RAN (DU/RU) 
• UE for application (Linux device with 5G radio) 
• InfluxDB (KPI performance, metadata and energy measurements)  

6.2.3. Experiment Definition 

Input parameters, input datasets with JSON: 

• JSON defining network configuration [CN, RAN (radio specification), UE (radio 
specification), Application (UE, optional Edge Application)), Energy hardware power 
meters (Edge, CN, RAN, UE)] 

Outputs JSON: 

• TestRun (configuration accepted/denied) 
• Schedule (running date/time) 
• Energy measurements (InfluxDB, potentially Pub/Sub with MQTT) 

1. Energy consumption data 
2. Metadata (timestamps, list of active network state statistics (throughput, load level, 

radio, etc)  

Experiment definition:  

• Python script (workflow), 
• Energy (startEvent, endEvent) 

6.2.4. KPIs 

To enable energy consumption comparison between different test network configurations at fine 
granularity, the measurement framework shall provide the following: 

• Energy consumption monitoring data on a network component level at the rate of 1 
measurement per second 

• Network KPI monitoring data on a UE level at the rate of 1 measurement per second 
• Signal quality indicator data on a UE level at the rate of 1 measurement per second 
• Aggregated base station load data at the rate of 1 measurement per 30 seconds 

6.3. Functional-Test-03: NTN experiments with emulated satellite nodes 

6.3.1. Experiment Workflow 

Experiment-as-a-Service will be used to provide an NTN-related experiment definition. The 
experimenter can change parameters such as TN path maximum capacity, NTN path maximum 
capacity, NTN path latency, etc. The experiment will be configured with the user's input 
parameters, and then it will start. At the end of the experiment a dataset (along with the metadata 
of the experiment) would be available, including various application-level and network 
performance measurements of the Athens Platform network. 

6.3.2. Components 

• OpenSAND NTN emulator 
• Smartphones or other UEs supporting dual connectivity (e.g., 5G HAT-Linux-based devices)    
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• Amarisoft RAN 
• Open5GS core network 
• MPTCP proxy 

6.3.3. Experiment Definition 

Inputs:  

• OpenSAND parameters (for the Satellite emulation) 
• NTN/TN path maximum capacity 

During experimentation, the characteristics of the emulated satellite path must remain consistent; 
to apply any configuration changes, the three entities—Gateway (GW), Satellite (SAT), and Satellite 
Terminal (ST)—must be stopped and restarted. The process involves stopping the entities via API, 
modifying the necessary parameters within XML configuration files (manually or via API), and 
restarting the entities through API. These XML configuration files define the infrastructure, 
topology, and operational profile, including parameters such as forward and return bandwidth, 
DVB-S2 and DVB-RCS2 waveforms, link delay, etc. A workflow engine based on OpenTap will be 
potentially utilised to support and streamline the configuration and control workflow between the 
satellite path emulation and the TN. 

Outputs: The dataset includes comprehensive throughput measurements obtained from a hybrid 
Non-Terrestrial Network (NTN) and Terrestrial Network (TN) backhaul setup, with varying 
backhaul capacities and congestion levels. It also contains latency measurements for a hybrid User 
Equipment (UE) device that can receive data from a service provider through terrestrial or satellite 
backhaul links, allowing insights into latency variations across different connection types. Finally, 
the Athens Platform network's application-level and network performance measurements will be 
captured to analyse overall system performance, providing a robust dataset to evaluate the 
efficiency and reliability of hybrid network environments. The structured output format is 
available in both CSV and JSON, ensuring compatibility with data analysis tools for streamlined 
processing and evaluation of hybrid network performance. 

6.3.4. KPIs 

• Increase at least 30% downlink throughput in comparison to single-access 
• Evaluate the system's capability to deliver uninterrupted service, ensuring disruptions are 

limited to 50 milliseconds. 

6.4. Functional-Test-04: E2E testing tool for measurements via Android UEs 

6.4.1. Experiment Workflow 

At the FhG FOKUS facility, the Open5GCore is deployed alongside RAN equipment from multiple 
vendors across various outdoor and indoor locations. Two Android phones are connected to the 
network, along with additional Linux hosts connected via a CPE. For example, the Linux host can 
be a Raspberry Pi or a PC. The Android phones will remain static throughout the experiment, 
though their initial placement can be adjusted if necessary. Changing the phones' positions is 
important for observing the influence of RSS on the network’s KPIs, including throughput, jitter, 
and latency. 

KPI measurements can be performed for downlink and uplink for any connected UE. The E2E KPIs 
are measured between UEs or a UE and the data network. These measurements can run 
continuously for any duration, with the collected data stored in a database hosted at the FOKUS 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 75  

facility. Additionally, the setup supports experimentation with QoS rule enforcement by specifying 
different 5QI (5G QoS Identifier) values for different UEs or streams within the same UE. 

Experimenters are granted VPN access to the FhG tenant network, where an instance of the 
Open5GCore is spawned. This instance is dedicated to the SUNRISE-6G project, it has the 
experiment’s environment deployed and ready to run. 

6.4.2. Components 

• Open5GCore: 5G Network Core (UPFs, AMF, SMF, UDM, PCF, NEF, and AUSF). 
• UE: Android phones and CPEs (Huawei and Nokia) providing 5G network access to Linux 

hosts (e.g., PC or Raspberry PI). 
• RAN: Amarisoft, Nokia, and Huawei, installed at different locations (garage, rooftop, and 

inside the room where the UEs are mostly positioned). 
• OMNT: Open-source testing framework developed in FhG FOKUS. It is deployed on Android 

phones for taking measurements. 

6.4.3. Experiment Definition 

Input parameters:  

• QoS identifiers (5QI or media type e.g., video, audio, and data) for each of the UEs or UEs 
stream.  

• Minimum and maximum required bit rate for each of the streams. 
• The traffic type (UDP, or TCP) for the CPE connected hosts only.  

Output:  

The data collected consists of a timeseries featuring the following values at each timestamp: 

• Position, RSS, and RSRP of the Android phones. 
• Latency, bandwidth, packet loss ratio, and jitter for the uplink and downlink for all 

connected UE’s (Android phones and hosts connected using CPE)  
• CPU utilisation and memory consumption for each component in the Open5GCore.  

Collected data is stored in InfluxDB and can be queried in JSON or CSV formats. Additionally, we 

offer the option to create a proxy for the InfluxDB API to deliver the data in a custom format with 

a specific schema. 

Experiment definition 

The experiment is initiated using a Python script that reads from a JSON configuration file. If 
necessary, a REST API can enable read, write, delete, and update operations on the configuration 
files, offering experimenters better management and control over their experiments. 

The experiment sequence doesn’t significantly affect the experiment results; however, it is helpful 

for verifying and observing the effect of QoS enforcement. This sequence can determine the order 

of the UEs' and their streams' connections, their coexistence times, and related factors. 

6.4.4. KPIs 

• A bandwidth three times larger is allocated to the stream with higher priority QoS (e.g., 5QI 
2), ensuring Guaranteed Bit Rate (GBR) for this stream, compared to a stream with lower 
priority QoS (e.g., 5QI 9). 
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• 80% packet loss ratio for streams with lower priority and 30% packet loss ratio for streams 
with higher priority QoS. 

6.5. Functional-Test-05: Near-Field RIS experiment 

6.5.1. Experiment Workflow 

Near-field RIS testing will be done at UOULU premises using the over-the-air (OTA) testing method. 
The experimenter will be able to change the positions of the transmitter (TX) and receiver (RX) 
units relative to the RIS position. The location of the TX unit is limited to the near-field operation 
of the RIS, which depends on the used operational frequency around 26-28 GHz and the physical 
dimension of the RIS itself. 

The experiment will be conducted with a modulated test signal generated in the base station 
emulator unit and convoyed to the TX unit, which is a phased array transmitter. The radio beam 
direction and one of the experimenters' parameters can be changed. The RX unit is a Quectel test 
mobile device whose physical location can be altered during the experiments so that the reflected 
radio signal needs to be redirected from the RIS. 

6.5.2. Components 

• RIS for redirecting the radio beam: Greenerwave 
• Base station emulator for generating modulated test signal: OAIBOX 
• Transmitter unit operating 26-28 GHz: TMYTEK 
• Test UE: Quectel HRM530N/F 

6.5.3. Experiment Definitions 

Input parameters: 

• Transmitter’s physical location with respect to the RIS. This can be expressed with 
horizontal angle and optionally horizontal angle and distance. The distance between TX and 
RIS is needed for near-field operation confirmation. 

• Receiver’s physical locations in respect of the RIS during the experiments. This can be 
expressed with horizontal angle and optionally horizontal angle and distance. The distances 
between TX to RIS and RX to RIS can be used for signal power level analysis. 

• Communication datarate, TX signal output power, communication frequency 
• RIS control: input signal angle and output signal angle to define radio beam steering of RIS 

Outputs:  

• At least the following datasets are recorded: 
1. Received signal power in UE, e.g., RSRP, communication signal strength. 
2. Communication datarate. 

Experiment definition 

• The experimenter defines and positions the TX and the RX units with respect of the RIS unit 
• The input and output parameters are stored at each TX and RX unit’s locations if and when 

those are physically moved during the experiment 
• The experimenter controls the RIS to change the direction of the reflected radio beam when 

the locations of TX or RX units are changed  
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6.5.4. KPIs 

The communication link and the data rate between the base station and the UE is maintained while 
the location of the UE is changed during the experiment. Data throughput is measured. Following 
KPIs with target values are measured: 

• Downlink measured data rate at least 1 Gbps 
• Uplink measured data rate at least 250 Mbps 

6.6. Functional-Test-06: 6G Self-configuration and self-deployment for Public 
Safety 

6.6.1. Experiment Workflow 

The workflow will allow application to select an allocation of a 5G autonomous system, 
automatically deployed and configured (using same frequency band. Mitigation of (simulated) 
interference is automatically performed), on one site inside a pre-defined set of sites. The 5G 
systems are interconnected via a constrained backhauling (SatCom) to Public Safety HQ. The 
testbed will provide an interface from the global federation layer to the private federation of RANs 
and an Interface to the test management portal for vertical apps. 

MEC will be available at edge (on deployed 5G systems with limited footprint) and in central place 
(HQ with a larger capacity). Prioritisation of local MEC access by mobile will be configurable by 
vertical application into the test workflow. 

The testbed aims to provide realistic support for experimenters using 5G self-configured devices 
deployed with constrained backhauling and prioritisation of mobile access. 

6.6.2. Components 

• Contribution to 6G eco-system with  
o Public/private federation gateway that need to be adapted based on WP3, WP4, WP5 

outputs. 
o Strategy of dynamic priority routing for distributed MEC usage 
o Auto optimisation of spectral usage for interference avoidance. 

• The testbed is built around virtual and simulated components to allow a medium-scale 
rollout. It includes simulated UE (SRSue 5G), Gnodeb (SRSran), Core (Open5Gs), real 
satellite emulation (OpenSand: DVB, multi spots sat), and private MECs based on the 
Kubernetes product.  

6.6.3. Experiment Definition 

Input: selection of 5G site, selection of the number of UE and their priorities (high, low), and 
application to be used for the test.  

Output: Frequency mitigation result for all active sites, application performance per UE, and 
deployment/configuration duration. Some MEC load information can also be provided to the 
federation (to be refined later). 

Test Configuration: Custom configuration file (JSON). 

The test configuration file will control the experiment's behaviour. 

6.6.4. KPIs 

A new optimised radio configuration (freq+bw) for all sites based on simulated interference (test 
parameter) will allow application QoE improvement by at least 0.5 in the MOS scale. 
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6.7. Functional-Test-07: Joint Communication and Sensing in cell-free test 

6.7.1. Experiment Workflow 

KUL will demonstrate JCAS in cell-free networking by improving range and localization resolution 
and accuracy compared to single Tx-Rx mono/bi-static radar for the same bandwidth, validating 
sensing overhead in terms of symbols, bandwidth, and angular resolution for a given sensing 
performance, and experimentally verifying the coexistence of sensing and radar signals and the 
feasibility of interference cancellation. 

The workflow tests different combinations of waveforms, OFDM symbols, antenna placement, and 
target positioning in the KUL MIMO lab. 

6.7.2. Components 

The experiment at KU Leuven maps the enabler in task 4.1, regarding Joint Communication and 
Sensing. 

• CFmMIMO testbed/channel logger composed of: 
o USRP x310 
o USRPx410 
o NI Octoclock 
o Compute Server 
o Data logger  

• Antenna arrays 
• Motion Capture system 
• Automatic XY-Positioner 

6.7.3. Experiment Definition 

Each experiment expects two files as input: 

• JSON file with the configuration of the radios and antennas (bandwidth, sample rate, gain, 
how many channels are active, waveform to be transmitted). 

• A numpy file (either. npy or .npz) containing the raw samples for the transmitter. 

The output is a set of files in SigMF format containing: 

• The raw samples 
• Positional information of the target 
• Timing information 
• Channel State Information 
• A JSON file with metadata such as the actual settings of the SDR, antenna(s) used, the format 

of the binary files, and the version of each library. 

In addition to the configuration file, each experiment is defined in a Python script and 
containerised using docker. The facility provides a standard docker template with all the necessary 
libraries included. 

6.7.4. KPIs 

The main KPI is the range accuracy for a cell-free deployment that is a factor of 2 better than the 
single Tx-Rx performance. 
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6.8. Functional-Test-08: ICAS with RIS 

6.8.1. Experiment Workflow 

In collaboration with GRW, the EUR testbed will integrate a Reconfigurable Intelligent Surface 
(RIS) with the OAI FR2 solution to conduct RIS-based experiments, including Integrated 
Communications and Sensing (ICAS). The GRW RIS and EUR integration relies on an O-RAN 
architecture, where RIS control and configuration are managed through xApps running on the O-
RAN Real-time Intelligent Controller (RIC). To support this integration, we design an E2SM proxy 
that acts as an interface between the RIS hardware and the RIC, enabling the xApp to control the 
RIS. 

The E2SM proxy, on one hand, uses the standardised E2 interface to communicate with the RIC, 
carrying RIS-specific E2SM messages used by the xApp to control the RIS. We have also designed a 
new service model, E2SM RIS, dedicated explicitly to RIS control. On the other hand, the E2SM 
proxy connects to the GRW RIS via a dedicated API (designed by GRW to control the RIS), 
translating E2SM RIS messages into commands that adhere to the RIS hardware specifications. 

As a result, all experiments will run within the xApp, which encloses the necessary logic to 
configure and control the RIS for both communication and sensing. Specifically, we envision an 
approach where the RIS extends coverage, forwards ICAS signals to the target area, receives the 
response signal, performs sensing using its built-in sensing capabilities, and sends feedback to the 
xApp on the RIC. Figure 7 illustrates the EUR testbed architecture dedicated to RIS integration. 

 

Figure 7: EURECOM testbed for RIS 

Details on the components are introduced in the next section.  

6.8.2. Components 

• OAI gNB supporting O-RAN 7.2 split 
o OAI CU runs as a cloud-native function at the edge.  
o OAI DU runs in a dedicated server supporting real-time communication  
o Commercial FR2 RU (LiteON) that uses the 27 GHz frequency band. 

• RIC: OAI FlexRIC supporting E2SM RIS model.  
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• UE: Commercial UE (Quectel FR2)  
• OAI 5G Core Network including AMF, SMF, UPF, AUSF, UDM, NEF, NWDAF 
• RIS FR2 operating in the frequency range 25.5GHz-29.5GHz 

6.8.3. Experiment Definition 

All the experiments need to run as xApp 

Collected outputs 

• KPM xApp to collect RAN metrics: RSRP, RSRQ, CQI, PUSCH SNR, PUCCH SNR, UL/DL data 
rate, UL BLER, DL BLER, and RLC queuing latency. 

• Dataset: RIS position, receiver position, obstacle position, channel conditions.  
• RIS FR2 operating in the frequency range 25.5GHz-29.5GHz. 

6.8.4. KPIs 

• Increase the sensing area range by a factor of 5 compared to one single Tx/Rx. 
• Increase the sensing accuracy by a factor of 2 compared to one single Tx/Rx. 

6.9. Functional-Test-09: Distributed Compute Continuum tests among SLICES 
nodes 

6.9.1. Experiment Workflow 

The seemingly distributed and disaggregated resources of different testbeds will be exposed as a 
unified computing continuum resource in this test, to be exposed/utilised by the vertical 
applications running over the top based on the diversity that each of the testbeds offers (e.g., 
dedicated RAN nodes, HW accelerated edge, etc.). The SLICES post-5G Blueprint will be used as a 
basis for deployment and exposing cloud-native services to the users. The components exposed to 
SUNRISE-6G users are spread across 3 countries (FR, IT and GR), with dedicated L2 connections 
for internetworking the different components. The SLICES components will be used as a 
distributed compute continuum, taking advantage of the SLICES services offered through the post-
5G blueprint, such as RIC-enabled RAN, programmable core and transport networks. The 
networking of the different SLICES nodes is offered as fully virtualised and programmable via 
Container Network Interface (CNI) plugins – akin to the SDN concept - providing capabilities like 
load balancing, service discovery, fault tolerance, traffic monitoring, circuit breaking, and access 
control. 

6.9.2. Components 

Several components will be used and further extended for the tests conducted within this test case. 
A key component for accessing the infrastructure is the SLICES-RI portal which provides 
authentication to the users and access to a reservation system for booking infrastructure 
resources. SLICES tools that address the experiment orchestration will be used, including the plain 
orchestration service (POS) used for preparing the experimentation environment and 
guaranteeing reproducible experimentation with the infrastructure resources, and the monitoring 
framework that allows fine-grained reporting on the infrastructure status and real-time statistics 
on its usage. A final component that will be used is the SLICES Metadata Registry System (MRS), 
that is collecting and labelling data according to the SLICES Data Management model before storing 
them. The experimenter has access to the data objects collected during the experiment, including 
all the applications/containers' outputs, measured performance metrics and the executed 
experimenter scripts. 
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For these tests, several of the infrastructure components will be exploited, as follows:  

1. ORAN compatible Remote Units (O-RUs) for creating a high-capacity RAN,  
2. GPU-enabled Edge Nodes for hosting the OpenAirInterface CU and DU components, 

compatible with the O-RUs,  
3. the OAI FlexRIC component, for providing a Radio Intelligent Controller through which 

xApps can be onboarded to the network,  
4. Core Network nodes, running the OpenAirInterface Core Network,  
5. generic compute nodes, equipped with the Quectel RM502Q modems, to be used as network 

UEs,  
6. high-capacity programmable transport network (>10Gbps for the RU-edge communication, 

and CU to core network communication depending on the location where the components 
will be deployed).  

xApps for monitoring statistics from the RAN will be used, with their output captured by the SLICES 
tools (POS and real-time monitoring). 

6.9.3. Experiment Definition 

Inputs: The experiment input will include a web-based dashboard allowing users to configure and 
parameterise the post-5G Blueprint service. The web-based dashboard and the SLICES 
authentication mechanism will be integrated with the one provided by 6G-SUNRISE in order to 
ensure a seamless experience between the two platforms. The configurable parameters within 
SLICES include the selection of sites on which the components will be deployed, what applications 
will be onboarded to the network (provided through a url that can be downloaded on the nodes), 
as well as the parameters for the telecommunication network, including the base station 
disaggregation level (e1/f1 splits), slices for the infrastructure and UEs that need to be 
programmed to the network. Once the parameters have been configured, they are submitted to the 
pos service and scheduled for deployment.  

Outputs: Once the experiment has been scheduled over the infrastructure, the experimenters get 
shell access to the Kubernetes cluster that manages all the different components. From there, they 
can interact with all the deployed components, run additional applications, perform tests, etc. As 
the components are spread across the continuum, they are interfaced as being seemingly local 
components. After the experiment, the user gets access to the collected data stored in the SLICES 
data management infrastructure. 

6.9.4. KPIs 

The main KPIs to report for this test case are the following: 

• Time to deploy the experiment per user (<1min, including the deployment of softwarised 
5G components) 

• Number of parallel experiments in the infrastructure (>4, using real hardware radios) 
• Time to apply parameters to the experiment using the integrated tools (<30secs, to apply 

new settings) 
• GNSS enabled fronthaul network between the RU and DU (capacity > 10Gbps, PTP enabled 

with hardware timestamping) 

6.10. Functional-Test-10: AI plane (MLOPS) federation within 3 testbeds 
The main objective of this functional test is to showcase the capabilities of the E2EAI federation. 
To do so, a “global” MLOps deployment must interface with local implementations. Three testbeds 
will be initially involved in the AI federation: the KUL /ICOM testbed, which will deploy “global” 
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MLOps components, and the ISI/IBM and EUR testbeds, which will interface with their own local 
MLOps deployments.  

The AI federation will be tested via two experiments: validation of the E2EAI framework 
(experiment 1), natural language processing (NLP) experimentation, and intent-based AI for 
networks (experiment 2). 

6.10.1. Experiment 1: E2EAI framework 

6.10.1.1. E2EAI Validation: Experiment Workflow 

A workload prediction task using time-series data will be deployed for the AI Federation 
experiment. Pre-trained, time-series Foundation models will be served from a centralised model 
registry to local testbeds, where they will be fine-tuned based on local data. A common data 
processing workflow template will be shared across testbeds since the shared model must use the 
same data normalisation and feature extraction pipeline for its input.  

6.10.1.2. E2EAI Validation: Components 

• Centralized ML Registry (such as MLFlow model registry) 
• Centralized blob storage (such as Minio) 
• Local MLOps stack components, deployed at each testbed. 
• API interfaces for the E2EAI federation communication 

6.10.1.3. E2EAI Validation: Experiment Definition 

Input parameters 

• time-series data (cloud/server usage, performance and monitoring data, etc.) 
• Pre-trained models and model weights 

Outputs:  

• Workload predictions at different time intervals, 
• Fine-tuned models, 
• updated model weights 

Experiment definition: Python scripts and YAML configuration files. 

6.10.1.4. E2EAI Validation: KPIs 

Reduce training time by 20% compared to training the model from scratch. 

6.10.2. Experiment 2: NLP experimentation 

6.10.2.1. NLP: Experiment Workflow 

Intent-based AI provides a promising approach for end-to-end automation that starts with user 
intent and ends with the best model being selected, which is then continuously monitored to 
maintain the constraints imposed by the user intent. Large Language Models (LLM) can be 
important in translating user intent to selecting the best deployment model. The experiments will 
be demonstrated on a Kubernetes cluster in one of the testbeds.  

The following experiment will demonstrate intent-based AI's performance using LLMs in 
SUNRISE-6G. 

6.10.2.2. NLP: Components 

• Model and intent Risk identifier  
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• Kubernetes Cluster 
• Large Language Model (ex. Ollama) 
• Cloud storage (ex. Cloud Object Storage) 
• APIs with E2E service and communications with end-user 

6.10.2.3. NLP: Experiment Definition 

Input parameters:  

1. User intent in natural language (text).  
2. Input datasets (optional)  
3. Target variable (optional) 
4. User feedback (text) 

Outputs: Machine learning model for deployment (YAML/JSON) 

1. Experiment definition: Broad description of the experiment is as below: 
2. User intent in natural language is taken as input 
3. The intent is expanded using LLMs to cover a list of requirements and pre-

processing steps that need to be satisfied in the deployed model.  
4. The requirements are matched with model cards to find the best model that satisfies 

the constraints and requirements set by the user and expanded by the LLM (using 
RAG/CoT/LoRA fine-tuned models).  

5. The best model is sent to E2E service for deployment and monitoring.  
6. User-in-the-loop models will be used to improve the performance. 

6.10.2.4. NLP: KPIs 

• 70% accuracy in finding the best model for deployment comparing.  
• 90% accuracy in finding the best model for deployment with user-in-the-loop 

6.11. Functional-Test-11: Testing of the AI-driven threat mitigation 
framework 

The 6G design envisions close integration of computation and communication, deploying a new 
type of network architecture for (extreme) edge-to-cloud continuum resource orchestration by 
interconnecting computing and storage resources located anywhere in the network and, therefore, 
defining an expanded network compute fabric that spans the entire path between edge devices 
and cloud(s) and enabling a hyper-distributed and hyper-connected environment for the 
deployment of a diverse and computationally heavy UCs and applications. Cognitive services 
conducting complex perception and native AI capabilities provided as functions deployed across 
the mobile system delivering intelligence on demand (when/where needed) across the 
communication system are offered by SUNRISE-6G platforms to support heterogeneous resource 
federation and orchestration. 

6.11.1. Experiment workflow 

This 6G enabler, while directly interacting with the network segments of a 6G network (VNFs, 
devices, applications, etc.), devises mitigation strategies for countering cyberattacks. The 
experiment starts after selecting the specific classifiers that will monitor the network. It is a single 
script. The workflow is the same for all experiments. The steps generally are:  

1. Select classifiers,  
2. run attacks,  
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3. identify attacks,  
4. and receive mitigation action.  

Maybe a scheduler is going to be used to optimise the experiment. 

6.11.2. Components 

• 6G enabler (s) mapped to the experiment (WP4 enablers) 
• testbed components and devices involved (smartphones, UEs, RIS, gNBs, O-RAN DU/RU) 

The framework devises mitigation strategies for countering cyberattacks in any network segment 
of a 6G network, either at the Physical Network Functions (PNFs), VNFs, IoT devices, applications, 
or services by directly interacting with these components and/or the network interconnecting 
them. This framework is deployed on top of a Security Information and Event Management system 
(SIEM) or any other security data processing tool. It offers an ensemble learning approach where 
multiple ‘opinions’ from various ML models are considered, significantly improving its 
performance. 

The experiment runs on a 5G testbed based on a Cloud RAN architecture or a fully virtualised 5G 
RAN or Amarisoft RAN. Simulated UEs/traffic and malicious traffic generators to trigger the AI-
driven Decision-Making mitigation framework based on Ensemble Learning. 

6.11.3. Experiment Definition 

This test will demonstrate the use of emulated malicious traffic to test and validate the mitigation 
framework's response time and the effectiveness of the AI detection component. This enabler will 
become available on a fully virtualised high-end server through the use of open-source RAN and 
Core such as OAI, O-RAN and Open 5Gs, where threat detection and mitigation is an integral part 
of the 5G and Beyond system. Multiple ML models will be initially trained on attack signatures from 
the many available open datasets cont., and the efficiency of the ensemble learning approach on 
performance will be assessed. The parameter that can be programmed is the selection of various 
classifiers before execution. For now, the selection is done by a Python script, which selects the 
different classifiers to run. 

6.11.4. KPIs 

Target less than 1 minute mitigation time against cyber-attacks compared to the existing SoTA of 
480 minutes. 

6.12. Functional-Test-12: Testing of cell-free enables Near-RT RIC 

6.12.1. Experiment Workflow 

This test will demonstrate the use of Near-RT RIC to determine the serving RU based on collecting 
the measurement through the E2 interface. During the test, the xApps at the Near-RT decide which 
RUs should serve each UE based on the measurements. The xApp at the Near-RT RIC will indicate 
the Measurement Cluster and the Serving Cluster during UE mobility. The Measurement Cluster 
refers to the list of the RUs from which UE signal strength measurements should be collected. 

6.12.2. Components 

• UE 
• O-DU/O-CU/RIC Software 
• xApps 
• USRP x410 



D2.1 “Report on requirements” 

©SUNRISE-6G  Page | 85  

• Antennas 

6.12.3. Experiment Definition 

Input parameters: 

• KPMs from CU and DU (e.g., number of physical resource blocks available for downlink and 
uplink, downlink user throughput, uplink user throughput, total available resource blocks 
in uplink and downlink, etc.). 

Outputs: 

• List of UEs connected with a number of Rus. 

Experiment definition:  

• xApps are deployed in near real-time RIC, based on collecting KPMs from CU and DU over 
an ORAN-compliant E2 interface. 

6.12.4. KPIs 

Spectral efficiency performance improvement 3x [bit/s/Hz] with 256 QAM 75% capacity 
compared to the non-cell free baseline. 
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7. SUNRISE-6G Use Cases 
This section will overview the SUNRISE-6G UCs proposed for testing and validating the SUNRISE-
6G framework. The description includes not only motivation and an in-depth description but also 
a list of requirements and a 6G enablers gap analysis. 

7.1. Use Case 1: Federated Metaverse 

7.1.1. Motivation & Objectives 

Despite major advances and increased maturity, the eXtended Reality (XR) ecosystem still faces 
key performance, interoperability, sustainability, and cost barriers when targeting ubiquitous 
networked services over heterogeneous environments. While such challenges are not limited to 
any single specific technological pillar, next-generation cloud continuum and network 
technologies can become fundamental enablers to overcoming current limitations in the XR 
domain. Besides increased ubiquity and performance (mainly in reliability, latency and 
bandwidth), 6G cellular networks allow for adaptable configurations and expose resources and 
functions programmatically and elastically to target services. This results in emerging service-
oriented paradigms and even associated business models termed NaaS, in which networks are 
turned into application platforms. Furthermore, the advent of 6G networks results in a 
sustainability trend where MNOs can share resources, creating a comprehensive cloud continuum 
through federation. 

 

Figure 8: Federated Metaverse UC1 visual 

In this context, SUNRISE-6G aims to provide cross-domain 6G Federation Platforms powered with 
innovative enablers, like Cognitive Cloud Continuum, network exposure and aggregation 
capabilities and associated NaaS APIs. Such contributions will offer remarkable benefits to XR 
services, and in particular, they will be assessed and demonstrated for a Federated Metaverse UC, 
which will support real-time multiuser holographic communications with users connected across 
cross-country environments via inter-domain networks. 

The objective of this Federated Metaverse UC is to enable ubiquitous, adaptive, and scalable XR 
holographic communication services with realistic and volumetric user representations captured 
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in real-time and integrated into a shared Metaverse scenario when the involved users are 
connected through remote and federate (cross-country) 6G experimentation facilities, by 
leveraging key 6G enablers from SUNRISE-6G (Federation Framework, NaaS APIs, Cognitive Cloud 
Continuum and Orchestration policies…). 

7.1.2. Use Case 1 Description 

Most state-of-the-art multiuser Social XR or Metaverse platforms currently use synthetic avatars 
to represent users [2] . However, recent studies have reflected on the remarkable benefits of 
providing realistic user representations in Metaverse-related services, such as trustworthiness, 
levels of embodiment, co-presence, and quality of interaction [3] . 

SUNRISE-6G counts with a fully functional and worldwide pioneering Metaverse platform called 
HoloMIT [4] , able to provide real-time multiuser holographic communications with realistic and 
volumetric user (self and others) representations, using low-cost and off-the-shelf XR capture and 
rendering hardware (Figure 9). Up to date, HoloMIT has been assessed and validated in different 
scenarios for a set of relevant UCs, such as collaborative viewing [3]  , interactive virtual events [2] 
, and virtual meetings [4] , obtaining satisfactory and promising results. However, state-of-the-art 
holographic communication (and Metaverse-like) technologies and platforms still encounter key 
needs and challenges in terms of mainly:  

(i) performance (e.g., delays, fps, resolution, stability…);  
(ii) resources consumption (processing, bandwidth…);  
(iii) adaptability and scalability (and thus inter-operability); and  
(iv) effective deployment over multi-domain and heterogeneous scenarios.  

SUNRISE-6G will provide new 6G enablers to enhance HoloMIT's versatility and performance, 
allowing for its successful deployment and usage in ubiquitous scenarios.  

 

Figure 9: Examples of holographic communication scenarios using the HoloMIT platform 

7.1.3. Use Case 1 Scenario Top-Level Design 

HoloMIT has been built by integrating modular client-based (e.g., multi-sensor captures sub-
systems, encoding/decoding, presentation, interaction features) and server-based (e.g., Session 
and Media Managers) components and modules, which are deployed in traditional client-server 
architectures, either with usage of Selective Forwarding Units (SFU) or of Multipoint Control Units 
(MCU) [5] , with well-defined interfaces. 

SUNRISE-6G aims at exploiting the modularity of HoloMIT and the complete control over its end-
to-end components to extend it with novel interfaces with 6G enablers from the project that will 
allow for: 

(i) devising and adopting an elastic and scalable architecture with the assistance of Cloud 
Continuum and Federation capabilities; 
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(ii) adapting transversal XR media functions (e.g., forwarding, transcoding…) for their strategic 
orchestration and deployment over the Cloud Continuum, based on needs/demands; 

(iii) devising and adopting strategic mechanisms to boost uplink/downlink capacity by 
aggregating carriers and transport layer connections 

(iv) leveraging and adopting Network Exposure Functions (NEF) and associated service-
level APIs to notify about congestion situations and/or request QoD features. 

Figure 10 sketches the envisioned platform evolution to contribute to the next-generation 
affordable and interoperable holographic communication services with increased performance, 
adaptability, scalability, ubiquity, and user satisfaction. This will also contribute to higher 
sustainability (due to resource usage and cost minimisation and the availability of an effective 
medium reducing the need to commute for face-to-face gatherings). Cross-domain federation and 
network exposure capabilities will be leveraged and demonstrated in the Metaverse UC, by 
adopting and adapting HoloMIT, which will be deployed at 2 SUNRISE-6G testbeds (i.e., I2CAT and 
KUL) that will represent two Metaverse rooms. CAMARA APIs will be leveraged to seamlessly 
deploy cloud/edge HoloMIT services at any testbed node (cloud or edge) completely unchanged.  

 

Figure 10: Envisioned evolution of HoloMIT in SUNRISE-6G2 

7.1.3.1. Scenario 1: Federation via Edge-Cloud capabilities and APIs 

SUNRISE-6G will offer APIs to identify Edge Cloud resources, where Virtualised Network Functions 
(VNF) for XR processing and communication functions (e.g., Selective Forwarding Units (SFUs) [2]  
and even transcoding units [5] ) can be instantiated in a strategic, flexible, and agile manner. 
Diverse Edge selection criteria can be configured based on location, available resources or 
business-related aspects (e.g., costs or agreements with specific providers / Operators). 
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Additionally, these Edge Cloud APIs can provide capabilities to facilitate VNF/AF lifecycle 
management. 

The first phase of this experimentation case will demonstrate the feasibility of running holographic 
communication sessions across federated domains and associated performance levels. The second 
phase will explore the benefits of the Federation Framework and associated Edge-Cloud APIs.  

7.1.3.2. Scenario 2: Exposure and Consumption of Network Capabilities 

SUNRISE-6G will expose advanced network capabilities via simplified APIs. These include Rate 
Recommendations based on detected congestion (or other network analytics/QoS metrics) and 
the ability to request QoD to be enforced via diverse network capabilities, such as QoS Class 
identifier (QCI) prioritisation – to boost the priority of one of the flows; Aggregate Maximum Bit-
Rate (AMBR) limitation – to protect the flow of interest by limiting the max rate of other flows; and 
Access Traffic Steering, Switching and Splitting (ATSSS), to aggregate, e.g. 5G and WiFi segments, 
if available.   

Such experimental cases will require the extension of both User Plane XR AFs—to perform the 
required media adaptations—and Control Plane XR AFs to appropriately interface with the NaaS 
API via both NBI and potentially EWBI (in case of federation). 

7.1.4. Use Case 1 Requirements and Target KPIs 

7.1.4.1. Functional Requirements 

Table 36: Functional requirements for UC1 

ID Functional Requirements 

REQ-F-01 

Rate Adaptability: the XR services need to be able to dynamically adapt the 
transmitted video quality/bitrate to adhere to the available needs and/or 
resources based on recommendations provided by Control Plane network 
elements 

REQ-F-02 

Real-time cross-layer KPI metrics measurement and monitoring: the 
capability to measure, report, monitor, and potentially expose, in real-time, a wide 
variety of cross-layer KPIs (e.g., performance and resource usage levels) from the 
XR service. 

REQ-F-03 
Edge Computing and Orchestration: Capabilities to leverage Edge Computing 
and Orchestration enablers to offload XR processing functions from clients or to 
bring communication servers to the most appropriate Edge. 

REQ-F-04 
Federation Capabilities: The 6G network shall offer APIs to identify Edge Cloud 
resources, where VNF for XR processing and communication functions can be 
instantiated in a strategic, flexible, and agile manner. 

REQ-F-05 

Exposure Capabilities: the 6G network shall expose advanced network 
capabilities via simplified APIs to the XR services, like Rate recommendations 
based on detected congestion (or other network analytics/QoS metrics), and the 
ability to request QoD to be enforced via diverse network capabilities, such as: QCI 
prioritisation – to boost the priority of one of the flows; AMBR limitation – to 
protect the flow of interest by limiting the max rate of other flows; and ATSSS – to 
aggregate 5G and WiFi segments. Such features can be provided through 
Northbound Interface (NBI) to Control Plane XR Application Functions (AF). 
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7.1.4.2. Non-functional Requirements 

Table 37: Non-functional requirements for UC1 

ID Non-Functional Requirements 

REQ-NF-01 
End-to-end latency: the end-to-end latency for XR communications over 
federated domains shall be lower than 200ms. 

REQ-NF-02 Scalability: sessions with up to 8 concurrent users shall be supported stably. 

REQ-NF-03 
Resources Saving: Edge Computing and NaaS APIs capabilities shall allow the 
saving of processing resources up to 30% and bandwidth up to 50%, with a 
focus on the client side.  

REQ-NF-04 
Increased Quality of Experience (QoE): Edge Computing and NaaS API 
capabilities shall result in increased QoE (at least 1 point on the Mean Opinion 
Score (MOS) scale) for the end-users. 

7.1.4.3. Business Requirements 

Table 38: Business requirements for UC1 

ID Business Requirements 

REQ-Β-01 
 

Relevance for at least 3 Business Roles from the XR Application, Testbeds 
and Network/Cloud Providers, with >=2 KPIs and >=2 KVIs associated with 
each of them (Use SUNRISE-6G to ensure the set of applications operates 
correctly and meets its intended functionality) 

REQ-Β-02 
 

Open Access Datasets: Provide valuable Open-Access datasets (KPIs, KVIs, 
XR traffic patterns…, etc.) for the scientific and standardisation communities 

 

Table 39: Business roles and their interest in Use Case 1 

Business roles (and provided benefits) Partners 

Application Business Owner (ABO)  
(They are provided with network and infrastructure resources and federation 
platforms, so their applications/services can be deployed and offered over 
ubiquitous cross-country and cross-operator environments) 

I2CAT 

Testbed Business Owner (TBO)  
(They can monetise leasing of resources and exposure of capabilities/NaaS APIs) 

I2CAT, KUL 

Network/Cloud Provider (NCP) 
(They can monetise Edge-Cloud APIs so that their Edge resources can be 
discovered and selected by ABO) 

I2CAT, KUL 

7.1.4.4. Target KPIs 

Table 40: KPI Values for UC1 

KPI KPI Target Value 

KPI-UC1-1 
Reduction of data rate up to 50% bandwidth requirements with acceptable 
perceptual quality (potentially, it can be downgraded as much as needed), 
in a frame level granularity 
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KPI-UC1-2 
The end-to-end latency for XR communications over federated domains 
shall be lower than 200ms 

KPI-UC1-3 
Edge Computing and NaaS APIs capabilities shall allow the saving of 
processing resources up to 30% and bandwidth up to 50%, with a focus on 
the client side. 

KPI-UC1-4 
Edge Computing and NaaS APIs capabilities shall result in increased Quality 
of Experience (QoE) (at least 1 point in Mean Opinion Score (MOS) scale) 
for the end-users. 

7.1.5. Gap Analysis on 6G Enablers 

SUNRISE-6G will devise and deliver innovative 6G enablers that mitigate key gaps in the scope of 
ubiquitous cross-domain Metaverse scenarios [6] . This section outlines the main technological 
gaps that 6G systems allow bridging. 

Cross-domain Federation: the ability to efficiently federate cross-domain and cross-MNO 
platforms/testbeds. 

Cognitive Cloud Continuum Orchestration: the ability to discover and select Edge resources to 
instantiate (and de-instantiate) VNFs relevant to XR processing and communication along the 
Cloud Continuum by adhering to specific criteria (e.g., geographic information, performance levels, 
available resources, business criteria…) 

Exposure and Consumption of Network Capabilities: Diverse NaaS APIs will enhance XR 
services' performance, interoperability, and resource usage levels. 

7.2. Use Case 2: Collaborative Robotic Exploration of Mining Environments 

7.2.1. Motivation & Objectives 

Robotic applications, particularly in the mining industry, increasingly rely on autonomous multi-
agent systems for monitoring and exploration tasks. Nowadays, most developed solutions often 
use centralised and onboard control algorithms based on peer-to-peer communications and, more 
recently, on the advanced features of 5G networks. The latter allows for partially offloading 
computationally demanding tasks from the onboard platform to 5G-enabled edge cloud servers. 
Although this helps with compute-intensive workloads, 5G-edge capabilities still introduce 
unwanted latency and are insufficient for multi-agent high-capacity uplink missions, making them 
unsuitable for time-sensitive, computation-heavy tasks.  
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Figure 11: Robotic Exploration of Mining Environments UC2 visual 

6G-enabled edge computing is expected to provide a solution by offering low-latency, scalable, and 
self-healing capabilities. Robots will communicate and cooperate in future mining environments 
via edge-based architectures, enabling real-time decision-making and task execution. Centralised 
schemes will optimise system performance, while edge technologies manage computational 
demands across clusters. This approach is critical for the autonomous machines of tomorrow.  

7.2.2. Use Case 2 Description 

UC2 will take place in the Sub-Terranean (Sub-T) laboratory of the Robotics and AI (RAI) group at 
LTU. The laboratory is an underground facility consisting of multiple tunnels of varying lengths, 
sizes, and shapes, uniquely suited for validating and demonstrating robotic applications for the 
mining industry. A picture of the main tunnel is visible in Figure 12. 

 

 Figure 12: Main tunnel and partial map of the Sub-Terranean laboratory of the RAI group 

UOULU will provide a 6G private network within the Sub-T tunnel environment to enable this 
scenario. To showcase the federation of private networks, the UOULU facility will implement the 
Slices Blueprint federation model and connect the private 6G network installed in the Sub-T Lab 
to the SUNRISE-6G network through it. 
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On the other hand, the RAI group at LTU will utilise the 6G network for advanced computing 
offloading tasks via 6G-enabled edge cloud servers. This will reduce the computational 
requirements on the onboard robotics platforms for complex missions and enable the deployment 
of multi-agent systems. These systems will involve multiple robotic machines offloading tasks and 
communicating with each other for advanced swarming operations (e.g., mining exploration and 
mapping). Additional 6G features, such as localisation, adaptive QoS, and AI capabilities, will also 
be explored.  

7.2.3. Use Case 2 Scenario Top-Level Design 

In the reference test scenario, multiple components are involved. More in detail, it is possible to 
identify four main components:  

1. The RAI’s robotic platforms are connected to the 6G network in the Sub-T lab.  
2. The 6G network testbed deployed in the Sub-T lab, allowing low latency and high 

throughput communication between the robotic platforms and the 6G-edge cloud server.  
3. The OULU or LTU 6G-edge cloud server, used to offload computing intensive tasks, multi-

agent robot’s controllers, etc., and the optional local breakout of the OULU network located 
in the LTU facility.  Capabilities can also be delivered through a “network on wheels” type 
system instead of the local breakout. 

4. Additional components of the 6G network belonging to the network federation enable 
advanced 6G-framework capabilities (e.g., E2EAI framework, etc.).  

Figure 13's schematic representation provides a high-level overview of the components involved 
in the mentioned UC.  

 

Figure 13: Robotic 6G-enabled offloading for mining environments use case   

This includes an Edge node and RAN deployment delivered by the Luleå Technical University and 
a 5G Core located in the Oulu 5G Test Network. The SUNRISE-6G Open Federator framework is 
leveraged to interconnect the LTU deployment with the UPF of the 5G Core in Oulu. Using UPF, data 
from the robots is routed directly to the Edge server, which is available locally in the Sub-T Lab.  
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7.2.3.1. UC Scenario 

This UC scenario leverages 6G-enabled platforms to showcase multi-agent missions for exploration 
and mapping tasks (e.g., LiDAR and radio coverage mapping in the tunnels), as well as the usage of 
a 6G-edge system for advanced computational sensor dataflows processing offloading (e.g., offload 
LiDAR and/or high-quality image streams processing in the 6G-edge). Based on the available 
network capabilities (in terms of available throughput, latency between the robots and the edge 
server, as well as signal quality and coverage in the tunnels of the Sub-T testbed facility), the 
robotic platforms will try to exploit the advanced offloading capabilities of the 6G-edge server, thus 
enabling complex real-time robotics operations in mining-like environments. The UC will try to 
reach and test the boundaries of the 6G network to optimise the robotics applications suitable for 
mining operations. SUNRISE-6G technologies involved in the UC2 are E2EAI and Open Federator 
frameworks. The open dataset to be produced in the experiments is called Dataset on Three-
Dimensional (3D) Point Cloud scans of a subterranean area. 

7.2.4. Use Case 2 Requirements and Target KPIs 

7.2.4.1. Functional Requirements 

Table 41: Functional requirements for UC2 

ID Functional Requirements 

REQ-F-01 
Low-latency communication: The network must provide one-way 
latency below 10 ms between the UE and the Edge server, enabling real-
time autonomous robot operations. 

REQ-F-02 
High Uplink Capacity: The network must support uplink throughput of up 
to 100 Mbps to handle data-intensive tasks like LiDAR and high-quality 
image streaming from multiple agents. 

REQ-F-03 
Edge Computing Offloading: enable dynamic offloading of computation-
heavy tasks (e.g., LiDAR/image processing) to the edge server to ensure 
onboard computational efficiency. 

REQ-F-04 
Multi-Agent Control: the system must support multi-agent coordination 
and communication protocols that enable collaborative tasks like mapping 
and exploration. 

REQ-F-05 
Adaptive QoS Prioritization: implement adaptive network QoS to allocate 
network resources dynamically between different UEs based on task and 
device priorities. 

REQ-F-06 
Federation with SUNRISE-6G Network: Ensure seamless integration of 
Sub-T Lab’s 6G network with the broader SUNRISE-6G network federation. 

7.2.4.2. Non-functional Requirements 

Table 42: Non-functional requirements for UC2 

ID Non-Functional Requirements 

REQ-NF-01 
Architecture Scalability: the architecture should support scaling 
regarding the number of robots, sensor data, and computational load 
without degrading performance. 
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REQ-NF-02 

Data Security and Privacy: Secure all communications and data 
transmissions, especially inter-network communications within the 
SUNRISE-6G network federation, to ensure compliance with privacy and 
security standards. 

REQ-NF-03 
Real-Time Performance Monitoring: Continuous monitoring of the 
relevant network KPIs, like latency, throughput, and the main radio quality 
indexes, to maintain real-time operation standards.  

7.2.4.3. Business Requirements 

Table 43: Business requirements for UC1 

ID Business Requirements 

REQ-Β-01 
 

Partner Contributions Management: Identify each partner's roles and 
contributions to enable effective collaboration within the defined UC. 

REQ-Β-02 
 

Open Dataset Availability: Establish protocols for creating and sharing 
the dataset combining radio KPIs and 3D Point Cloud scans of a Sub-T lab 
as a public resource for future development. 

 

Table 44: Business roles and their interest in Use Case 2 

Business roles Partners 

Subterranean Testbed Facility Provider LTU-RAI 
6G Network Provider UOULU 
Network Federation Integrator UOULU 
Robotics Platform Provider LTU-RAI 
System Integration and Deployment LTU-RAI, UOULU 
Open Dataset Creation and Management LTU-RAI, UOULU 
Edge Computing Infrastructure Provider LTU-RAI 
Robots Controllers and Data Processing Algorithms Developments LTU-RAI 

7.2.4.4. Target KPIs 

Table 45: KPI Values for UC2 

KPI KPI Target Value 

KPI-UC2-1 
Dynamic allocation of computational resources for executing the AI in the 
edge while keeping the real-time bounds of 10Hz. 

KPI-UC2-2 Model training time reduction by 50% via E2EAI capabilities. 

KPI-UC2-3 
High data-rate uplink throughput capabilities toward the 6G edge server 
based on the network configuration and capabilities. 

7.2.5. Gap Analysis on 6G Enablers 

Latency and Reliability: although 5G provides improved latency, it is insufficient for the ultra-
low-latency requirements of multi-agent robotics systems in real-time mining operations. 6G’s 
Ultra-Reliable Low-Latency Communications (URLLC) can help address this gap. 
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Dynamic Resource Allocation (Adaptive QoS): the current 5G network QoS capabilities lack the 
flexibility needed for complex robotics operations with varying priorities. 6G's adaptive QoS 
features would enable more granular control over resource allocation based on tasks. 

Interoperability and Network Federation: 6G’s interoperability and federated network models 
can enable seamless integration across private networks, ensuring unified operations across 
dispersed sites. 

Uplink data transfer capacity: 5G FR1 uplink data transfer capacity is a bottleneck for the uplink 
heavy UCs like UC2: Collaborative Robotic exploration of mining environments. 6G enhanced data 
transfer capacity to the uplink direction would significantly help to improve the usability of the 
UCs that need large uplink data transfer capacity. 

7.3. Use Case 3 Experiment 1: Mobile Industrial Assets supported by NTN 
Edge Cloud and Communications 

7.3.1. Motivation & Objectives 

Efficient public infrastructures, such as those facilitating product logistics and people 
transportation, are crucial for fostering a sustainable society, economy, and growth. These 
infrastructures typically encompass highly distributed systems' operation and automation, 
integrating mobile and fixed assets. Examples are sectors like railways, public transport, and 
logistics. To ensure continuous operation, infrastructure solutions and services must be resilient 
and reliable in urban and rural settings, which heavily depends on robust hardware, connectivity 
and computational resources. However, regarding reliable hardware, standalone building 
becomes extremely costly, whereas resource sharing frequently impacts reliability. 

 

Figure 14: NTN in 6G UC3 experiments 1 and 2 visuals 

Non-terrestrial (such as space-based) resources appear as a good candidate to tackle that 
challenge. These systems offer a unique advantage by being independent of local (terrestrial) 
disturbances and can be used ad hoc to provide coverage around the globe. This capability is 
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particularly beneficial for operating mobility infrastructures and assets, ensuring seamless 
functionality regardless of geographic location. 

The key objective of this UC is to assess and demonstrate the benefits that NTNs can introduce on 
the end-2-end (E2E) operation of industrial services. In particular, it will focus on individual 
experiments that validate the following benefits:  

1. Continuity and reliability: Implement and demonstrate orchestration and management 
mechanisms for an operation designed and maintained to provide continuous operation 
over an extended period with minimal interruption. 

2. Resilience: Demonstrate scenarios that withstand and recover from disruptions and 
leverage the dynamics and flexibility of communication and computing infrastructure.  

3. Efficiency: implement mechanisms to optimally and sustain the use of limited resources. 
4. Safety: more reliable and resilient systems significantly enhance safety by ensuring 

continuous operation and reducing the risk of failures. 

These scenarios will provide insights into how future 6G systems can leverage satellite-terrestrial 
convergence to support diverse and challenging UCs, thus leading to more resilient, flexible, and 
ubiquitous connectivity solutions.  

7.3.2. Use Case 3 Experiment 1 Description 

This UC will use the NTN & NTCS Testbed from Siemens for experimentation given its capabilities 
to emulate/simulate non-terrestrial edge cloud resources and satellite communication links. The 
testbed can emulate real world satellite systems/clusters and allows to create custom topologies 
that are envisioned in the next generation of satellite constellations. Moreover, the UC will consider 
existing HW/SW components to be integrated in the experiments, given the possibility of 
integrating real HW/SW components. 

The UC scenarios will be implemented according to Supervisory Control and Data Acquisition 
(SCADA) concepts. Industrial SCADA systems are very common in today’s management and 
operation of critical infrastructure across various domains, including railways, public transport, 
and logistics: 

• In railways, SCADA systems are used to monitor and control train movements, track 
conditions, and signalling systems, ensuring safe and efficient operations. They provide 
real-time data on train locations, speeds, and schedules, allowing for quick responses to any 
disruptions or emergencies.  

• In public transport, SCADA systems help manage bus and tram networks by monitoring 
vehicle locations, passenger loads, and traffic conditions. This enables operators to optimise 
routes, reduce delays, and improve overall service reliability. 

• For logistics, SCADA systems are crucial in managing supply chain operations, including 
warehouse management, inventory control, and transportation logistics. They provide 
visibility into the movement of goods, helping to streamline operations, reduce costs, and 
enhance delivery times. 

One of the scenarios will be selected and recreated in the UC as an example of a critical 
infrastructure application. The application would be later used to validate the 5-fold benefits 
introduced by NTN: continuity, reliability, resilience, efficiency, and safety. 

7.3.3. Use Case 3 Experiment 1 Scenario Top-Level Design 

A high-level overview of the components involved in the UC is represented at Figure 15.   
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Figure 15: Mobile Industrial Assets supported by NTN Edge Cloud and Communications UC 

In a reference test scenario, multiple components are involved, namely:   

1. Simplified field devices - sensors and actuators that correspond to the lowest level of a 
SCADA system. 

2. The NTN & NTCS Testbed supporting: 
a) emulated satellite infrastructure to enable the NTN-based communication between 

satellite-enabled entities. 
b) Space-based Edge/Clouds infrastructure available as part of the computing payloads 

of the emulated satellite infrastructure. 
3. Simplified control room: Supervisory computers collect data, which is then used to monitor 

and control the process.  
4. Decentralized data storage to keep all historical data, which can then be used for data 

analysis, reporting and/or generating alerts based on the collected data. 

All these components, along with an implemented scenario application, would enable 5-fold 
benefits testing. 

7.3.3.1. Scenario 1: Multi-RAT over 5G NR and legacy NTN 

Mobile and Static UEs are equipped with multiple and heterogenous radio access technologies 
(RAT), providing connectivity via Terrestrial 5G and legacy Non-Terrestrial Networks 
(respectively, 5G NR and Satellite connectivity). This dual-connectivity capability is used to 
simultaneously provide redundant paths from the field devices to the control-centre. The level at 
which redundant connection are created can either be at the network level (i.e., IP/TCP) or at 
application-level. 

The experiment to be tested is described as follows: due to the mobility of mobile assets, one of 
the radio links is lost. However, existing sessions are maintained another disjoint path on from a 
different radio technology still in-place. 
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7.3.3.2. Scenario 2: Satellite Edges for Decentralized Data Storages 

Satellite links are limited, and multiple connections of the same UE over the satellite link are 
inefficient. Thus, using both the uplink and downlink to exchange huge volumes of data might 
become inefficient and costly. Decentralised data storage, deployed at the Satellite Edges, can 
enable efficient balance between data transmissions and availability. 

The experiment to be tested is described as follows: decentralised data storage will be deployed as 
part of the Satellite Edge infrastructure, and access will impact availability, efficiency, and data 
transmission. 

7.3.3.3. Scenario 3: Migration of application context 

As the satellites move in their orbit, the application context of the satellite goes through a period 
of getting far away - getting closer - getting far away. This will likely create high oscillations in the 
E2E latency and a waste of Inter-Satellite Link (ISL) resources. 

The experiment to be tested is described as follows: application context (such as session 
information) will be migrated to satellites near the field devices so that the data is always kept 
close to the source (or destination). 

7.3.4. Use Case 3 Experimentation 1 Requirements and target KPIs 

7.3.4.1. Functional Requirements 

Table 46: Functional requirements for UC3 experiment 1 

ID Functional Requirements 

REQ-F-01 
Redundancy support (i.e., terrestrial and NTN connectivity). The system must 
support using different and disjoint network paths so that the applications can 
switch between them or use them simultaneously. 

REQ-F-02 

Satellite infrastructure shall support Satellite Computing, including placing 
service components in satellites that support custom edge computing (MEC). 
This requires interfaces to deploy and manage services, containers, or VMs in 
satellites. 

REQ-F-03 Handovers must be fast, with low losses and transparent for the applications. 

7.3.4.2. Non-functional Requirements 

Table 47: Non-functional requirements for UC3 experiment 1 

ID Non-Functional Requirements 

REQ-NF-01 Availability of 99.99% and 99% for critical and non-critical services. 
REQ-NF-02 Reliability of 99.99% and 99% for critical and non-critical services. 
REQ-NF-03 Saving of at least 30% for data transmissions in the satellite’s downlink. 
REQ-NF-04 High security that follows zero trust principles. 

7.3.4.3. Business Requirements 

Table 48: Business requirements for UC3 experiment 1 

ID Business Requirements 
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REQ-Β-01 
 

Relevance for at least 3 Business Roles from the public infrastructure, 
transportation, and logistics. 
(Use SUNRISE-6G to ensure the set of applications operates correctly and meets 
its intended functionality) 

REQ-Β-02 
 

Open Access Datasets: Provide valuable Open-Access datasets for the scientific 
and standardization communities. 

 

Table 49: Stakeholder business roles for UC3 experiment 1 

Business roles Partners 

Application Business Owner 
(Use SUNRISE-6G to ensure the set of applications operates correctly and 
meets its intended functionality) 

SIE 

Application User 
(Test the set of applications across a representative environment for an E2E 
deployment offered by SUNRISE-6G and validate against the service KPIs of the 
target deployments) 

SIE 

Testbed Operator 
(Create measurement data based on the application user's service descriptions 
and running services) 

SIE 

Testbed Business Owner 
(Define, maintain, and govern standardised interfaces from the Testbed 
Federation Provider) 

SIE 

 

Table 50: UC3 experiment 1 requirements to the SUNRISE-6G platform 

Requirement Description Rationale 

Standardised 
Interfaces 
 

This requirement pertains to defining 
consistent interfaces for interacting with 
the testbeds. These interfaces ensure 
uniformity and ease of integration. 

Standardised interfaces 
facilitate interoperability, 
allowing different subsystems 
to communicate seamlessly. 

Standardised 
Service 
Descriptors 
 

This requirement involves documenting 
detailed descriptions of the services 
provided by the Application Users / 
Application Business Owner. It includes 
information on functionality, behaviour, 
and usage. 

Clear service descriptions 
help users understand what 
each service offers and how to 
utilise it effectively. 

Isolation of 
Experiments 

Ensure that experiments run in isolated 
environments, preserve data privacy, and 
prevent interference between concurrent 
experiments. 

Isolation enhances security, 
prevents unintended side 
effects, and maintains the 
integrity of experimental 
results. 

Reliable 
Experiment 
Scheduling 

Implementing a reliable scheduling 
mechanism for experiments, allowing users 
to plan and execute tests at specific times. 

Scheduled experiments 
enable systematic testing and 
feedback collection. 
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Monitoring of 
Experiment 
and 
Infrastructure 

Collecting measurement and status data 
from the testbed infrastructure. This 
includes subsystem performance, resource 
utilisation, and overall health. 

Monitoring ensures proper 
functioning, identifies issues, 
and supports troubleshooting. 

Quality 
Information of 
the Testbed 

This provides information about the 
testbed’s quality, capabilities, and 
limitations so users can assess whether it 
meets their application evaluation needs. 

Transparency helps users 
make informed decisions. 

Metadata for 
Measurement 
Data Sets 

Describing the structure and context of 
measurement data sets generated during 
experiments. Metadata includes 
timestamps, units, and relevant 
parameters. 

Metadata ensures data 
traceability, reproducibility, 
and meaningful analysis. 

Monitoring 
Data at 
Different 
Levels 

Collecting monitoring data at various levels, 
such as infrastructure, service, and end-to-
end. This includes performance metrics, 
logs, and alerts. 

Comprehensive monitoring 
aids in diagnosing issues and 
optimising system 
performance. 

Infrastructure 
Support for 
Reproducibility 
 

Designing the infrastructure to support the 
reproducibility of test runs. This involves 
preserving experiment configurations, 
input data, and execution context. 

Reproducibility ensures that 
others can validate and build 
upon experimental results. 

7.3.4.3.1. Target KPIs 

Table 51: KPI Values for UC3.1 

KPI KPI Target Value 

KPI-UC3.1-1 Availability of 99.99% and 99% for critical and non-critical services. 
KPI-UC3.1-2 Reliability of 99.99% and 99% for critical and non-critical services. 
KPI-UC3.1-3 Saving of at least 30% for data transmissions in the satellite’s downlink. 
KPI-UC3.1-4 High security that follows zero trust principles. 

7.3.5. Gap Analysis on 6G Enablers 

Current satellite systems lack the implementation of edge and cloud computing capabilities 
directly on-board satellites (i.e., co-located with the satellite communication infrastructure). While 
these features are anticipated for future generations of satellite constellations, they are not yet 
available in today’s operational deployments. 

As satellite networks evolve, onboard data processing could significantly enhance the performance 
of applications through a reduction in latency and bandwidth usage. Moreover, most existing 
satellite constellations are single-orbit, predominantly at the Low Earth Orbit (LEO). In contrast, 
future deployments are expected to span multiple orbital layers, such as the Medium Earth Orbit 
(MEO) and Geostationary Orbit (GEO) to enhance global coverage and the robustness of the 
satellite network itself. 

However, until these advancements become standard and deployed in operational systems, 
emulation frameworks offer a viable interim solution for experimenters seeking to future-proof 
their applications. By simulating the capabilities above in controlled test environments, emulation 
allows for early experimentation and readiness for real multi-orbit satellite-based edge 
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capabilities to become available and their relevance for UCs and applications that leverage mobile 
industrial assets. 

Therefore, the NTN Edge Cloud System Emulator enabler will be leveraged for this UC validation. 
It enables satellite communication and computation, supports multi-orbital layer satellite 
constellations, and integrates existing HW/SW resources. 

7.4. Use Case 3 Experiment 2: Multi-Operator and Multi-Access in NTN 

7.4.1. Motivation & Objectives 

Integrating NTNs with terrestrial 5G networks enhances service continuity, coverage, and 
scalability in 5G and beyond systems. NTNs, including satellite networks, can complement 
terrestrial networks by providing connectivity in remote or underserved regions. This ensures 
service continuity for users in areas with intermittent terrestrial coverage, such as rural areas, 
maritime zones, and during air travel. This convergence also facilitates seamless transitions 
between TNs and NTNs, ensuring a consistent user experience in urban areas, crowded public 
spaces, or for users on the move in high-speed environments like trains, planes, and ships. 
Furthermore, TR 38.821 of 3GPP investigates the feature of multi-connectivity, which allows 
simultaneous access to NTN and terrestrial NG-RANs or two NTN NG-RANs. 

The key objective of this experiment is to demonstrate and validate two critical scenarios for 
achieving seamless integration of terrestrial and satellite networks: 

• Inter-PLMN Handover: This scenario demonstrates the ability of a User Equipment (UE) 
to maintain an ongoing session while transitioning between two Public Land Mobile 
Networks (PLMNs), from terrestrial 3GPP access (Operator A) to satellite 3GPP access 
(Operator B). It tests seamless service continuity across different networks and operators, 
a key requirement for global coverage and service reliability. 

• Dual Connectivity Using MPTCP: Implementing a Multi-Path TCP (MPTCP) solution to 
combine terrestrial and satellite network paths into a single TCP connection. This scenario 
enables the UE to use terrestrial and non-terrestrial networks simultaneously, improving 
data throughput, reliability, and service continuity by utilising multiple paths for 
communication. 

7.4.2. Use Case 3 Experiment 2 Description 

The experiment involves two distinct but complementary scenarios to explore the interaction 
between terrestrial and non-terrestrial networks in 5G environments. The first scenario will 
explore the concept of inter-PLMN handover, while the second one will investigate dual 
connectivity leveraging MPTCP. 

The experiment will be deployed using an NTN emulator platform located on the NCSRD campus, 
which connects to two distinct 5G cores: one in NCSRD and the other in OTE, linked via a dark Fibre 
connection. This setup emulates real-world NTN deployments, where the UE can communicate 
with terrestrial gNBs and satellite-based NTN gateways. The integration of these two radio access 
networks, combined with MPTCP technology, will be crucial for understanding how different types 
of networks can work together to provide seamless connectivity and service continuity across 
various user environments. 

This experiment is crucial to understanding the practical challenges and opportunities in 
integrating NTNs with terrestrial 5G networks. This will contribute to developing future 6G 
systems capable of global, uninterrupted connectivity. 
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7.4.3. Use Case 3 Experiment 2 Scenario Top-Level Design 

A high-level overview of the components involved in the UC is represented in Figure 16. 

 

Figure 16: High-level overview of the Multi-Operator, Multi-Access involving NTN Use cases 

7.4.3.1. Scenario 1: Inter-PLMN Handover 

In this scenario, the UE moves from a terrestrial network operated by Operator A (PLMN_A) to a 
satellite network operated by Operator B (PLMN_B), while maintaining its active session. This 
inter-PLMN handover showcases the system's ability to manage seamless transitions between 
network operators and access types. The handover process ensures that the user’s service (such 
as video streaming or real-time communications) is not interrupted despite shifting from a 
ground-based cellular network to a satellite-based one. The complexity here lies in ensuring 
session continuity across different PLMNs, which involves handling different core networks and 
policies and managing the change in latency, bandwidth, and propagation delay between 
terrestrial and satellite links. 

7.4.3.2. Scenario 2: Dual Connectivity with MPTCP 

This scenario focuses on dual connectivity using the MPTCP protocol, where the UE is 
simultaneously connected to a terrestrial and a satellite network. MPTCP allows multiple subflows 
from different access technologies (terrestrial and satellite) to be combined into a single TCP 
session. The terrestrial connection may provide low latency and high reliability, while the satellite 
link can offer extended coverage and higher capacity in remote areas. Using both links 
concurrently, MPTCP can enhance overall throughput, reliability, and fault tolerance. The scenario 
explores the effectiveness of MPTCP in balancing traffic between the two paths and delivering an 
optimised user experience. 

7.4.4. Use Case 3 Experiment 2 Requirements and Target KPIs 

7.4.4.1. Functional Requirements 

Table 52: Functional requirements for UC3 experiment 2 
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ID Functional Requirements 

REQ-F-01 
Dual Connectivity Support: The system must support dual connectivity, 
allowing simultaneous connections to terrestrial and satellite networks. 

REQ-F-02 
Inter-Network Handover Support: The system must support handovers 
between terrestrial and non-terrestrial (satellite) networks, specifically 
between different PLMNs. 

REQ-F-03 
Session Continuity: The system must maintain active sessions without 
interruption during handover and support seamless traffic balancing across 
both networks. 

REQ-F-04 
MPTCP Integration: The system must support MPTCP, enabling multiple sub-
flows from both terrestrial and satellite networks within a single TCP session. 

7.4.4.2. Non-functional Requirements 

Table 53: Non-functional requirements for UC3 experiment 2 

ID Non-Functional Requirements 

REQ-NF-01 
Latency Tolerance: The system should maintain end-to-end latency within an 
acceptable range for high-priority services during handover and dual 
connectivity usage. 

REQ-NF-02 
Throughput Optimization: The system should ensure high throughput 
performance during dual connectivity, leveraging MPTCP to maximize available 
bandwidth. 

REQ-NF-03 
Seamless User Experience: User experience should remain seamless during 
network handover, with minimal perceived service disruption. 

REQ-NF-04 
Fault Tolerance: The system must be fault-tolerant, with failover mechanisms 
to maintain connectivity even if one network (terrestrial or satellite) fails. 

REQ-NF-05 
System Monitoring and Logging: The system must include robust logging and 
monitoring features to track handover and connectivity performance, assisting 
in troubleshooting and performance analysis. 

7.4.4.3. Business Requirements 

Table 54: Business requirements for UC3 experiment 2 

ID Business Requirements 

REQ-Β-01 
Open Datasets Availability: Provision of Open Access Datasets as a valuable 
resource for R&D and scientific communities. 

 

Table 55: Stakeholder business roles for UC3 Experiment 2 

Business roles Partners 

Testbed Feature Contributor 
(Use SUNRISE-6G to ensure that the developed features of the platform 
operate correctly and achieve their intended functionality) 

INFO 

Researcher INFO, NCSRD, OTE 
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(Test various scenarios, enabled by the developed features, across a 
representative environment offered by SUNRISE-6G and validate the 
corresponding KPIs) 
Testbed Operator 
(Create measurement data based on the application user's service 
descriptions and running services) 

NCSRD, ΟΤΕ 

   

Table 56: UC3 experiment 2 requirements to the SUNRISE-6G platform 

Requirement Description Rationale 

Standardised 
Interfaces 
  

This requirement pertains to defining 
consistent interfaces for interacting with 
the testbeds. These interfaces ensure 
uniformity and ease of integration.  

Standardised interfaces 
facilitate interoperability, 
allowing different subsystems 
to communicate seamlessly. 

Standardised 
Service 
Descriptors 
  

This requirement involves documenting 
detailed descriptions of the services 
provided by the Application Users / 
Application Business Owner. It includes 
information on functionality, behaviour, 
and usage. 

Clear service descriptions help 
users understand what each 
service offers and how to 
utilise it effectively. 

Isolation of 
Experiments 

Ensure that experiments run in isolated 
environments, preserve data privacy, and 
prevent interference between concurrent 
experiments. 

Isolation enhances security, 
prevents unintended side 
effects, and maintains the 
integrity of experimental 
results. 

Monitoring of 
Experiment and 
Infrastructure 

Collecting measurement and status data 
from the testbed infrastructure. This 
includes subsystem performance, 
resource utilisation, and overall health. 

Monitoring ensures proper 
functioning, identifies issues, 
and supports troubleshooting. 

Metadata for 
Measurement 
Data Sets 

Describing the structure and context of 
measurement data sets generated during 
experiments. Metadata includes 
timestamps, units, and relevant 
parameters. 

Metadata ensures data 
traceability, reproducibility, 
and meaningful analysis. 

7.4.4.4. Target KPIs 

Table 57: KPI Values for UC3.2 

KPI KPI Target Value 

KPI-UC3.2-1 
Increase at least 30% in the downloading throughput level in comparison 
to single-access 

KPI-UC3.2-2 
Service continuation during inter-PLMN NTN-TN hand-over with measured 
service interruption < 50ms 
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7.4.5. Gap Analysis on 6G Enablers 

Several 6G enablers will be necessary to successfully implement the PoC UC, particularly for 
seamless integration between TNs and NTNs. This section identifies and analyses the gaps and 
challenges of integrating two key 6G enablers into a 5G system. 

NTN Emulator: OpenSAND is an advanced satellite communication emulator that can emulate 
satellite networks, simulating the behaviour of a satellite network. It can model the satellite 
channel characteristics such as high latency, propagation delay, variable link quality, etc. This 
emulator is essential for testing and validating satellite-terrestrial network interactions in a 
controlled environment without requiring physical satellite deployment. While OpenSAND offers 
extensive capabilities for satellite network emulation, it doesn’t provide inherent integration with 
5G systems. 

MPTCP Proxy: MPTCP is a protocol that enables a single TCP connection to use multiple network 
paths simultaneously, increasing throughput, reliability, and resilience. An MPTCP proxy can split 
traffic across different access networks, such as terrestrial and satellite links, and aggregate these 
connections into one TCP session. This allows for better utilisation of available network resources, 
particularly in scenarios where multiple access technologies are available. MPTCP performs well 
in scenarios where the different paths exhibit similar latency characteristics. However, in this PoC, 
the terrestrial and satellite paths have vastly different latencies (like GEO satellites). The MPTCP 
proxy will need to handle these latency mismatches without negatively affecting the application's 
overall performance or user experience. 
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8. Conclusions 
The SUNRISE-6G project introduces novel business approaches and allows for new actors in the 
business processes described in this document. Specifically, a pioneering aspect of decoupling 
service from facility providers and unifying the latter through Federation solutions brings 
cloud/network/edge nodes closer to core business flows between testbeds and applications. 

Business requirements are elicited to design the SUNRISE-6G solution relevant to market 
demands. Twelve topics emerge: interoperability, Modularity, Security / Privacy / Isolation, 
Resource Management, Edge Computing Support, Resilience, Sustainability, Regulatory / Ethics 
Compliance, Documentation, Governance, Testbed Operation, and Application Deployment / 
Usage. A generic explanation and examples with related business roles support each aspect. 

The SUNRISE-6G UCs are defined and analysed, and the most relevant scenarios are chosen to 
showcase the maximum benefit of SUNRISE-6G solutions. Federated metaverse, collaborative 
robotic exploration of mining environments, mobile industrial assets on NTN infrastructure, and 
user (PLMN) multi-connectivity over NTN, these UCs become tangible only within SUNRISE-6G. 

In addition, functional elements of the SUNRISE-6G platform are examined. Requirements for its 
vital aspects are predicted and listed, including the Federation solution and interconnection 
requirements, AI capabilities (E2EAI toolkit and decentralised MLOPS), 6G library, and 
experimentation facility. All the requirements are accompanied by topic, priority, actor, and, most 
importantly, acceptance criteria.  

All the requirements provided and KPI-driven functional tests would give a solid basis for the 
SUNRISE-6G architecture design in the following documents (D2.2) and guide component 
development in other work packages (WP3, WP4). 

In summary, this deliverable marks a significant step forward in achieving the SUNRISE-6G 
objectives, laying the groundwork for innovative advancements in 6G technologies. 
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The End. 
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