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Executive Summary

The ECO-eNET project aims to research and develop advanced optical and wireless transmission
technologies that integrated into a common transport network, can seamlessly and intelligently deliver
confluent mesh network structures to enable 6G Use Cases. The high-level approach of ECO-eNET
considers combining photonic fixed-wireless radio technologies with free-space optical transmission,
along with optical fibre transmission advancements into a high-capacity transport network infrastructure.
This multi-technology transport network will be able to self-adjust to changing environment and network
conditions and will support high capacity, highly flexible cell-free MIMO structures. Integrating these
advancements with an Open-Radio Access Network (O-RAN) control layer, including intelligence-
features, will deliver increased functionality and flexibility as well as optimised performance required by
6G networks.

This deliverable defines a set of 6G use cases that the project activities will concentrate on. These use
cases are derived taking into consideration key 6G service requirements and business aspects that the
ECO-eNET concept, technologies, and deployment paradigms will be able to support.

Initially, the trends and vision of the emerging 6G ecosystems are explored. As a first step, this involves
examining thoroughly 6G's technical goals, anticipated use cases, and enabled capabilities/ functions.
Following this, a set of required key roles are identified to bring these innovations to market. This also
includes considerations of asset ownership, processes/activities to be performed, service provisioning
interactions between roles, and so on. Simultaneously, the proposed functionalities and capabilities of
ECO-eNET are analysed to determine the value it adds across different roles and layers within a 6G
ecosystem. The insights from these analyses are combined to identify a concrete set of use cases that
6G-ECO-eNET will enable, as well as the Key Performance Indicators (KPIs) that must be achieved
and the requirements that must be met.

Additionally, given the increasing importance of aligning technology with broader societal values and
addressing global and local challenges, these use cases are further evaluated for their impact on Key
Values (KVs). Specific Key Value Indicators (KVIs) are defined to measure this impact, using
gquantitative (preferably) or qualitative methods, under the framework of "6G for Sustainability."

The chosen 6G use cases account for the various service provisioning roles and stakeholders within
the future 6G landscape and the anticipated applications for both verticals and end-users. These use
cases are selected to highlight the vision and objectives of ECO-eNET in supporting 6G services and
their KPIs, along with the ECO-eNET functionalities and capabilities that can unlock new service
provisioning models within 6G ecosystems. These factors are crucial in determining the relevance and
innovation of the identified use cases in relation to the project’s goals and expected outcomes. The
envisioned use cases within ECO-eNET are listed below.

Use Case 1 (UC#1): considers a confluent network solution at the transport segment of 6G networks
based on new sensing devices that predict infrastructure malfunctions, outages, and service-related
intrusions in modern fibre optical networks. This UC addresses storylines related to the development
and applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” and Network sensing. It
reflects the requirements to be met by the infrastructure and virtualisation layer to support Hyper
Reliable Low Latency Communication (HRLLC) services — primarily focusing on the required reliability
levels.

Use Case 2 (UC#2): builds on the capabilities and technologies of UC#1 and further enhances UC
storylines enabled by more extended confluent solutions involving high capacity, highly reliable, low
latency transport network deployments based on the exploitation of wireless transmission technologies
operating at new spectrum bands (sub-THz and (Free-Space Optics) FSO). The UC also considers joint
communication and sensing over these new segments, used to identify transport links’ unavailability,
performance outages, or degradation, and enabling confluent mesh networking for increased network
reliability and performance (capacity and latency) via an intelligent management plane. This UC focuses
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on the development and applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” and
network sensing (though at transport not at RAN as defined in 3GPP Integrated Sensing and
Communications (ISAC)). It reflects the requirements to be met by the infrastructure and virtualisation
layer to support Hyper-Reliable Low-Latency Communication (HRLLC) Scenarios and High-Capacity
network deployments — usually utilised for Immersive Communication services.

Use Case 3 (UC#3): leverages (Cell-Free/ Distributed) CF/D-MIMO structures at the RAN segment,
supported by a confluent mesh transport network. The main objective of the proposed UC is to provide
a solution to enable Immersive Communication and HRLLC scenarios posing stringent performance
(especially data rate and reliability) requirements while allowing radio network deployment scalability
and flexibility. Considering the 6G landscape, this UC focuses on the development and applicability of
(IMT 2030) new capabilities involving “Ubiquitous Connectivity”. It reflects the requirements to be met
by the infrastructure and virtualization layer to support HRLLC and Immersive Communication services.
SNS ICE use case categories like “Immersive Experience/Seamless Immersive Reality” and “Fully
Connected World/Ubiquitous and Resilient Networks” fall in the focus of this UC.

Use Case 4 (UC#4): focuses on developing and evaluating scalable Artificial Intelligence (Al)/Machine
Learning (ML) optimization algorithms that enhance energy efficiency and minimize latency in B5G/6G
front-, mid-, and back-haul networks. This includes optimizing service provisioning by leveraging
forecasted system parameters and real-time data. The aim is to balance the trade-off between energy
efficiency, computational overhead, and prediction accuracy for Sensing (including ISAC) services in
B5G and future 6G networks.

The requirements and KPIs derived from these four use cases are also identified and successfully
translated into system-level requirements and KPIs for the ECO-eNET technology developments and
architecture.

Further, to ensure that the proposed technological advancements and project work align with societal
values and address global challenges, KVs to which the use cases are expected to contribute are
identified, along with a set of KVIs emphasizing sustainability aspects.
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1.Introduction

Currently, academic and industrial research in Information and Communication Technology (ICT)
focuses on defining the baseline technologies and deployment paradigms for future 6G networks.
Although 6G standardisation and technical specifications are still in an initial phase, we can observe a
consensus among research and industry communities on the technologies and capabilities to be
leveraged. This includes leveraging new spectral bands, such as high-frequency millimetre-wave and
terahertz ranges, to achieve higher peak data rates and utilizing advanced technologies like ultra-large
antenna arrays and cell-free (CF) architectures—enabled by CF-mMIMO—to enhance spectral
efficiency and energy efficiency while supporting a higher number of simultaneous connections.
Sensing at various network segments is also considered an inherent capability to be developed in future
6G networks. At the same time, focus is put on enhancing network orchestration capabilities by adding
intelligence at network control and management layers, aiming at optimizing performance and
sustainability.

In this context, ECO-eNET aligns with this vision by integrating advanced technologies at the transport
network layer with high-capacity CF-mMIMO structures, advanced Open-Radio Access Network (O-
RAN) access nodes, and an intelligent control and network management plane. Sensing data across
the network infrastructure will be fused to the management plane to enable confluent-mesh network
structures delivering highly available, highly performant 6G network deployments. Integrating sensing
from various network segments with communication will pave the way towards new service
opportunities and features, transforming the 6G ecosystem and advancing its alignment with the IMT-
2030 goals and future user demands [1.].

This document is the first deliverable of the ECO-eNET project. It presents the outcome of Task 1.1,
“6G use cases, service requirements and Key Performance Indicators (KPIs)”, in the context of WP 1,
“Service Requirements, Architecture Definition and Evaluation”. It provides a detailed overview of the
evolving 6G landscape, considering technical, user, and market aspects. It aims to define the ECO-
eNET ecosystem in line with emerging 6G trends, focusing on services, technical requirements,
business strategies, and societal impact. It also outlines the target users of the ECO-eNET system and
the specific use cases it aims to address. It identifies the user requirements and KPIs, linking these to
the system’s technical specifications and performance metrics that ECO-eNET should target.

The approach that is followed comprises a set of specific steps. Initially (as the first step), the focus is
on understanding the broader 6G vision by examining its technical goals, anticipated use cases, and
capabilities. In the second step, the study aims to identify the 6G ecosystem roles considering aspects
such as asset ownership, service provisioning activities, and business interactions, using the 5G service
provisioning model as a reference. Simultaneously, the capabilities of the ECO-eNET system are
evaluated to identify its potential contributions to the evolving 6G ecosystem.

The results from these steps converge in the third step, which involves defining a set of use cases
enabled by ECO-eNET from the broader list of potential 6G scenarios identified by various research
and industry associations and bodies. These use cases are accompanied by relevant KPIs and the
necessary technical requirements to be fulfilled. Additionally, to ensure that the technology aligns with
broader societal goals set by the United Nations Sustainable Development Goals (SDGs) [19.], the
European Commission’s strategic priorities ([20.],[21.]), and the ITU's vision for IMT-2030 [1.] and
beyond, each use case is evaluated based on its impact on Key Values (KVs), with specific Key Value
Indicators (KVIs) established as either absolute or relative metrics to measure the influence of these
technological solutions. This work is translated into detailed specifications for the ECO-eNET solution,
which will be considered in the project's design and implementation work packages.

The structure of this document is the following.

Chapter 2 begins with an overview of the ECO-eNET project’s vision and goals, followed by a brief
introduction to the key concepts and technologies involved.

Chapter 3 summarizes the broader perspective on 6G services, discussing relevant KPIs and service
delivery aspects while considering the enabled ECO-eNET ecosystem in the future 6G landscape. It
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also discusses the 6G landscape, focusing on i) the technical goals set by standardization bodies and
industry groups and ii) the roles and business processes that 6G advancements are expected to enable
in terms of service provisioning across various infrastructure levels and explores the currently adopted
frameworks for identifying the Key Values that research can have impact on.

Chapter 4 builds on these insights to define specific use cases for different stakeholders, detailing their
respective requirements, KPIs, and related KVIs where ECO-eNET innovations are relevant.

Chapter 5 converts the identified user requirements and KPIs into key system requirements, also
referred to as system specifications. They represent the main technical targets to be met by the ECO-
eNET system/ solution/ technologies/ etc.

Finally, Chapter 6 drives conclusions, summarizing the main points discussed throughout the
document.
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2. ECO-eNET Concepts and Approach

Confluent mesh networking [2.] uses a combination of several different technologies to meet the
requirements of next-generation applications. These applications are expected to revolutionize several
industries and user interactions. From the networking side, the network must offer mesh networks that
provide flexible management, high capacity, improved energy efficiency, and low latency. Radio fixed
wireless (RFW), (in the context of ECO-eNET operating at Terahertz-THz), free-space optical (FSO),
switched flex-grid wavelength division multiplexing (Flex-WDM), and optical-spectrum-as-a-service
(OSaaSs) fibre transmission capabilities are among the technologies that can support confluent services.
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Figure 2-1: Confluent mesh networking.

This project will investigate new confluent mesh networking technologies for 6G. Figure 2-1 illustrates
the envisioned topology of a confluent mesh and the technologies that can be used to compose end-
to-end 6G services. The main goals and objectives of ECO-eNET are as follows.

Confluent transmission technologies: the potential of technologies like RFW (at THz and sub-THz
frequencies), FSO, and Flex-WDM fibre optics will be explored to enable the performance required by
6G. Electronic RFW transceivers will be replaced by plasmonic-based ones to extend the reach of the
RFW link and significantly reduce the energy consumption of the network. Moreover, ECO-eNET aims
at creating a transparent fibre-FSO interface supporting multiple modulation formats. This will be
possible thanks to novel, low-cost, adaptive photonic components and lantern technology. Optically
switched and modulation format adaptive optical spectrum as a service (OSaaS) will be used to
efficiently multiplex and transport the signals from these diverse transmission links in mesh
configurations and connect them with edge computing resources. OSaaS will also enable fibre and
radio sensing signals to be carried alongside the communication signals. The project will explore parallel

and integrated sensing and communication to optimize the network and provide new sensing-based
network services.

Control and orchestration methods for confluent networking: the proposed physical layer solutions will
deliver their full potential in improved capacity, energy efficiency, and latency only if appropriately
controlled and managed. ECO-eNET leverages existing and will develop new wireline, radio, and
compute controllers capable of efficient end-to-end provisioning across these diverse domains. This will
be coordinated through an Al-enabled orchestration layer that delivers Al services for end-user
applications, network control, and optimisation. These Al services will also utilise environmental
information from network sensing components. Furthermore, resource allocation and configuration
across the wireless and wired domains will be supported by adopting suitable Al-driven operations that
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facilitate fast service delivery, meeting service requirements in the most resource- and energy-efficient
manner.

ECO-eNET Main Technology Advancements
The technology advances and their respective challenges are listed next.

Radio Fixed Wireless (RFW) Transmission: The plasmonic RFW link consists of a novel dual-
polarisation RFW transceiver, doubling the available data rate and operating over the 190-350 GHz
frequency range. The transceiver allows direct optical-to-THz and THz-to-optical conversion of four or
more data channels simultaneously. The data signals fed to the transceiver are encoded on separate
wavelengths, using modulation formats with a minimum spectral efficiency of 5 bits/Hz. A symbol rate
of 25 Gbaud per channel will be used, covering an estimated total bandwidth of 105 GHz in the RFW
domain. Finally, dynamic bit loading of individual WDM channels will be considered to fully exploit each
channel's capacity [10].

Free Space Optical (FSO) Transmission: a 1 Tb/s capacity FSO link with a 1 km reach will enable
transparent fibre-coupled FSO links that can operate agnostically to the optical channel. The FSO
antenna consists of an optical head and photonic components, which can enable high-throughput FSO
point-to-point links. The FSO system must compensate for atmospheric turbulence. This is done using
a combination of high-speed tracking and higher-order correction using a photonic lantern that enables
the FSO link to be fibre-coupled. Fibre coupling is advantageous for confluent networking since it allows
using standard optical communication system components such as optical transceivers and fibre
amplifiers.

Hybrid RFW/FSO Transmission: In addition to optical compensation techniques, atmospheric effects
on FSO transmission can be mitigated by combining the FSO link with an RFW link. The absorption
and scattering properties of RFW and FSO differ since the scattering of the signal depends upon the
size of the water droplets in the atmosphere. Therefore, using RFW and FSO can improve the
transmission system's resilience over different atmospheric and weather conditions. This can be
achieved by establishing parallel FSO and RFW links, operating separately, or combining them into a
hybrid link, sharing common data and coding. The sub-THz RFW and FSO case will be studied to
determine the performance trade-offs for the different combinations and to consider the energy
requirements and signal modulation for confluent networks.

Optical Spectrum as a Service (OSaaS): OSaaS is a transparent lightpath connecting two endpoints in
the network [4]. When OSaaS is implemented on longer routes, the number of transceivers can be
significantly reduced. Hence, the capital investments into the transceivers and the overall latency of the
end-to-end service are lowered. Furthermore, a smaller amount of active equipment contributes to a
higher availability of end-to-end services and reduces the carbon footprint per end-to-end service.
OSaas is entirely independent of the underlying infrastructure and can employ a mix of DWDM
networks utilising different technologies, including dark fibre segments. Thus, the OSaaS concept could
also bring the abovementioned benefits to the access networks serving 6G. However, the seamless
implementation of this new service type in mesh access networks requires attention to resource
allocation and management over all interconnected segments. While this is complicated in the case of
dark fibre or passive segments due to often missing databases, it requires extra attention in the case
of active systems, where unbalanced signal powers may interrupt the performance of the neighbouring
channels or, even worse, the whole system.

Fibre Sensing: coherent optical time domain reflectometers (C-OTDRSs) are ideally suited to detect and
pinpoint the location of any disturbance in the vicinity or in the fibre by tracking the phase of the back-
reflected signal. A wide range of events can be detected, from temperature changes due to fire, digging,
or traffic activity near buried optical fibre to vibrations induced by storms on the optical ground wire
(OPGW) overhead cables. Therefore, a C-OTDR can be used to predict potential failure of the optical
network and detect weather conditions that may affect the wireless communication channels, thus
improving the performance and reliability of the confluent network. Alongside OTDR technology, a
dedicated, characterised transceiver can be used with an optical switch for precise sensing purposes.
This allows for collecting accurate sensing data from several access links using a single dedicated
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coherent transceiver. Any already commissioned transceiver can also be used for continuous trend
monitoring. The telemetry data can be exploited as is or interpreted through channel probing or inverse
back-to-back methods to retrieve precise channel performance information from the commissioned live
channels. Coherent transceiver-based sensing is particularly useful in the active parts of the confluent
mesh networks. It enables the detection of signal spectrum overlap for dense utilisation of resources,
detecting exact spectrum performance in terms of generalised signal-to-noise ratio (GSNR), or
recognising any direct detection channels transmitted alongside coherent channels. All of these are
essential aspects for OSaaS in edge networks. Further analyses of the data provided by the coherent
receiver's digital signal processors allow for correlating the transceiver performance with information
such as weather conditions and temperature changes, albeit with limited information on the localisation
of these events. Currently, channel probing is mainly used in long-haul transmission systems.

Confluent Network Management & Control: the performance of the physical layer technologies
depends on how they are controlled and managed. More specifically the ECO-eNET platform will
include a flexible and scalable control framework with extendable (Application Programming Interfaces)
APIs on top of the B5G/6G RAN, the Core and the transport network domains to enable monitoring and
programmability of the underlying network infrastructure. This will enable an end-to-end platform that
can support customised service delivery in response to the service requirements in the most resource
and energy-efficient manner. The ECO-eNET control platform will include: a flexible RAN Intelligent
Controller (RIC), which will support RAN monitoring and adaptive radio resource slicing and bundling
into suitable dynamic RAN architectures such as cell-free and distributed MIMO and IAB with confluent
mesh xhaul, a flexible Core Network (CN) controller to support CN control and monitoring, and an SDN
control layer that will provide transport network control and monitoring. The monitoring data collection
will ensure appropriate system initialization and allow continuous optimisation of the entire system
operation. This ECO-eNET monitoring system will be able to subscribe and collect both high-level (E2E
service related such as throughput, packet latency, jitter, etc.) and low-level statistics (hetwork/compute
resource utilisation, bit error rate, packet error rate, power consumption, physical layer characteristics
of the RFW links and optical switching nodes). These statistics can then be exploited to provide
recommendation services. The system will also be able to take lower layer decisions such as optimal
mapping of the wireless domain service characteristics to the optical transport parameter configuration.
Special attention will be put into developing an integrated control plane supporting seamless cross-
domain service delivery through the wireless and the transport network domains comprising the ECO-
eNET data plane.
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3.ECO-eNET in the 6G KPIs, Use Cases and
Ecosystems Landscape

3.1. 6G KPIs Overview

As the global rollout of 5G Non-Stand-Alone networks continues and they are being deployed, the
research and standardisation focus is directed to the development of future 6G networks. Even though
formal 6G standardization is anticipated to begin around 2025 across Europe, North America, and
China, there is already a strong push among industry players, governments, and research bodies to
shape the framework for 6G priorities, goals, and technological innovations. Numerous scientific
publications, white papers, and strategic documents are emerging, reporting on 6G KPIs, use cases,
and technological directions in the upcoming 6G landscape.

In Europe, the 6G-Flagship initiative, the Next Generation Mobile Networks (NGMN), Smart Networks
and Services Joint Undertaking (SNS JU), and the 6G Infrastructure Association (6G-IA) have become
key platforms driving these efforts, mainly through a range of EU-supported 6G projects. These
European initiatives and contributions from global organizations like the NextG Alliance and 5G
Americas have influenced recent directives such as the ITU-R Recommendation M.2160-0 [1.], which
aims to set unified global objectives for 6G development. This consolidated vision and the coordinated
global efforts are detailed in various summary reports.

The IMT-2030 framework has defined baseline "usage scenarios" for 6G, which build on the IMT-2020
service classes [24.] that guided 5G development. These scenarios are designed to provide a concrete
classification of the 6G networks’ basis capabilities and service provisioning classes — which combined
can build up diverse network services.

In brief, the traditional (enhanced- Mobile Broadband) eMBB category from 5G evolves into the 6G
Immersive Communication scenario in 6G IMT-2030 classification, comprising services that go beyond
video streaming into realms like “immersive XR, remote multi-sensory telepresence, and holographic
communications” [1.].

Similarly, the IMT-2030 Hyper Reliable and Low-Latency Communication (HRLLC) scenario [1.] builds
upon the existing (Ultra-Reliable Low-Latency Communication) URLLC framework, aiming to support
even more demanding applications that require ultra-low latency and high reliability. This evolution
targets tightly synchronized operations in industrial and automated settings where timing and precision
are critical.

In parallel, the Massive Communication scenario [1.] for 6G extends the (massive-Machine Type
Communication) mMTC category, broadening its focus to include diverse loT services in areas such as
smatrt cities, healthcare, transportation, and agriculture.

It is important to note that these 6G usage scenarios outlined by IMT-2030 will impose stricter
performance requirements across multiple KPIs, unlike the more straightforward targets of the 5G
service classes, demanding an even higher level of technological sophistication and network
performance.

Considering these Usage Scenarios, IMT-2030 has identified 6G network capabilities (compared to
IMT-2020), essentially, high-level target KPIs [1.]. A short list of the high-level KPIs defined by IMT-
2030 is defined below:

Table 3-1: IMT 2030 KPIs Overview

IMT-2030 Capability IMT-2030 Value IMT-2020 Value
50, 100, 200 Gbit/s 20 Gbit/s

U= El=l . 300 Mbit/s and 500 Mbit/s 100 Mbit/s
rate
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Spectrum efficiency 1.5 and 3 times greater than that 3 times greater than that of IMT-
of IMT-2020 advanced

Area traffic capacity 30 Mbit/s/m? and 50 Mbit/s/m? 10 Mbit/s/m?

Connection Density 10° — 108 devices/km? 10° devices/km?

Mobility 500 — 1 000 km/h 500 km/h

Latency over the air [No8REEN{ 1-4 ms

interface

Reliability 1-107° to 1-1077 Up to 1-107

Sensing-related Not defined KPIs for this Notenabled for IMT-2020

capabilities category

The ITU-R IMT-2030 framework also envisions an additional set of 6G usage scenarios that prioritize
capabilities alongside the service classes defined by performance metrics. This approach marks a
significant evolution in network design and operation, reflecting the increasing complexity and diversity
of services that future networks need to support. By considering these new categories alongside
conventional performance-based scenarios, the framework aims to provide a comprehensive
perspective on how 6G can meet the demands of an interconnected world. The prominent categories
identified within this framework include Ubiquitous Connectivity, Artificial Intelligence (Al), and
Integrated Sensing and Communication (ISAC).

In particular, Ubiquitous Connectivity focuses on enhancing seamless connectivity across all areas,
integrating 6G features that ensure interworking with diverse systems to deliver reliable coverage
everywhere. This means deploying infrastructure that can adapt to changing conditions, e.g., increased
demand during peak usage times or outages due to adverse weather.

The Al and Communication scenario aims to incorporate IT and Al technology advancements to support
services requiring extensive real-time data processing. This category is open to include scenarios
addressing both user and network services jointly.

ISAC is highlighted as a distinct scenario under IMT-2030, which considered using telecommunication
channels for sensing and communication. This dual-purpose usage is expected to support capabilities
like assisted navigation, activity recognition, environmental tracking, and providing sensory data for Al,
extended reality, and digital twin environments.

Ubiguitous Connectivity and ISAC usage scenarios are expected to be tightly associated with delivering
services such as augmented reality (AR) and extended reality (XR), where accurate real-time data
about the user's environment is essential for providing immersive experiences. In addition, ISAC can
play a vital role in digital twin environments, where virtual replicas of physical entities are used for
simulations and analysis.

IMT-2030 has outlined several overarching aspects for 6G networks, summarized through high-level
targets to guide the development of these technologies. These capabilities include areas such as
universal coverage, Al integration, security, resilience, and sustainability, as well as improved energy
efficiency and interoperability. While some of these goals lack precise, quantifiable metrics, they set a
clear direction for what 6G networks aim to achieve.

The role of SNS-JU projects is to build upon the ITU-R IMT-2030 vision, using its outlined high-level
KPls as a foundation. Their task involves refining these KPIs and identifying specific components across
different layers and functions of 6G networks to meet these targets. In alignment with previous 5G-PPP
activities, the SNS-JU initiatives have reviewed and consolidated the KPIs defined by early Phase |
projects into a comprehensive set, aiming to create a cohesive framework that aligns with the broader
goals of the IMT-2030 roadmap (as listed in Table 3-2) [25.].
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Latency User Plane Latency

Packet Packet Error Rate
Loss

SNS Phase | Projects’ KPls

Capacity Peak Data Rate Compute Edge computational resource

Table 3-2: Early SNS Phase-I KPIs Overview

SNS Phase | Projects’ KPls

. usage
User Experienced Data Rate 9

Operation expenditure @edge
Network Capacity E 2 G

Delta in network management

Service Bandwidth decision

Area Traffic Capacity Availability

Connection Density Resource utilization

Computing resource utilization

Control Plane Latency Energy Network Energy efficiency

E2E Service Latency Device Energy Efficiency

New Latency contribution Reduced energy consumption
components
VNF Energy consumption

E2E Application Latency - for reduction

Video processing services
Security Anomaly detection

Mission critical QoS of .
precision

services - latency related

Runtime Delay Security conformance

Service Setup Delay Tenant data privacy

Slice Setup Delay Localization Localization accuracy

Direction and orientation

o accuracy
Layer2/3 packet transmission

success rate Localization related delays

Packet Loss Rate Localization (error) integrity
Frame Loss Service Service availability
Signal Packet Loss Service reliability

CAPEX & OPEX reduction Service safety, integrity,

maintainability

CAPEX & OPEX reduction

3.2. 6G Use Cases Overview

The vision for 6G is closely linked with identifying use cases where this technology will be implemented
or enabled. In this context, various European and international organizations have been collaborating
to nail down these use cases and identify user requirements. From the outset of 6G conceptualization,
the NGMN Alliance has identified a range of promising use cases for 6G technology, each comprising
diverse services, as detailed in 3.1. These use cases have been categorized into four primary classes

[6.1,[7.]:

Enhanced Human Communication enriches human interactions through immersive
experiences, telepresence, and multimodal engagement.

Enhanced Machine Communication addresses the rising need for collaborative robotics and
autonomous systems, highlighting the importance of environmental sensing and
communication between robots and humans.

Enabling Services includes use cases requiring advanced functionalities such as precise
location tracking, mapping, and environmental or physiological sensing data.
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o Network Evolution focuses on 6G technologies like Al-as-a-Service, energy efficiency, and
ensuring comprehensive coverage, featuring generic use cases that facilitate 6G provisioning.

In the initial stages of 6G conceptualisation, the 6G Flagship initiative explored the definition of 6G use
cases from multiple angles since the early stages of its vision, including:

e Customer and User Experience perspectives, which categorize scenarios into Communities,
Customer 6.0, Smart Society, and | Robot.

e Resource Management and Business views, which incorporate scenarios for stakeholders in
the 6G provisioning ecosystem, such as MNO 6.0, OTT, Edge, and Telco broker roles.

e Value Creation in line with UN SDGs, which focus on sustainable 6G development.

SDOs such as 3GPPP and ITU have also allocated efforts to identifying the relevant 6G use cases to
drive the standardization efforts. To this end, the 3GPP 22.x series [5.] has produced technical reports
outlining the KPIs and requirements for future services beyond 5G, particularly for augmented and
extended reality (AR/XR), Integrated Sensing and Communication, and digital twinning. On the other
hand, the ITU IMT-2030 framework has identified nine trends in user and application categories,
reflecting various use case types and stakeholder roles. These trends include Ubiquitous Intelligence,
Ubiquitous Computing, Immersive Multimedia and Multi-Sensory Interactions, Digital Twins, Smart
Industrial Applications, Digital Health, Ubiquitous Connectivity, Integration of Sensing and
Communication, and Sustainability.

Numerous national and regional organizations, including GSMA, 5GMAG, 5G-ACIA, B5GPC, and the
Next G Alliance, have also contributed to exploring the 6G vision, use cases, and KPIs. Their findings
were presented at the first 3GPP Stage 1 Workshop on IMT2030 Use Cases 8-10/5, 2024 [3.].

Within this framework, the European vision for 6G use cases has been driven by the Hexa-X | & I
projects and complemented by SNS Phase | projects [9.]. These efforts have been summarized by the
SNS-ICE initiative and presented in the event mentioned above (available also under Smart Networks
and Services International and European  Cooperation  Ecosystem, https://smart-
networks.europa.eu/csa-s/#SNS-ICE). In particular, the following use case categories are considered:

e Immersive Experience/Seamless Immersive Reality encompassing scenarios like Immersive
Enterprise and Industry, Immersive Education, and Interactive Immersive Content Creation.
This category focuses on mixed reality services and immersive telepresence that enable
seamless real-time interactions among users and/or digital representations of objects.

e Collaborative Robots/Cooperating Mobile Robots including use cases like Autonomous Agents
in Flexible Manufacturing. This category emphasizes autonomous robots that can sense their
surroundings and perform tasks in various settings while communicating with each other and
humans for enhanced human-machine interaction.

e Physical Awareness/Network-Assisted 3D Mobility comprising use cases revolving around
monitoring the physical environment, including environmental sensing from network
infrastructure/ resources. This category leverages network elements able to gather and analyse
data for various applications.

¢ Real-Time Digital Twins covering applications such as Smart Maintenance and Disaster Relief
Digital Twins. This category focuses on using digital twins for various processes in
environments like smart cities and industrial settings.

e Fully Connected World/Ubiquitous and Resilient Networks incorporating use cases related to
Earth Monitoring, Autonomous Supply Chains, and Resilient Communication for critical
applications. These scenarios span multiple sectors, including health, safety, and education.

e Trusted Environments/Human-Centric Networks involving use cases such as Wireless In-
Vehicle Networks and Industrial Sensor Networks focusing on safety and privacy in various life
sectors, including healthcare and public safety during large events.

Overall, the generic use cases for 6G encompass a wide range of verticals, showcasing the
transformative potential of this technology across different sectors, with a focus on Public Safety,
Industrial Automation, Smart Communities, Immersive Experiences, and Remote Collaboration, all
aligned with the vision of Sustainable Development. ECO-eNET use cases are driven by this work while
emphasizing the capabilities and functionalities of the technical solution.


https://smart-networks.europa.eu/csa-s/#SNS-ICE
https://smart-networks.europa.eu/csa-s/#SNS-ICE
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3.3. Ecosystem Roles and Stakeholders

As broadly discussed in the literature ([17.],[18.]) the technology and architecture advancements
coming with 5G networks introduce new processes, activities, and operations, and, as a consequence,
changes in business modelling, i.e., from value chains dominated by established Mobile Network
Operators to 5G Ecosystems. The latter implies a layered network services provisioning approach
comprising a set of roles. In particular, referring to the 5G Ecosystem roles that are currently identified
by 5GPPP and early SNS JU activities [18.], the Service Provider (SP) has a principal role in the 5G
system. The SP directly interfaces with the service customer and obtains and orchestrates resources
from NOs, Virtualization Infrastructure Service Providers (VISPs), and Datacentre Service Providers
(DCSPs) — here also mentioned as Infrastructure Providers (IPs) collectively. The role of the SP as a
Communication/Digital Service Provider (CSP) can be distinguished into i) entailing the activities
required to offer traditional telecom services or ii) more refined digital services, such as eMBB and IoT,
to various vertical industries.

Considering the ECO-eNET vision, that is, the 5G Ecosystem extended with the roles enabled by ECO-
eNET towards 6G Ecosystems, the DCSP or IP role can be augmented to include transport network
segments’ deployment, operation, and provisioning, along with RAN raw resources provisioning
enabled by the disaggregation of RAN functionalities. In particular, RAN can be provided (1) as raw
infrastructure resources, (2) as virtualized resources, or/ and (3) -captured, -processed, -and exposed
data to Network Operators (NOs) or (even) service customers. In classical mobile networks, NOs are
the Mobile Network Operators (MNOS). Including an ECO-eNET intelligent control and management
plane operating on top of the transport and RAN, layers enhance the VISP role with the flexible
provisioning of transport network and RAN resources to multiple actors.

At the same time, the inclusion of parallel data streams enabled by ECO-eNET transport network
advancements facilitates various sensing data provisioning approaches (that extend the existing 5G
Ecosystems view), where such data can be provisioned as a service to the NO or RAN Operator layers
or even directly to a Sensing Data Provider role operating in parallel with the CSP. The latter can jointly
enable/provide intelligent 6G services and applications implementing the envisioned 6G use cases,
involving joint support of communication and sensing streams. The ECO-eNET envisioned 6G
Ecosystem is illustrated in Figure 3-1.

. ) .
5G Ecosystem View [ » ECO-eNET 6G Ecosystem View
Service Customer Service Customer
Ne—
- [ Comm./ Digital Service Provider ]
[ comm. service Provider | Sensing Data Provider |
[ Digital Service Provider ] L3
NSaas Provider l [ Network Service Aggregator ]

A

+ v Service/ Data
N Etwork‘ Service Aggregator (with orchestration capabilities) CP"’"’D’“'"E
v

S w
® £
S
RAN/ ORAN K 2 CN/ Network
Network Operator Operator E = Operator
Infrastructure Aggregator ]
Infrastructure Aggregator (with orchestration capabilities) T
~
RAN/ORAN
. VISP (incl. WAN
VISP (incl. WAN) ‘ | ( ) I :l | Resources Provider i
J
Datacenter Aggregator (with orchestration capabilities) Datacemer Aggregator i ]

L
Datacenter Service DCSP Transport RAN/ORAN
Provider Infra Provider Infra Provider

Figure 3-1: ECO-eNET envisioned 6G-Ecosystem
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3.4. Framework for the Definition of ECO-eNET KVIs

Traditionally, the development of information and communication technology (ICT) has focused mainly
on performance metrics and market demands. However, there is an increasing need to align
technological advancements with broader societal values to address both global and local challenges,
as highlighted by the United Nations Sustainable Development Goals (UN SDGs) [19.], the priorities of
the European Commission [20.], the European Green Deal [21.], and the recent ITU-2030 IMT-2030
vision [1.]. In light of these initiatives, technology innovations are expected to satisfy technical and user
specifications and positively influence societal, environmental, and individual aspects. This approach
to technology development represents a significant shift for both industries and academia, with great
potential to affect society positively. It has become a focal point for European Research Funding
initiatives like the SNS program.

To foster a common understanding of how SNS projects align with value-driven research, KVs, and
KVIs have been introduced to connect ICT research outcomes with impacts on values in the short,
medium, and long term. These concepts are mainly driven by Hexa-X & Hexa-X Il, which propose the
inclusion of KV/KVIs impact analysis in the context of SNS JU research projects.

To achieve these goals, the Societal Needs and Value Creation (SNVC) subgroup was established
within the Vision and Societal Challenges Work Group (WG) of the 6G Industry Association (6G-IA).
This subgroup aims to integrate knowledge from EU SNS JU projects, insights from external experts—
especially from the social sciences—and industry experience to provide guidelines for aligning
technology development with societal values. The SNVC subgroup has worked on merging
perspectives from various projects and stakeholders to propose a framework for values-driven next-
generation ICT solutions. This framework is further developed within the context of Hexa-X-Il, along
with contributions from the SNVC and Test Measurement and Validation SNS Working Group — Key
Value Indicators Measuring Sub-WG TMV-KVIs monitoring subgroups.

At this point, adhering to the work mentioned above (published in [22.]), it is essential to distinguish
between two concepts of value impact in the KVs/KVIs definitions:

o “Direct impact,” examines technologies concerning resource requirements, environmental
footprints, and similar factors (often referred to as Sustainable ICT or Sustainable 6G);

¢ ‘“Indirect impact,” deals with how technology affects other sectors (commonly called ICT for
Sustainability or 6G for Sustainability).

Both concepts are explored within SNS JU projects at various research and development stages.
Complementarily, the KVs/KVIs definition and monitoring framework proposed by the SNVC outlines a
series of iterative steps to be followed alongside the Technology Readiness Levels (TRLs) and Society
Readiness Levels (SRLs) of the technological solution and its acceptance or deployment status. The
ECO-eNET project adopts and aligns with this framework, focusing on defining the set of KVs, KViIs,
and validation methods.

The stepwise methodology of SNS to define KVs and KVIs comprises the following steps:
Step 1: Definition of Scenarios and Use Cases

This step establishes the global scenario and the individual use cases addressed by the technological
solution. This document addresses these steps in the subsequent chapters by detailing the scenarios
and use cases of ECO-eNET.

Step 2: Elicitation of Key Values

This step involves identifying KVs as both criteria and outcomes impacted by the implementation and
expansion of the use case. It connects the KVs with the vision and goals of research and development
(R&D) activities. KVs as criteria may encompass a variety of values, typically categorized at a high level
under Environmental Sustainability, Economic Sustainability, and Societal Sustainability, following the
UN Sustainable Development Goals (SDGs). However, these KVs need to be tailored to fit the specific
scope of the project. The primary sources for defining KVs include the R&D program's mandate, the
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project description of work, and various stakeholder groups. These sources are also relevant in the
context of ECO-eNET. At this early TRL/SRL stage, this document fulfils this step by detailing KVs as
both criteria and outcomes, along with KVIs on a per-use-case basis.

Step 3: Analysis of Outcomes in Value Domains

This step entails a comprehensive examination of the impact on value domains, leading to the derivation
of KVIs, which may be absolute or relative and measured quantitatively (preferably) or qualitatively.
This analysis focuses on the impact of the technological solution on the identified KVs under the concept
of 6G for Sustainability. For each KV deemed relevant to a particular use case, specific use-case-related
KVIs should be developed.

This step is performed iteratively throughout the project’s lifecycle. The work will be refined along the
project’s lifecycle, and the updates will be reported in the context of the project's Impact Assessment
activities (in Work Package 5).

Step 4 - Technical realization

This step focuses on identifying and specifying the enablers, specifically the ICT solutions. It is closely
linked to the technical realization of Sustainable 6G solutions. It involves design iterations to meet the
key performance indicators (KPIs) essential for achieving the target key value indicators (KVIs) related
to 6G for Sustainability and Sustainable 6G. Within the ECO-eNET context, this step will be carried out
by utilizing the KPIs and KVIs outlined in this document to guide the project's implementation work
packages.

Step 5: Assessment

This step encompasses the activities necessary for monitoring and evaluating KVIs using various
methodologies, depending on the technology readiness level (TRL), societal readiness level (SRL), and
the stage of use case proliferation. This assessment will be integrated into the ECO-eNET project's
Impact Assessment activities.
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4.ECO-eNET Use Cases, Requirements & KPIs

4.1. Use Cases Description Overview

Considering the 6G ecosystem and the expansion of services to usage scenarios (that essentially
address the service provisioning roles besides the Verticals and end users), both 6G vertical use cases
and a wide range of service provisioning use cases can be enabled. Given that 6G research is in its
initial phases, the defined ECO-eNET use cases mainly address the 6G service provisioning roles
(reflected in IMT-2030 New Capabilities); while, vertical user cases are simply identified as future
services to be enabled by fully-fledged 6G deployments where the ECO-eNET solution and
technologies will be incorporated. Besides, considering the technical orientation of the ECO-eNET
project, service provisioning use cases are more relevant to this project, addressing sets of IMT-2030
New Capabilities that can be provided/ enabled by the ECO-eNET planned technical innovations.

In general, ECO-eNET use cases revolve around service provisioning scenarios that are enabled by
fibre and wireless transport network sensing, and by the enabled confluent mesh networking in view of
supporting the capacity and reliability targets of IMT-2030. These use cases are extended to service
provisioning scenarios where these transport network advancements are further exploited in (6G) radio
deployments incorporating CF/D-MIMO and O-RAN capabilities -along with an intelligent management
plane- towards supporting the IMT-2030 Ubiquitous Coverage Capability. On top of these, considering
the ECO-eNET Al-based orchestration layer and the network intelligence that is enabled on top of the
underlying network sensing capabilities and the radio network advancements (especially considering
O-RAN control and management plane), a use case addressing the global IMT-2030 principle of
Sustainability is also identified. For the ECO-eNET use cases, the vertical perspective (i.e. the enabled
vertical service categories) is also described. These 6G use cases, requirements, and KPIs represent
the starting point for technology design and subsequent implementation of the ECO-eNET solution and
technologies.

The use case descriptions comprise the following information:
o Affected/Involved Roles of the Stakeholders

¢ Main Objective, including a mapping to the IMT-2030, NGMN and SNS ICE use cases
frameworks.

o Description of the Use Case in terms of current status, limitations of today’s deployments, and
statement of the problem, followed by the use case scenario in terms of services required by the
affected roles, interactions/ activities of these roles where applicable, and examples of storylines
of these scenarios.

o Definition of the solution proposed by ECO-eNET to enable the Use Case and a set of service
consumer requirements.

Complementarily, the UC Template includes a field where the Tentative list of facilities to be used in the
evaluation of the technologies of each UC is defined. This is simply a preliminary indication based on the
countries of the key partners developing the technologies and will be detailed in the context of WP4
activities.

4.1.1. Template for the definition of Use Cases & Requirements

To have a coherent document, each requirement has been specified according to the following table
template.
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Table 4-1: Requirements definition in tabular format.

<Req. ID> <Requirement Title>

Priority Essential/Optional

The ‘Description’ field contains the specification of the requirement.

“KPIs / Success Criteria” field contains either the definition of the target
values (as KPIs) that need to be met for the measurable parts of the
requirement under definition or the qualitative criteria (or
designed/deployed functionalities) that will indicate the satisfaction of
this requirement for the immeasurable parts.

KPIs / Success
Criteria

The “Network Segment / Component / Layer / Role” contains
information related to the part of the deployment and is mainly relevant
for the System Requirements/ Specifications.

Network Segment /

Component/ Layer

This field can be optionally used to contain complementary information

CBEeEER related to the Use Cases where the requirement is posed.

<Req. ID> provides a unique code to exclusively identify each requirement and facilitate tracking of its
fulfilment during the project development, testing, and validation phases. This field is defined as:

e UJ/S, indicating whether this is a User or System requirement/ specification.

¢ TYPE, indicating the type of the requirements, i.e., whether it is FUNC — functional requirement,
PERF —performance requirement, or NFUNC- Non-functional requirement, e.g., related to
security/privacy, extensibility, maintainability, interoperability, architecture, etc. requirement.

e RQ# is an incremental number uniquely identifying the requirement.

4.2. Use Case #1 — Optical Network enabling HRLLC Scenarios

Technical aspects triggering the Use Case

Today, millions of kilometres of fibers have been installed all around the World to provide
communication services, interconnect mobile network elements as transport segments, interconnect
remote data centres, and provide low latency services for media services providers or financial markets.
At the same time, these optical networks experience outages caused by environmental and man-made
incidents. These outages impact the reliability and performance of the communication services, which,
depending on the location of the impacted infrastructure or communication service, can have severe
environmental, social, or financial consequences. Timely notification of probable failure can help
reconfigure and maintain service continuity, especially considering the reliability levels needed for
HRLLC services.

To this end, over the past decades, a secondary function for fibre optical networks has been proposed:
using the fibre infrastructure as a sensor for being timely informed on infrastructure performance,
reliability, outages incurred or predicted, and so on. Multiple sensing technologies excel with high
sensitivity and accuracy, especially distributed acoustic sensing based on Coherent Optical Time
Domain Reflectometer OTDR. While these dedicated systems allow for the accurate detection and
localization of events in the vicinity of the deployed fibre, they are costly, which limits their use on mass
scale.

ECO-eNET proposes investigating additional low-cost technologies for fibre sensing functions, in
addition to classical OTDR and coherent OTDR. These include characterized Sliceable Bandwidth
Variable Transceiver (S-BVT) and S-BVTs installed in the networks and already used for data
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transmission. This approach enables large-scale optical network monitoring through S-BVTs, while
reserving the more expensive DAS systems for targeted deployment.

However, the already installed devices can produce a significant amount of sensing-oriented telemetry
data, which needs to be downsized and/or optimized to be transported. For this, a comprehensive
understanding of the possible error scenarios impacting fibre optical networks has to be developed. The
occurrence probability of an individual scenario differs by location (metro, rural), region, and time of the
year. To successfully use sensing data to prevent failures from propagating, it is imperative to
understand the early development signs and expected timeframes of the intrusions so that preventive
actions can be initiated on time. Depending on the timeline of the interruption time and required end-to-
end service reliability, the telemetry data from the devices should be collected at adequate intervals.

UCH#1 investigates the usage of readily available technologies in terrestrial brownfield fibre optical
systems, utilizing all infrastructure segments from Dense Wavelength Division Multiplexing systems to
dark fibre. The study aims to use existing device installations for new fibre sensing purposes. The goal
includes the identification of the most influential intrusion scenarios in the brownfield terrestrial optical
networks, identification and optimization of the telemetry data collection from the already existing
devices, and investigation of new sensing technologies suitable for terrestrial networks, with a goal of
confluent operation between the existing devices and new devices in collecting sensing data and
enabling actions to prevent infrastructure and service-interrupting failures from happening.
Furthermore, UC#1 investigates the sensing data sharing in multi-operator environments, where
collected data from one network segment may not be visible to the next network segment operator but
can help detect wide-scale or propagating malfunctions/ intrusions/ etc. in the network. The proposed
work aligns especially with the Fully Connected World use case described in IMT2030 & SNS
framework.

It shall be noted that the aforementioned sensing functionalities, while supporting a range of separate
Use Cases as will be described below, constitute a critical enabler for the Eco-eNET envisioned
confluent mesh networking essentially enabling transport network awareness which constitutes the
triggering factor for transport resources allocation and performance optimisation at optical-wireless
transport deployments in support of the IMT-2030 targets. This aspect will be revealed more in UC#2.

Table 4-2: Use Case #1: Optical Network Sensing enabling HRLLC Scenarios

UC#1: Optical Network enabling HRLLC Scenarios

Roles - Stakeholders: Transport Infrastructure Providers, VISPs, NOs, Sensing Data |
Providers/Service Providers, Service Customers (Verticals)

Objective:

The main objective of the proposed use case is to address the need for predicting infrastructure
malfunctions, outages, and service-related intrusions in modern fibre optical networks (that are used
to provide transport network links for 6G networks, towards meeting the IMT2030 KPIs), via
leveraging on new fibre sensing-oriented solutions. These advancements will also enable confluent
mesh networking at fiber network infrastructure.

Considering the 6G capabilities landscape, this Use Case focuses on the development and
applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” (and “Sensing”- though not in
the sense of ISAC as defined in IMT 2030), and it reflects the requirements to be met by the
infrastructure and virtualization layer to support HRLLC services — especially focusing on the required
reliability levels of the transport network in view of those required at Vertical service level. This UC
details the NGMN Enabling Service and Network Evolution categories.

Considering the SNS ICE use case categories, the concepts implemented in this use case will directly
apply to the following service category: “Fully Connected World/ Ubiquitous and Resilient Networks”
service components in various environments.
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Description:
Current status, Problem statement

Today, fibre optical networks are considered a key technology for the transport network segment of
5G networks (i.e., for interconnecting network elements/ sites/ infrastructure). However, optical fibre
is typically deployed in diverse environments (aerial, underground, in channels, etc.) and thus
experiences different levels of reliability or performance degradation (e.g., caused by environmental
and man-made incidents). These outages impact reliability and performance of the overlaying 5G
communication services, which, depending on the location of the impacted optical fibre infrastructure
or communication service, can have severe environmental, social, or financial consequences. Timely
notification of the probable failure of the optical fibre link can help reconfigure and maintain service
continuity. This factor is especially critical in deploying E2E 6G network infrastructures capable of
delivering the high-reliability levels needed (across segments and layers), especially for Hyper-
Reliable Low-Latency Communication (HRLLC) services.

Optical network availability and reliability are based on costly monitoring and sensing systems. In
particular, sensitive and accurate sensing systems based on Distributed Acoustic Sensing are
expensive. Alternatively, coherent transceivers can be used as sensors, but retrieving the data from
the transceivers at the high rate required for signal analysis of events like intrusion detection is often
not possible due to the limitation of the ASIC or DSP or to the proprietary nature of the DSP data.

ECO-eNET concept

For wide-scale environmental and man-made intrusion sensing, both installed transponders (S-
BVTs) and dedicated sensing devices (OTDR, C-OTDR, and characterized S-BVTs) are proposed
to be utilized to collect telemetry and sensing data from the networks. The goal is to detect intrusions
promptly with a minimum number of devices so that the Transport infrastructure provider can take
preventive actions on time to stop the network failure from developing.

Considering the 6G ecosystem layers, these advancements can also enable communication of the
sensing data to the overlaying service provisioning roles. In this context, sensing data as a service
can be provisioned from Transport Infrastructure providers or VISPs (depending on the layer where
the relevant capabilities are incorporated) to the VISPs or NOs, respectively, for the uptake of
corrective actions based on intelligent network management of a confluent transport network
deployment (e.g., upon unavailability of the optical link(s) the confluent transport network control
plane can reconfigure resources to provide alternative transport network paths, this will be elaborated
also in UC#2). Complementarily, it can enable the provision of data as a service to NOs for re-
configuring, if necessary, the RAN part of their infrastructure exploiting network intelligence at the
RAN segment (e.g., upon failure of the transport segment that connects a 6G gNB/ O-RAN gNB, etc.
the mobile network management plane can reconfigure neighboring RAN nodes/ resources to
provide coverage).

It can also enable the provisioning of sensing data as a service to the Sensing Data Providers
towards feeding relevant event-triggered services for the service customer. An example of such a
storyline would be the delivery of environmental data to public protection service providers (e.g.,
considering the case of a fire, an earthquake, adverse weather conditions, etc.) or the delivery of
intrusion data to financial service providers.

Considering the multi-role environment of 6G networks, UC#1 will also focus on preparing the
collected telemetry and sensing data from the fibre optical network to be used in a multi-operator
environment by presenting the data in a format usable for various roles/stakeholders, and devices.

Service Definition:

Based on capabilities envisioned in UC#1, and depending on technical aspects such as the type of
sensing data and the processing/ functionalities to be enabled and triggered, the following separate
service categories can be targeted:

1. Transport Infrastructure provider or VISP provisioning sensing data as a service to VISP or
NOs to uptake corrective actions.

2. VISP provisioning sensing data as a service to other VISPs or for self-consumption to initiate
transport network re-configuration exploiting confluent mesh structures.

3. VISP provisioning sensing data to SPs — for SPs to enable specific vertical services to end-
users.
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4. SPs to provide applications/ services, including HRLLC components, supporting service
categories like: “Fully Connected World/ Ubiquitous and Resilient Networks”.

ECO-eNET Technical Solution/ Innovation:
Considering the technical implementation, the UC will investigate the following aspects:

e Identify primary intrusions and their development times in terrestrial fibre optical networks.

¢ |dentify available technologies that can be modified to collect telemetry data that can be used
as sensing data.

e Identify the gaps in each of the available technologies and how the correlation between the
data can increase accuracy and sensing sensitivity.

o Definition of the data format and data processing pipelines for collected telemetry and
sensing data sharing.

UC#1 focuses on terrestrial brownfield networks and aims to use four sensing (enabled) devices to
collect telemetry and sensing data. These devices are:

e Optical Time Domain Reflectometer (OTDR), which are permanently installed in the network
and are capable of multi-fibre sensing (like ADTRAN’s ALM product),

e Coherent OTDR, which is today permanently installed in the network, but could be shared
across multiple fibre link, through dynamic optical routing ,

e Dedicated Characterized Sliceable Bandwidth Variable Transceivers, which are permanently
installed in the network but can be reconfigured for their wavelength and service path to be
used on,

e Sliceable Bandwidth Variable Transceivers, installed for data transmission purposes.

The installation base of these devices varies depending on the network deployment and can be
particularly diverse in optical-wireless ones. Hence, it is imperative to learn the capabilities of each
sensing (enabled) device to achieve maximum sensing capabilities with the minimum number of
devices. The goal in confluent networks is to share the collected telemetry and sensing data to:

1. Reconfigure the confluent mesh network (through the Control plane)

2. Provision vertical/user services (through the Data plane).

3. Investigate edge network resource allocation aspects based on fiber sensing feedback (also
in relation to UC#4).

Tentative list of facilities to be used in the evaluation of the technologies of this UC:
The Elering fibre optical network in Estonia for telemetry and sensing data collection.

Irish testbed / Swedish testbed/ Athens testbed with different configurations.

4.2.1. Use Case #1 Requirements and KPIs

Considering Use Case #1, a list of requirements posed by the relevant service provisioning and service-
consuming actors are listed in the tables below.

Table 4-3: Req #1: Reliability Level of HRLLC services.

U-PERF-#1 Reliability Level of HRLLC services

To provide HRLLC services, specific reliability and latency levels for the
Description E2E 6G network connection must be ensured, depending on the services.
UC#1 focuses on the reliability component of the HRLLC services.

KPIs/ Success The Service level KPIs are the following:
Criteria e Reliability of 1¥105- 1*10°7 - error probability (Acc. IMT-2030 targets)

SEllglele AEEVEE S Transport Network segment
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Table 4-4:

U-PERF-#2

Description

KPIs/ Success
Criteria

Segment / Layer

U-PERF-#3

Req #2: Capturing sensing information with required accuracy.

Capturing sensing information with required accuracy

Essential

To identify the occurrence and location of potential disruptions or
malicious intrusions that could impact network availability, security, and
privacy, it is necessary to use fiber sensing across wide areas, utilizing a
mix of available sensing-enabled devices. The accuracy of sensing
information depends highly on various factors, e.g., system setup,
accuracy of devices, and environmental conditions (such as noise,
temperature, etc).

Success Criteria: validate the feasibility of the solution for confluent mesh
networks. Validate the ability to capture sensing information with the
required accuracy, depending on the setup, sensing accuracy, and
budget.

The KPlIs to be achieved are the following:

e Set-up: identify the best sensing technologies and fiber routes to
achieve comprehensive sensing in confluent mesh networks,
keeping the lowest device count and energy consumption per link in
mind,

e Sensing accuracy: the selected sensing-enabled device set
conducts fault detection with 95 % accuracy,

e Sensing cost: cost of different sensing solutions is compared, and
the trade-off between cost and accuracy evaluated for different
scenarios.

Transport Network segment

Table 4-5: Req #3: Sensing Latency Components.

Sensing Latency Components

Priority

Description

KPIs/ Success
Criteria

Essential

Expectations of the developed sensing solutions are high in terms of
sensing timeliness and latency. However, different sensing (enabled)
devices have different latencies in retrieving the sensing data from the
fiber and transmitting this to the user for processing. This depends on the
sensing technology, sensed network segment length, physical
implementation of the management access to the sensing (enabled)
devices, management architecture, etc.

The required sensing latency depends on the application/ environment,
where a use case is deployed. This can be automated or remote robot
operations for 10T, high precision production, or disaster areas, or for
applications using Supervisory and Control Data Aquisition protocols
(SCADA)). Key parameters to be validated in various contexts would be
the following:

e Sensing Latency
e Sensing update rate
e Sensing service latency

KPIs to be achieved:

e Sensing distance (latency): the maximum sensing distance for
latency-critical applications is determined based on the sensing
technology (pulse power, fiber attenuation, pulse repetition rate,
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which limits the maximum spectral frequencies of the sensed signals,
etc)

e Sensing timeliness: the intrinsic sample collection rate, the selected
sensing data output interval from the devices and the processing
speed by the ML-based algorithms is sufficient to enable timely
reconfiguration of the services requiring 99.90, 99.99, and 99.999
availability.

e Sensing service latency: the physical access requirements to the
management plane of the sensing (enabled) devices are defined
considering the lowest end-to-end sensing service latency

Sellglelpie AEEVIEE S Transport Network segment

Table 4-6: Req #4: Capacity and cost

U-NFUNC-#4 Capacity and cost

To meet the sensing accuracy and sensing latency requirements, the
collected data from the sensing (enabled) devices varies in the parameter
Description set, collection interval, and the usage of the averaging function. Hence,
high-accuracy, low-latency sensing can create a significant amount of
sensing data that has to be transported, stored, and processed.

KPIs to be achieved:

e Sensing data capacity: the collected sensing data capacity is
minimized to reduce transmission and processing costs within the
accuracy limits of the sensing application being considered.

e Cost of solution: the different options for implementing and
deploying optical network sensing will be assessed in terms of TCO
in the context of the architecture evaluation work.

Segment / Layer Transport Network segment

4.3. Use Case #2 — Wireless Transport Network enabling High
Capacity and HRLLC Scenarios

KPIs/ Success
Criteria

Technical aspects triggering the Use Case

Today's 5G transport network technologies face several limitations that need to be overcome given the
requirements and KPIs to be met by 6G networks (i.e., capacity, reliability, low latency). One of the
primary challenges is insufficient bandwidth and capacity in existing microwave and millimetre-wave
backhaul solutions, which struggle to meet the high data rates required by dense 5G deployments. At
the same time, although the reliability levels of these wireless technologies are quitehigh, currently,
transport network management systems are segmented by technology/ domain/ even vendor, thus
making re-configuration of the wireless transport time-consuming when needed (e.g., in case of a
mmWave or microwave outage). At the same time, deploying fibre optical networks as a sole solution
for mobile networks’ backhauling/ fronthauling incurs high costs, while fibre trenching is not feasible in
many deployment environments.

To this end, RFW (at sub-THz) and FSO links are emerging as key technologies in the evolution toward
6G network transport. Sub-THz frequencies, typically ranging from 100 GHz to 1 THz, offer ultra-high
data rates and massive bandwidth, making them ideal for supporting the envisioned dense 6G radio
networks. However, RFW at sub-THz links are highly susceptible to signal attenuation due to
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atmospheric absorption and obstacles, which require advanced techniques and adaptive radio
transmission capabilities to maintain robust connections.

FSO links can complement RFW (sub-THz) ones well by leveraging optical signals to establish high-
speed wireless connections. FSO offers several advantages, including immunity to electromagnetic
interference and providing secure, point-to-point communication over distances ranging from a few
meters to several kilometres. However, FSO is sensitive to environmental conditions like fog, rain, and
atmospheric turbulence, which can significantly affect its performance.

ECO-eNET envisions a confluent network structure based on joint deployment of RFW and FSO
technologies for the 6G transport segment, combining their characteristics to deliver high reliability and
high-capacity (and low latency) links. These concepts also incorporate exploitation of optical fibre
technologies, as explained in UC#1. An intelligent management plane on top of this 6G transport
deployment can detect probable or actual outages toward achieving low-latency network resources
reconfiguration based on various criteria (energy, latency, data rates, etc.).

UC#2 focuses on storylines highlighting the capabilities and the enabled functionalities of the confluent
mesh wireless transport incorporating RFW (Sub-THz) and FSO, along with fibre optical technologies.

Table 4-7: Use Case #2 — Wireless Transport Network enabling High Capacity and HRLLC Scenarios

Roles - Stakeholders: Transport Infrastructure Providers, VISPs, NOs, Sensing Data
Providers/Service Providers, Service Customers (Verticals)
Objective:

The main objective of the proposed use case is to provide a confluent solution for high capacity,
highly reliable, low latency transport network deployments based on exploitation of wireless
transmission technologies operating at new spectrum bands, currently being unexplored or used only
for particular purposes. The use case also considers joint communication and sensing over these
new segments to identify transport links’ unavailability, performance outages, or degradation. This
information is exploited by an intelligent network management plane that can enable confluent mesh
networking, including also fibre optical transport segments (with the capabilities mentioned in UC#1),
towards optimising E2E 6G network reliability and performance (capacity and latency) given the 6G
KPlIs.

Considering the 6G capabilities landscape, this Use Case focuses on the development and
applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” and “Sensing”, and it reflects
the requirements to be met by the infrastructure and virtualisation layer to support HRLLC Scenarios
and High-Capacity network deployments — usually utilised for Immersive Communication services.
Furthermore, this UC belongs to the NGMN Enabling Service and Network Evolution categories.

Considering the SNS ICE use case categories, the concepts implemented in this use case will directly
apply to the “Fully Connected World/ Ubiquitous and Resilient Networks” service category in various
environments.

Description:
Current status, Problem statement

Today, high-frequency band wireless technologies, especially mmWave links, are considered a key
technology for the transport network segment of 5G networks (i.e., for interconnecting network
elements/sites/infrastructures). Nowadays, even higher frequency wireless bands are explored,
enabling higher bandwidth links for backhaul fronthaul segments of 6G networks. These sub-THz
and FSO links are at the initial development stages. However, such high-frequency links deployed in
challenging environments (with fluctuations in line-of-sight availability, adverse weather conditions,
etc.) experience reliability or performance outages caused by environmental and man-made
incidents. These outages impact the reliability and performance of the overlaying mobile
communication services. Timely identification of the probable failure and adoption of resilience
mechanisms can help to reconfigure network connectivity across segments and maintain service
continuity. This factor is especially critical in deploying E2E 6G network infrastructures capable of
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delivering the high-reliability levels needed (across segments and layers), especially for HRLLC
services.

ECO-eNET concept

ECO-eNET proposes developments and advancements in RFW (at Sub-THz) and FSO link
technologies to optimize link quality, range, and to overcome link reliability concerns.

In particular, addressing the need for high-capacity transport network segments in 6G, RFW links
with carrier frequencies above 100 GHz offer channel bandwidths in the order of 100 GHz, which
can provide terabit-scale connectivity between two sites where fibre deployment either is expensive
or unfeasible.

Considering link reliability, THz links are robust against atmospheric turbulence, fog, and dust. The
impact on the received power fluctuations and resulting signal-to-noise ratio (SNR) degradation are
also expected to be negligible. However, adverse weather such as rain and snow, where the size of
the particles is comparable with the wavelength, can lead to significantly higher channel loss, which
limits the available SNR and, therefore, achievable data rate. Within ECO-eNET, this will be mitigated
by increasing the transmitter's and receiver's dynamic range and improving the conversion
efficiencies of key components such as photodiodes and plasmonic modulators. Optical interfaces
in the THz link will facilitate the deployment of joint and coordinated FSO- and RFW links within the
confluent network, which are expected to offer the highest resilience and reliability against various
adverse weather conditions.

At the same time, FSO transmission can provide extreme bandwidths over a wireless medium. While
today’s millimetre-wave radio spectrum is broken into channel bandwidths of up to 2 GHz, FSO can
leverage transmission technologies developed for optical fibore communications, with channel
bandwidths of 50/100/200 GHz, to provide terabit-scale connectivity wirelessly.

However, FSO is susceptible to environmental effects such as atmospheric turbulence, rain, fog, and
show, with each effect impacting the achievable optical signal-to-noise ratio and, hence, the peak
data rate over a given link distance. This degradation takes the form of signal fading (which, in
extreme cases, can fall below the minimum receiver detectable power) and distortion of the optical
wavefront. Within ECO-eNET, methods will be developed to compensate for these effects,
particularly that of atmospheric turbulence, to improve the reliability of the high-capacity optical
wireless transport. While these methods will enhance the FSO link robustness to atmospheric
turbulence the optical link is still susceptible to highly turbulent scenarios, adverse weather conditions
(heavy fog, snow and rain) and, fundamentally, is limited to line-of-sight wireless transmission.
Optimum FSO link performance, in terms of total throughput and link distance, will be achieved under
clear conditions. While THz communications suffer from very high free space path losses which are
frequency dependent (limiting operational bandwidth and/or wireless link distance), it overcomes the
limitations of FSO by enabling non-line-of-sight wireless connectivity, exhibiting greater tolerance to
atmospheric turbulence and its ability to penetrate through fog and rain droplets. As such, FSO and
THz communications are viewed as complementary technologies that can enable extremely high
throughput. Ultimately, very high reliability will be achieved through the joint and coordinated
deployment of optical and radio (THz) technologies over a given wireless link within the confluent
network.

ECO-eNET concept

At the same time, both sub-THz and FSO links can be used for sensing purposes and can be
channelled to different network functions (and the relevant roles) or the service customers to enable
(even) user services.

In particular, the RFW at sub-THz links’ current channel loss due to adverse weather can be
forwarded to the transport network operator (VISP) to adapt modulation formats and baud rate. On
the other hand, statistical analysis of the received optical signal in an FSO system over time can
estimate atmospheric turbulence within the wireless transmission channel.

The VISP can use this information to configure the transmit side signal parameters such as transmit
power, modulation order, and bandwidth receive side gain to optimize overall throughput. The VISP
can also share the information with other VISPs/NOs to reconfigure the mesh network and choose
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the optimal split between FSO and RFW link — or even fiber optic transport- towards optimizing
network reliability and performance.

Similarly to the storylines enabled by UC#1, considering the 6G ecosystem layers, these
advancements can also facilitate communication of the sensing data to overlay service provisioning
roles. In this context, sensing data as a service can be provisioned from Transport Infrastructure
providers or VISPs (depending on the layer where the relevant capabilities are incorporated) to the
VISPs or NOs, respectively, for the uptake of corrective actions based on intelligent network
management of a confluent transport network deployment. For example, upon the unavailability of
an optical link(s), the confluent transport network control plane can reconfigure resources to provide
alternative transport network paths. The latter paths can be confluent wireless or fiber optical network
paths and vice versa. Complementarily, it can enable the provision of data as a service to NOs for
re-configuring -if necessary- the RAN part of their infrastructure exploiting network intelligence at the
RAN segment (e.g., upon failure of the transport segment that connects a 6G gNB/ ORAN gNB, etc.,
the mobile network management plane can reconfigure neighbouring RAN nodes/ resources to
provide coverage).

Outside the telecommunication context, the RFW (at sub-THz) link can be used for sensing nitrous
oxide (N20), an ozone-depleting gas with a 100-year global warming potential of 298, therefore
emission of 1 ton of N20O is equivalent to releasing 298 tons of CO: in terms of heat-trapping capacity
measured over 100 years. N20O has sharp absorption lines between 220 and 330 GHz arising from
energy transitions between vibrational states that can be measured by absorption spectroscopy. The
frequency-dependent loss of the THz link can be tracked in real time, and changes in absorption at
the absorption lines can be detected to estimate the N2O concentration in the atmosphere. The
targeted link distance of 1 km allows for a long interaction length with the N2O with an estimated
detection limit of 1 ppm in air at atmospheric pressure [26.]. This information can be forwarded to
government officials to detect N2O emissions quickly with high coverage and the possibility for
emission localization.

It can also enable the provisioning of sensing data as a service to the Sensing Data Provider to feed
relevant event-triggered services to the service customer. An example of such a storyline would be
delivering environmental data to government officials as afore explained.

Service Definition:
Based on capabilities envisioned in UC#2, and depending on technical aspects such as the type of

sensing data and the processing/ functionalities to be enabled and triggered, the following distinct
service categories can be targeted:

1. Transport Infrastructure provider or VISP provisioning sensing data as a service to VISP or
NOs to uptake corrective actions.

2. VISP provisioning sensing data as a service to other VISPs or for self-consumption to initiate
transport network re-configuration exploiting confluent mesh structures (at wireless or optical
segment).

3. VISP provisioning sensing data to SPs — for SPs to enable specific vertical services to end-
users.

4. SPs to provide applications/ services, including HRLLC components, supporting service
categories like: “Fully Connected World/ Ubiquitous and Resilient Networks”.

ECO-eNET Technical Solution/ Innovation:
Considering the technical implementation, this UC will investigate the following aspects:

e Developing RFW links at sub-THz carrier frequencies above 100 GHz offers channel
bandwidths up to 100 GHz, providing terabit-scale connectivity. By using optical components
such as high-speed photodiodes to convert optical signals to the sub-THz domain at the
RFW transmitter and plasmonic modulators to convert back to the optical domain at the RFW
receiver, transmission technologies developed for optical fibore communication can be used.

e Optimisation of sub-THz link reliability via increasing the dynamic range of the transmitter
and receiver by improving the conversion efficiencies of key components such as
photodiodes and plasmonic modulators.

e Development of FSO links for terrestrial use, extending state of the art using an integrated
photonic adaptive optics technique that does not require heavy DSP in the receiver and will
create a transparent fiber-to-fiber link capable of supporting multiple modulation formats for
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the confluent network approach. Furthermore, DSP for the FSO link will be incorporated into
the end-to-end radio signal processing for A-RoF signals to avoid multiple signal processing
steps along the path.

e End-to-end integrated optical & wireless mesh edge orchestration.

e Development of confluent mesh structures comprising both RFW and FSO links and fibre
optical paths to optimise 6G transport segments’ reliability while ensuring low latency and
high data rates.

e Investigation of delivering wireless links’ sensed data to the service provisioning layer for
user services.

Tentative list of facilities to be used in the evaluation of the technologies of this UC:

Irish testbed / Swedish testbed with different configurations

4.3.1. Use Case #2 Requirements and KPIs

Considering Use Case #2, a list of requirements posed by the relevant service provisioning and service-
consuming actors are listed in the tables below.

Table 4-8: Req #5: Reliability Level of HRLLC services.

U-PERF-#5 Reliability Level of HRLLC services

To provide HRLLC services it is necessary to ensure specific reliability
Description levels for the end-to-end (E2E) 6G network connection, depending on the
services.

The Service level KPIs are the following:
KPIs/ Success

Criteria e Reliability of 1-10° ' — 1-107 - error probability (Acc. IMT-2030
targets)

Syl AEEVE e E2E / Service Layer

Table 4-9: Req #6: Latency

U-PERF-#6 Latency

Descrintion To provide HRLLC services, specific latency levels for the E2E 6G
P network connection must be ensured, depending on the services.
KPIs/ Success The Service level KPIs are the following:
Criteria

e Latency in the order of 0.1ms — 1 ms
Sl A EEVETE S E2E / Service Layer

Table 4-10: Req #7: Transport Segment Capacity

U-PERF-#7 Transport Segment Capacity

Description To provide high traffic density 6G networks, it is necessary to meet
specific link capacity targets in the transport network segment. To this
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end, we consider wireless transport links aggregating multiple RAN node’s
Fronthaul/ Backhaul.

The Service level KPIs are the following:
KPIs/ Success _ _ ) _
Criteria e Provide 1Tb/s capacity over 1 km with energy consumption not

exceeding 40 pJ/bit — at wireless transport.

Sl A EEVEIE S Transport Network segment

4.4. Use Case #3 — CF/ D-MIMO Structures Enabling Immersive
Communication and HRLLC Scenarios

Technical aspects triggering the Use Case

Traditional mobile networks rely on cellular radio network structures, facing significant issues like
interference, signal fading, and limited spectral efficiency, which significantly impact the area capacity
(defined as data rates over a given area). In these systems, each user device (UE) is typically connected
to a single RAN node. Such legacy radio network architectures lead to problems related to inter-cell
interference, especially at cell-edges, significant variations in propagation pathloss, unpredictable
network quality depending on the relative user location in the cell coverage area, etc.

D-MIMO, a.k.a. Cell-free (CF), radio access solutions were recently proposed as key technologies to
solve the current phase radio problems by eliminating the concept of traditional cell boundaries. CF/D-
MIMO networks can be deployed in areas where capacity cannot be efficiently met by macro sites and
used to improve performance in high-density urban areas such as public squares, stadiums, and
airports. Indoor deployment scenarios, such as factories, warehouses, and offices, can use these
technologies to enhance reliability and resilience. They can provide reliable and resilient mobility without
frequent handovers. In some scenarios, coverage from existing macro deployments may not exist. In
such cases, in addition to providing data boosting, D-MIMO networks also need to provide coverage for
standalone operations.

D-MIMO addresses 6G challenges at both low (cm-Wave, lower mm-Wave) and high (upper mm-Wave
and (sub-)THz) carrier frequencies. It can allow for further densification, increasing consistent area
capacity, and mitigating unreliable links due to shadowing or blockage, benefiting from the macro-
diversity. In addition, it allows sufficient link margin despite output power limitations and high path-loss
at upper mm-Wave and (sub-)THz frequencies and allows for lowering effective isotropic radiated
power, simplifying deployment [14.]. Moreover, D-MIMO with multi-node connectivity allows contiguous
coverage under mobility.

/’/,//%

Figure 4-1: lllustration of D-MIMO

As illustrated in Figure 4-1, in D-MIMO, UEs can be served by several (Access Point Units) APUs
controlled by one or several Central Processing Units (CPUs) via fibre-optic or wireless
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backhaul/fronthaul links. In the Hexa-X and Hexa-X-Il projects, D-MIMO refers to dense cooperative
APUs in the access network and integration with backhaul/fronthaul, including integrated access and
backhaul (IAB) in star and mesh topologies [14.].

Leveraging these developments, ECO-eNET, in the context of UC#3, focuses on scenarios highlighting
the capabilities and the enabled functionalities of the confluent mesh transport incorporated in CF/D-
MIMO radio network deployments.

Table 4-11: Use Case #3 — CF/ D-MIMO Structures enabling Immersive Communication and HRLLC
Scenarios

Roles - Stakeholders: RAN Infrastructure Provider, Transport Infrastructure Provider, RAN
Operator, NOs, Service Providers

Objective:

The main objective of the proposed use case is to provide a solution to support Immersive
Communication and HRLLC scenarios posing stringent performance (especially data rate and
reliability) requirements while allowing for radio network deployment scalability and flexibility. The
solution will leverage CF/D-MIMO structures at the RAN segment, complemented with a confluent
mesh transport network.

Considering the 6G capabilities landscape, this Use Case focuses on the development and
applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity”, and it reflects the requirements
to be met by the infrastructure and virtualization layer to support HRLLC and Immersive
Communication services. This UC focuses on the NGMN Enabling Service and Network Evolution
categories.

Considering the SNS ICE use case categories, the concepts to be implemented in this use case will
be directly applicable to the “Immersive Experience/Seamless Immersive Reality” and “Fully
Connected World/Ubiquitous and Resilient Networks” service categories in various environments —
especially considering an “Industrial autonomous robot scenarios”.

Description:
Current status, Problem statement

Current radio networks, especially those using traditional cellular architectures, face interference,
signal fading, and limited spectral efficiency that, significantly affect the provided area capacity
(measured in data rates over an area surface). In these networks, each user equipment (UE) is
served by a single base station (cell) or a small number of cells, leading to issues like inter-cell
interference, especially at the cell edges where the signal strength from the serving base station
weakens, and interference from neighbouring cells becomes more prominent. This setup results in
low and uneven, non-deterministic user quality of service depending on the relevant location of the
end-user within the cell coverage area.

These legacy radio coverage problems need to be overcome to achieve the targeted 6G KPIs. To
this end, 6G technology aims to bring significant advancements, such as high radio performance in
ultra-high data rate links and capacity. While optimizing traffic capacity is important, energy
efficiency, transport efficiency, robustness, latency, mobility, deployment flexibility, and footprint are
crucial for 6G network planning and deployment. D-MIMO, cell-free (CF) networks can improve these
metrics by offering a high level of macro-diversity and consistent service quality across the coverage
area by coordinating distributed Radio Units (RUs) [16.]. 6G should support scalable D-MIMO
networks for a range of frequencies and take deployment options into account. Such systems allow
for multi-user MIMO with Coherent Joint Transmission (CJT) and interference suppression
capabilities and can provide robust links that can handle a high amount of traffic, regardless of the
site location.

To this end, the main challenge for the widespread implementation of D-MIMO is the cost of installing
many nodes in different locations that require reliable, flexible high-speed Fronthaul (FH) connections
[12.].

ECO-eNET concept

ECO-eNET will address the issue of CF/D-MIMO fronthauling by converging the aforementioned
confluent mesh networking at the transport with CF/D-MIMO structure at the radio access segment.
ECO-eNET will focus on capacity management for energy efficiency and deterministic low latency
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architectures, supporting cell-free and D-MIMO radio systems. To this end, learning-based or
service-request-based D-MIMO (CF) AP clustering methods will be explored (as in [27.]) jointly for
the CF/D-MIMO radio access and the confluent transport network segment.

Such developments can address usage scenarios where high data rate applications/services such
as XR/Immersive services are widely, even massively, requested at specific coverage area locations.
In addition, such deployment paradigms can be applied in cases where RAN segment nodes (CF/D-
MIMO or ORAN nodes) along with confluent mesh transport resources are jointly flexibly provisioned
to more than one CN operator. The latter is a good example of Context-aided communications. ([28.])

ECO-eNET will also extend these radio technologies to investigate the feasibility of integrated access
and backhaul (IAB) to become integrated access and confluent (IAC) networks. This will leverage
recent work on which Wireless backhaul/fronthaul links can be implemented using dedicated
frequency bands or the same bands as for access, so-called Integrated Access Backhaul (IAB). As
such, D-MIMO systems can implement various levels of cooperative MIMO systems ranging from
Distributed Antenna Systems (DAS) to Joint Transmission Coordinated Multi-Point (JT-CoMP) (D2.1
Sec. 3.6 [11.], D2.2 Sec. 6 [12.]).

In all cases, several deployment options for the CF/D-MIMO and confluent mesh structures will be
analysed and proposed for various usage scenarios with respective requirements towards obtaining
important insights into the feasibility of the architectural options, under, e.g., service reliability,
latency, and efficiency (KPIs) targets.

Considering the 6G ecosystem layers, these advancements can enable the splitting of various
service provisioning roles of the same layer or across layers — and their uptake by different actors.
In particular, the NO role can be split between RAN/ORAN infrastructure providers (owning the RAN
elements and providing the resources on demand to CN Operators) and CN Operators, who can
lease RAN resources along with confluent mesh transport resources provided by the Transport
Infrastructure providers directly or by the VISPs (operating the relevant transport infrastructure).
NOs/CN Operators can further interact with SPs to provide communication services along with digital
services, including HRLLC components, supporting service categories like: “Immersive Experience/
Seamless Immersive Reality” and “Fully Connected World/ Ubiquitous and Resilient Networks”.

Service Definition:

Based on capabilities envisioned in UC#3 and depending on technical aspects such as criteria and
algorithms used for the reconfiguration of CF/D-MIMO RAN, the following separate service
categories can be targeted:

1. Transport Infrastructure provider or VISP flexibly provisioning transport network resources
for the CF/D-MIMO RAN operator based on a confluent mesh transport network.

2. RAN Operators provisioning CF/D-MIMO resources to NOs or directly to Service Providers
in a flexible manner that allows automatic, learning-based CF/D-MIMO AP clustering.

3. Interaction between the Transport Infrastructure provider and the RAN Operator to jointly/
flexibly re-configure the RAN (CF/D-MIMO clustering and attachment to Core Network) and
transport segments (over the confluent mesh transport) to adapt to Service/ traffic demand,
or/ and to environment changes etc.

4. SPs to provide applications/ services, including HRLLC components, supporting service
categories like: “Immersive Experience/ Seamless Immersive Reality” and “Fully Connected
World/ Ubiquitous and Resilient Networks”.

ECO-eNET Technical Solution/ Innovation:
Considering the technical implementation, this UC will investigate the following aspects:
e Dynamic reconfiguration of CF/D-MIMO networks for E2E service optimization under key 6G
KPIs.
e Fronthauling of CF/D-MIMO networks using the confluent mesh transport solution (and its
capabilities defined in UC#1 and UC#2).

e Investigation of deployment options in support of versatile usage scenarios and deployment
environments.

Tentative list of facilities to be used in the evaluation of the technologies of this UC:

Irish Testbed / Swedish testbed with different configurations
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4.4.1. Use Case #3 Requirements and KPIs

Considering Use Case #1, a list of requirements posed by the relevant service provisioning and service-
consuming actors are listed in the tables below.

Table 4-12: Req #8: Reliability Level of HRLLC services.

U-PERF-#8 Reliability Level of HRLLC services

Priority Essential

To provide HRLLC services it is necessary to ensure specific reliability

Description levels for the E2E 6G network connection, depending on the services.

1=/ = leu-—- | The Service level KPIs are the following:
Criteria e Reliability of 1*105- 1*107 - error probability (Acc. IMT-2030 targets)

Sl ylele AEEVIS S E2E / Service Layer

Table 4-13: Req #9: Latency

U-PERF-#9 Latency

Priority Essential

To provide HRLLC services, specific latency levels for the E2E 6G network

Description connection must be ensured, depending on the services.

1=/ = ee-—— | The Service level KPIs are the following:

Criteria e Latency in the order of 0.1ms — 1 ms

Sl AEEVIE S E2E / Service Layer

Table 4-14: Req #10: Capacity/ User Data rate

U-PERF-#10 Capacity

Priority Essential

Capacity highly depends on the usage scenarios and mixture of service
components to be provided over a specific area, to a specific user, or by a
specific set of RAN/APU nodes. Various metrics are used for this purpose.

The target area traffic capacity may range from a few Mbps to 1 Gbps per
square meter. According to SNS JU ICE, immersive services are expected
to be between 20-250 Mbps/sgm.

Other studies approach this part as peak data rate (for the system nodes),
which ranges between 50Gbps -200Gbps (IMT-2030) to 1Tbps (5G
Americas/ Next G Alliance).

Other studies consider the per sqm capacity equal to peak user data rate,
ranging from 300-500Mbps (IMG2030) to 1Gbps (5G Americas/ Next G
Alliance).

Service level KPls:

Description

KPIs/ Success

Criteria e User peak data rate ~300Mbps -1Gbps

e Area Capacity for a set of AP nodes: >1Gbps

STl ARV e E2E / Network Layer
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4.5. Use Case #4 — Energy and Latency Al-optimised confluent
mesh

Technical aspects triggering the Use Case

The rapid advancement of 5G networks introduces complex challenges in managing service
provisioning, particularly regarding efficient utilization of resources, minimizing latency, and optimizing
energy consumption. The "Energy and Latency Al-Optimized Confluent Mesh" use case within the
ECO-eNET project aims to address these challenges by developing and applying scalable optimization
algorithms, leveraging forecasted system parameters and real-time data.

At the heart of this use case is an Al-enhanced orchestration plane, which operates across the RAN,
the confluent transport, and compute domains to enhance service provisioning in 5G and future 6G
environments. This orchestration plane will manage resources and optimize network performance using
predictive and prescriptive Al/ML models. These models are trained on historical network data and real-
time measurements to solve the integrated sensing and communication (ISAC) problem, a critical
aspect of efficient network management.

To achieve this, the use case explores two distinct approaches: a federated learning model, where each
gNB (base station) trains local Al models on-site and exchanges model updates with a central server,
and a centralized learning approach, where all data is aggregated at a central location to train a global
Al model. The federated learning approach promises benefits such as reduced energy consumption
and lower computational intensity due to smaller local datasets. However, it introduces challenges like
increased communication overhead and potential heterogeneity among local datasets. Conversely,
centralized learning offers higher (global) prediction accuracy but requires more data collection and
model training resources.

Additionally, the use case investigates the impact of hardware acceleration, specifically Graphics
Processing Units (GPUSs), on the efficiency of AI/ML model training and execution. The findings from
this use case are expected to provide valuable insights into optimizing B5G/ 6G network performance,
balancing accuracy, energy efficiency, and computational demands, and ultimately supporting the
delivery of high-quality, low-latency services.

Table 4-15: Energy and Latency Al-optimised confluent mesh

UC#1: Energy and Latency Al-optimised confluent mesh

' Roles - Stakeholders: VISPs, NOs, Service Providers, Service Customers

Objective: The main objective of the proposed use case is to develop and evaluate scalable Al/ML
optimization schemes that enhance energy efficiency and minimize latency in 5G front-, mid-, and
back-haul networks. This includes optimizing service provisioning by leveraging forecasted system
parameters and real-time data. The aim is to balance the trade-off between energy efficiency,
computational overhead, and prediction accuracy for ISAC services in 5G and future 6G networks.

Considering the 6G capabilities landscape, this Use Case addresses besides the afore mentioned
(IMT 2030) new capabilities the Overarching principle of Sustainability.

Description:
Current status, Problem statement

o Existing centralized learning models for 5G environments require extensive data collection
and processing at a central location, leading to high energy consumption and latency.

e Current approaches are not optimized for heterogeneous environments where data privacy,
bandwidth constraints, and differing computational capabilities are significant factors.

e Traditional methods do not efficiently address the challenges of dense access point
deployment and the associated complexities in 5G networks.

ECO-eNET concept
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This use case focuses on applying Al/ML techniques to optimize energy consumption and latency in
a B5G/6G network environment. It involves the following approaches.

Federated Learning Approach: training ML models locally at each access point and aggregating them
centrally to optimize network performance. This approach aims to reduce energy consumption, lower
computational overhead, and minimize data transmission to the central server.

Centralized Learning Approach: in this scenario, sensing and communication data from all access
points are sent to a central entity where a global AI/ML model is trained using the complete dataset.
This method potentially improves prediction accuracy but requires significant data transmission and
centralized computational resources.

The goal is to compare these approaches in terms of prediction accuracy, energy efficiency, network
overhead, and computational requirements. This use case also explores how AlI/ML can be applied
to improve service quality and operational efficiency in future mobile networks.

Service Definition:

e VISP provisioning sensing data as a service to NO, for NO to initiate network optimisation,
e.g., by RAN reconfiguration

e VISP provisioning sensing data as a service to other VISPs or for self-consumption to initiate
transport network re-configuration exploiting confluent mesh structures.

e VISP provisioning sensing data to SPs — for SPs to enable specific vertical services to end-
users.

e SPsto provide applications/ services including HRLLC components.

ECO-eNET Technical Solution/ Innovation:
This use case will be based on the following ECO-eNET advancements:

e Development of federated learning techniques to optimize provisioning for ISAC services,
reducing energy consumption and computational overhead.

e Utilization of big data analytics for predicting operational parameters across the 6G
infrastructure.

e Integration of Al/ML-driven optimization schemes with 6G front-/mid-/back-haul networks to
support deterministic latency and efficient spectrum use.

Application of GPU acceleration to enhance the training efficiency of ML models
Tentative list of facilities to be used in the evaluation of the technologies of this UC:

e |ASA/NKUA Lab Testbed: for real-time data collection and training of AlI/ML models
leveraging on the 5G testbed.

¢ COSMOTE City-Wide Traffic Dataset: for validating Al/ML model performance across a
larger geographical area.

Additional testbeds (e.g., Irish, Swedish) can be integrated to simulate different network
environments.
45.1. Use Case #4 Requirements and KPIs

Considering Use Case #4, a list of requirements posed by the relevant service provisioning and service-
consuming actors are listed in the tables below.

Table 4-16: Req #11: Support of Federated and Centralized Al/ML Approaches

U-NFUNC-#11 Support of Federated and Centralized Al/ML Approaches

The system must support federated and centralized AI/ML training
approaches for optimizing 6G network performance.

Description
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e Prediction Accuracy of the AI/ML models

e Comparison of Accuracy between the two approaches
(Federated/centralized). Federated models should achieve
accuracy within 10% of the centralized approach.

Success Criteria:

KPIs/
Success Criteria

e Evaluate the performance based on operational factors such as

model convergence and adaptability in varying network
conditions.

Segment/Layer W= leReN=1sls|

Table 4-17: Req #12: Minimization of Energy Consumption

U-PERF-#12 Minimization of Energy Consumption

Description The system must minimize energy consumption during Al model training.

KPlIs:

e Power Consumption is used during training in both federating and
centralized ML techniques.
KPIs/ Success

Criteria Success Criteria:

e Evaluate energy efficiency by monitoring the system for overall
resource usage and balancing energy consumption across
distributed devices.

Segment/Layers W =leR(eN=1els|

Table 4-18: Req #13: Efficient Handling of Network Traffic

U-NFUNC-#13 Efficient Handling of Network Traffic

The system must handle high network traffic efficiently without significant
overhead.

KPls:

e Bandwidth Utilization during the Al/ML operations.
KPls/ SucCess e Overhead introduced by federated learning.

Criteria Success Criteria:

Description

e Evaluate the system capability to manage network traffic
dynamically by performing stress tests. Network bandwidth
should remain below some limit (e.g., 80%) during peak loads.

Segment/Eayers i =sleReN=1qls|
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Table 4-19: Req #14: Low-Latency Real-Time Data Processing

U-PERF-#14 Low-Latency Real-Time Data Processing

The system should ensure minimal latency in real-time data processing.

KPlIs:

e Time required for real-time data processing and model updates.
Success Criteria:

KPIs/

Success Criteria
e The system’s ability to process and respond to network data with
minimal delay under varying conditions.

Segment/Layer = leReN=1glo|

Table 4-20: Req #15: Support of Heterogenous Processing Platforms

U-NFUNC-#15 Support of Heterogenous Processing Platforms

The system must support heterogeneous processing platforms efficiently.

e Performance of the AI/ML models across different platforms.
KPIs/ Success e Synchronization time between nodes in different platforms

Criteria Success Criteria:

e Evaluate how effectively the system maintains performance
across diverse hardware in real-world conditions.

Segment/Layers W =leRieN=1qls|

4.6. Mapping of Use Cases to IMT-2030 and SNS JU vision

In overview, each of the ECO-eNET UCs aims to highlight specific project advancements and their role
in supporting relevant contexts as enablers of 6G networks in support of the IMT-2030 Usage Scenarios
and the envisioned IMT-2030 New Capabilities. The definition of the UCs follows a stepwise approach
where each UC builds on the previous one(s). In particular, initially UC#1 focuses on fibre network
sensing and optical network capabilities which are necessary to achieve the required transport
infrastructure service quality (esp. in terms of reliability and resilience) to enable the respective
overlaying E2E service quality. Building on the technologies and capabilities of UC#1, UC#2 expands
the scope by including the ECO-eNET wireless transport network advancements and the confluent
mesh networking as an enabler for 6G networks’ services (in terms of reliability, resilience and capacity).
Further highlighting the capabilities of the ECO-eNET confluent mesh networking in 6G network
deployments, UC#3 brings advanced RAN capabilities (i.e. D-MIMO and Cell Free concepts) that will
need to be supported by the underlying transport network in an E2E network deployment. Finally, UC#4
focuses on highlighting the capabilities and benefits generated by the ECO-eNET proposed Al-based
Control and Orchestration framework that will be used to optimise the resource allocation of the
underlying technologies (of confluent mesh transport and RAN/O-RAN enabled capabilities). In this
context, the UCs’ definitions remain concrete in terms of identifying key roles/ actors engaged/
addressed. At the same time the services that can be enabled (E2E or intermediate; to the end users
or actors of the service provisioning ecosystem, etc,) and the benefits that can be generated (to the
roles/actors) by the various ECO-eNET innovations and the entire ECO-eNET solution are highlighted.
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This work will be also fed to the technical WPs to define the system architecture and the relevant
network deployment options.

In the previous sections, the IMT-2030 usage scenarios and 6G networks’ new capabilities that are
enabled at each UC have been identified. These are summarised in Figure 4-2, illustrating the relevance
of ECO-eNET work on the 6G vision.

('o..

W
O arios R
9 oM gcen of ;M’: 0%"
4.9 ﬂ_@% lenmersive 90‘3 (0‘
:.',b 0 Communicalion o %
Y
5
\ntrgutrd Sensing / \ A and °
Commumication
l’omrm.mul-on
12020
mMTC  URLLC
Massiv @ +yperRelable
Commenicat \ / and Low-Latency
< Communication
<
2, :?
Jb Ublqu ftous 4‘."
% Coanectivity &
* &
% "
e, N
ﬁyq. ls"(_\‘a
. 6 Usage scenarios
«  UC#1: Optical Network
enab“ng HRLLC Usage Extension from IMT-2020 (SG)
Scenarios eMBB Immersive communication
-
mMTC Massive communication
URLLC HRLLC {Hyper Reliable & Low-Latency Communication)
New

23 Ubiquitous Connectivity
Al and Communication

B Sensing and Communication

4 Overarching aspects:
act as design principles commonly cpplicable to oll usage scenarios

« UC#3: CF/D-MIMO
Structures enabling
Immersive Communication
and HRLLC Usage
Scenarios

+« UC#4: Energy and Latency
Al-optimised confluent
mesh

Sustainability, Connecting the unconnected,
Ubiquitous intelligence, Security/resilience

Figure 4-2 Mapping of ECO-eNET use cases on IMT-2030 vision

Similarly, ECO-eNET use cases — defined/described at the network service provisioning level — are
relevant for various vertical use cases defined by SNS ICE as the vision of SNS JU delivered to ETSI.
This mapping essentially projects the enablement of vertical use cases via the proliferation of the project
advancements given a full-stack 6G network deployments. This mapping is summarised in Figure 4-3,
illustrating the relevance of ECO-eNET work on the SNS-JU vision (by SNS-ICE [4.]).
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Figure 4-3 Mapping of ECO-eNET use cases on SNS-ICE 6G vision

4.7. ECO-eNET Use Cases and KVIs

ECO-eNET aims to identify the impact of its advancements in terms of KVs and KVIs when the enabled
use cases proliferate. Following the KVIs definition framework explained in Chapter 3, we foresee a 6G
environment with widespread deployment of the ECO-eNET innovations and with the use cases being
massively adopted in the future. Considering the UN SDGs, through the massive proliferation of these
enabled services, the high-level KVs (as criteria) that are addressed are (the list is non-restrictive):
Good Health and Well Being, Quality Education, Reduced Inequalities, Quality of Living and Inclusion,
and Sustainable cities and communities, Economic and Environmental sustainability.

In particular, the high network reliability and availability levels enabled by UC#1 & 2 are considered in
supporting HRLLC Services linked especially to service provisioning in case of disastrous situations.
This can be directly linked to the UN SDG goal of Good Health and Well-Being with relevant KVIs.

The high capacity and reliability/availability levels considered in UC#3 are directly linked to the support
of combined Immersive Communication services and HRLLC services. These are then related to the
provisioning of Immersive Content for various applications, especially for educational purposes and
cultural events, to mention a few, supported in distributed environments and delivery of demanding
services to mobile users. Considering the proliferation of these services we can envision a direct impact
of UC#3 on various domains: Quality Education, Culture, Reduced Inequalities, and Quality of Living
and Inclusion. These KVs are listed below and will be further analysed in the context of the project
impact assessment.

Lastly, UC#4 is directly linked to the notion of “Sustainable 6G,” as analysed [9.]. Thus, it can potentially
impact the economic and environmental sustainability of 6G networks.

The ECO-eNET KVs as criterion are nailed down to KVs as outcome and KVIs in Table 4-21, and will
be further analysed in the context of WP5 “Impact Assessment” activities.
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Table 4-21 KVs and KVIs addressed by ECO-eNET Use Cases

Use KV as

KV as Outcome

KVis

Case Criterion

UC#1/ Good Health
2 and Well-Being

Quality
Education &
Reduced
Inequalities

UC#3

Quality of
Living &
Inclusion

UC#3

Sustainable
cities and
communities

UC#3

Economic

Al Sustainability

Environmental

UCHE  Sustainability

Stakeholder: Users
Effect on: Activities

KV1: Fast response in
emergency situations. KV2:
Mitigation  of  disastrous
situations

Stakeholder: Users
Effect on: Activities

KV1: Remote/Live
Participation in education.
KV2: Economically efficient
participation in education and
cultural products.

Stakeholder: Users
Effect on: Activities

KV1: Remote/Live
Participation in various events
(enabled by Immersive

services support).

Stakeholder: Industries
Effect on: Activities

KV1: Enabling Industry 5.0
(through support for
Immersive services) -
Effective Manufacturing.
KV2: Resource-efficient
Manufacturing.

Stakeholder:
Users

Effect on: State of Being
KV1: Economically -efficient
solution. KV2: Economically
efficient service provisioning
to end users / other actors.

Stakeholder:
Users
Effect on: State of Being

KV1: Lower Energy
Consumption. KV2: Lower
Energy Resources utilization.

Providers &

Providers &

KVI 1: Increase of communication
services availability during these
events. Decrease in communication
outages in emergency/ disastrous
situations.

KVI ~ 2: Faster response in
environmental or man-caused
incidents especially affecting large
areas.

KVI 3: Increase in the number of
incidents mitigated thanks to the
availability of communication services
(PPDR advanced services).

KVI 1: Increase in # of
educational/cultural products
available as immersive services.

KVI 2: Increase in areas

(population/coverage) having access
to these products.

KVI 1: Increase in # events available
as immersive services.

KVI 2: Increase in areas
(population/coverage) having access
to these events.

KVI 1: Increase in # processes
enabled by immersive services.

KVI 2: Energy savings are enabled via
collaborative manufacturing services.

KVI 1: Reduction of TCO for service
provisioning.

KVI 1: Optimization of
Footprint for given services.

Energy
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5.ECO-eNET System Requirements & KPIs

This chapter outlines an initial list of system requirements, which will be directly translated into
specifications for the ECO-eNET solution and will guide the project's implementation activities.

5.1. Performance-Related Requirements

Summarising and combining the Vertical Ecosystem actors’ requirements associated with the defined
use cases, the following E2E performance requirements are identified.

Table 5-1: Req #16: Capacity/ User Data rate

S-PERF-#16 Capacity

Priority Essential

Capacity highly depends on the usage scenarios and mixture of service
components to be provided over a specific area, to a specific user, or by a
specific set of RAN/AP nodes. Various metrics are used for this purpose.

The target area traffic capacity may range from a few Mbps to 1 Gbps per
square meter. According to SNS JU ICE, the expectation for immersive
services is between 20-250 Mbps/sgm.

Other studies approach this part as peak data rate (for the system nodes),
which ranges between 50Gbps -200Gbps (IMT-2030) to 1Tbps (5G
Americas/ Next G Alliance).

Other studies consider the per sqm capacity equal to peak user data rate,
ranging from 300-500Mbps (IMT-2030) to 1Gbps (5G Americas/ Next G
Alliance).

Service level KPls:

e User peak data rate ~300Mbps — 1Gbps
e Area Capacity for a set of AP nodes: >1Gbps

Description

KPIs/ Success
Criteria

Sl AEEVE e E2E / Network Layer

Table 5-2: Req #17: Reliability Level of HRLLC services.

S-PERF-#17 Reliability Level of HRLLC services

Priority Essential

To provide HRLLC services it is necessary to ensure specific reliability

A levels for the E2E 6G network connection, depending on the services.

PRI Service level KPIs:
Criteria e Reliability of 1*10°5- 1¥107 - error probability (Acc. IMT-2030 targets)

SleiEie A ERVES E2E / Service Layer

Table 5-3: Req #18: Latency of HRLLC services.

S-PERF-#18 Reliability Level of HRLLC services

Priority Essential
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Description To provide HRLLC services, specific latency levels for the E2E 6G network
P connection must be ensured, depending on the services.

KPIs/ Success Service level KPlIs:
Criteria e Latency in the order of 0.1ms — 1 ms
STl leple AEEVIEI S E2E / Service Layer

Table 5-4: Req #19: Transport Segment Capacity

S-PERF-#19 Transport Segment Capacity

To provide high traffic density 6G networks, it is necessary to meet specific
link capacity targets in the transport network segment. To this end, we
consider wireless transport links aggregating multiple RAN node’s Fronthaul/
Backhaul.

Description

Service level KPIs:
KPIs/ Success ) ; ; - )
Criteria e Provide 1Tb/s capacity over 1 km with a power efficiency not exceeding

40 pJ/bit — at wireless transport.

Sielolylepe AEEVE S Transport Network segment

5.2. Optical Transport Network Requirements

The sensing data service provisioning requirements are part of the user requirements deriving directly
from the role’s interactions in the context of Use Case #1. The relevant system-level requirements and
KPIs related to the optical transport network are summarised in the following tables.

Table 5-5: Req #20: Optical Transport Sensing Capability

S-FUNC-#20 Optical Transport Network Sensing Capability

Optional/Essentia

o Optical Transport Network is mainly used to transport multiple Terabits/s of
Description . o . :
data but is also utilized as a sensing grid.

KPIs:

e Detect any interruptions that develop in a timeframe of 1 minute or less

e Detect any long-term (1l-year timeframe) degradation of the fibre
infrastructure measured as an increase in the link attenuation higher
than 0.5 dB.

KPls/
Success Criteria

The Optical Transport Network will support x-haul functionality within ECO-
Sl lpie AEEVE S eNET's confluent access network. Therefore, the Optical Transport Network
developments will address metro and access network segments.

Table 5-6: Req #21: Optical Transport Responsiveness / Re-configurability

S-FUNC-#21 Optical Transport Responsiveness / Re-configurability

Optional/Essential
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Using data from the sensing-enabled devices, the network can adapt
Description operational parameters to the load condition (including the number of
channels, spectral location, and signal type, e.g., analogue RoF vs. Digital).

KPIs:

e Respond to interruptions that develop suddenly in a timeframe of 1
hour or shorter with reconfiguration and/or redirection
e Detect and adapt to any gradual degradations (>0.1dB/hour) with a
timeline of 1 hour or more
KPIs/ e Maximum reconfiguration speed as a function of capacity, power, and
Success Criteria signal type (analogue vs digital) of the switched channels
o The total bandwidth and power of the signals to be
switched for analogue and digital signals
o Capacity per second that can be switched with the slow
adaptive mode or fast responsive mode
e Capability to avoid critical link interruptions on the existing traffic

The Optical Transport Network will support x-haul functionality within ECO-
Sl AEEVETS eNET's confluent access network. Therefore, the Optical Transport Network
developments will address metro and access network segments.

5.3. Wireless Transport Network Requirements

The wireless transport system level requirement and related KPIs are summarised in the following
tables.

Table 5-7: Req #22: FSO x-haul Data Rate

S-PERF-#22 FSO x-haul Data Rate

Priority Essential

The FSO link is required to provide terabit-scale transport capacity to support
wireless 6G service provisioning within a mesh-based confluent access
network. A peak data rate of 1 Th/s over a 1km distance will be targeted
through a system demonstration of the FSO technology under development.

Description

Success Criteria:

e Data rate defines the number of bits that can be transmitted over the
communications link every second. The data rate will be measured in
Gb/s, and the overhead required to transmit and receive coherent optical
data signals will be considered. Therefore, a net data rate of 1000 Gh/s

KPIs/ will be targeted for FSO link demonstration under mildly turbulent

Success Criteria conditions.

e Bit Error Ratio (BER) is the ratio of the number of bits received in error
to the total number of bits transmitted over the communications link.
BER will be evaluated for each optical wavelength transmitted over the
FSO link with successful communication requiring a BER of 2x10-2 (this
is the BER limit considering a forward error correction rate of 20%).

Segment / The FSO link will support x-haul functionality within ECO-eNET's confluent
Component/ access network. Therefore, the physical layer FSO developments will
Layer address front, back, and mid-haul network segments.
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S-FUNC-#23

Description

KPls/
Success Criteria

Segment /
Component/
Layer

Table 5-8: Req #23: FSO Support for Transparent x-haul

FSO Support for Transparent x-haul

Essential

The FSO link is required to support front-, back-, and mid-haul wireless
transport within the ECO-eNET confluent network. This requires the FSO to
act as the connection between various network nodes and to transport a
variety of communication technologies between those nodes. FSO support
for transparent x-haul describes the requirement of the FSO link to facilitate
the transmission of both optical and radio transport schemes. Ultimately, this
flexibility enhances the overall reliability of data transport within the confluent
network.

KPlIs:

e The successful modulation and demodulation of wavelength division
multiplexed coherent signals, analogue radio-over-fibre signals, and
digital radio-over-fibre signals can be verified by evaluating the BER for
each modulation type. This will be achieved through system
demonstrations targeting a BER of 2x102 for optical coherent
transmission cases and a BER of 3.8x102 for radio-over-fibre
transmission cases.

Success Criteria:

e Physical interfacing between the FSO link components and the transmit
and receive components of (i) coherent optical wavelength division
multiplexing transceivers and equipment, (ii) analogue radio-over-fibre
transceivers, and (iii) digital radio-over-fibre transceivers. Success in
this requirement can be indicated by the observation of the expected
signal power spectrum within the FSO link in each case.

The FSO link will support x-haul functionality within ECO-eNET's confluent
access network. Therefore, the physical layer FSO developments will
address front-, back-, and mid-haul network segments.

Table 5-9: Req #24: RFW x-haul Data Rate

S-PERF-#24

Priority

Description

KPIs/
Success Criteria

RFW x-haul Data Rate

Essential

The RFW link aims to deliver low latency and terabit-scale transport capacity
to support the 6G wireless service provisioning within a mesh-based access
network, complementing the FSO link to make the wireless network more
robust in terms of adverse weather conditions, especially fog. The system
demonstration of the RFW link under development will target a peak data rate
of 1 Th/s over 1 km at carrier frequencies between 190 and 320 GHz.

KPIs:

e The net-data rate will be measured in Gb/s and include overheads
required for forward error correcting codes to transmit and receive
coherent optical data signals. Therefore, a net data rate of 1000 Gb/s
will be targeted for RFW link demonstration under clear weather
conditions.

e Bit Error Ratio (BER) is the ratio of the number of bits received in error
to the total number of bits transmitted over the communications link,
excluding Forward Error Correction (FEC). BER will be evaluated for
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Segment /
Component/
Layer

S-FUNC-#25

Description

KPIs/
Success Criteria

Segment /
Component/
Layer

each subchannel for different received powers over the RFW link with
successful communication requiring 2x102 considering a soft-decision
FEC with overhead of 20 %.

The RFW link will support x-haul functionality within ECO-eNET's confluent
access network. Therefore, the physical layer RFW developments will
address front-, back-, and mid-haul network segments.

Table 5-10: Req #25: RFW Support for Transparent x-haul

RFW Support for Transparent x-haul

Essential

The RFW link is essential for front- back-, and mid-haul transport within the
ECO-eNET confluent network, connecting various nodes and supporting
diverse communication technologies. Its ability to seamlessly integrate into a
fibre optic link and, therefore, to handle both optical and radio transmission
transparently enhance the network’s overall reliability.

KPlIs:

e The successful modulation and demodulation of wavelength division
multiplexed coherent signals can be verified by evaluating the BER for
each modulation type. This will be achieved through system
demonstrations, which will target a BER of 2x10-2 for optical coherent
transmission.

e The successful transmission of A-RoF signals requires a constant
attenuation and phase response over the RF band, which will be
captured by measuring the channel's impulse response during the
system demonstration. An attenuation difference of less than 6 dB is
targeted over the range between 190 and 320 GHz.

Success Criteria:

e Another criterion for successfully transmitting analogue RoF signals is
the noise figure (NF) that describes the signal-to-noise degradation and
the spurious free dynamic range (SFDR) that measures the linearity and
dynamic range for the RFW channel. These distortions come from
optical and electrical amplifiers and lasers in the system. No targets are
defined for NF and SFDR. However, success is indicated by the
measurement of these parameters.

e Optimal alignment and stability over time of the antenna system
providing >60 dBi gain in both polarizations between 190 GHz and 320
GHz. Equipment such as arbitrary waveform generators (AWG) and
digital signal oscilloscopes (DSO) are necessary to generate and
receive digital and analogue signals. The system demonstration will use
lasers, electrical and optical amplifiers, filters, and breadboards. The
success of this requirement is achieved by connecting all instruments
and components and measuring optical and sub-THz-power levels,
signal-to-noise ratio where possible, and power spectral density at
various positions in the link.

The RFW link will support x-haul functionality within ECO-eNET's confluent
access network. Therefore, the physical layer RFW developments will
address front-, back-, and mid-haul network segments.
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Table 5-11: Req #26: Combined Analog Radio over Fiber (A-RoF) and Digital Coherent
Optical (DCO) data transmission

. . Combined Analog Radio over Fiber (A-RoF) and Digital Coherent
SARCINES 2 Optical (DCO) data transmission

The A-RoF signals are particularly useful in integrating optical and radio
networks to create a unified and confluent transmission system. These
signals are part of the project’s exploration into creating a flexible and efficient
Description edge network by combining FSO (Free Space Optics) and RFW transmission
technologies. Demonstration of coexistence of heterogeneous Analog Radio-
over-fiber and Digital Coherent Optical signals transparently across a
converged, fully transparent metro-access network

KPIs:

o EVM: Signifies the quality of the A-RoF signal based on the error vector
magnitude value of the OFDM QAM signal. The value should lie within
the forward error correction threshold value.

o Q-factor: Signifies the quality of the DCO signal based on the number
of bits in error. The value should lie within the forward error correction
threshold value.

KPls/
Success Criteria

A-RoF in the ECO-eNET framework is evaluated for its role in optimizing the
Segment / network's front-haul, mid-haul, and backhaul (x-haul) networks. The project
Component/ examines how A-RoF, in combination with DCO signal, can improve network
Layer performance in various transmission configurations, achieving high
capacities while minimizing latency and energy consumption.

5.4. Access Network Requirements
The requirement and KPIs to be met by the solution radio access segment are summarised in the
following tables

Table 5-12: Req #27: CF/D-MIMO Fronthauling

S-FUNC-#27 CF/D-MIMO Fronthauling

CF/D-MIMO APUs and O-RAN RU/CU/DU nodes shall be interworking with
Description fibre optic or wireless transmission. Synchronisation aspects shall be
investigated and resolved.

Success Criteria:

e CF/D-MIMO and O-RAN RU/CU/DU nodes deployment paradigm using
the ECO-eNET confluent mesh transport for relevant APs fronthauling.

KPIs/
Success Criteria

Segment /

O-RAN/ CF-D-MIMO APUs and Transport network segments
Component

Table 5-13: Req #28: CF/D-MIMO Flexibility for Resilience and High Reliability/ Availability

S-FUNC-#28 CF/D-MIMO Flexibility for Resilience and High Reliability/ Availability
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CF/D-MIMO APs shall be dynamically re-configurable based on various
triggering events. Dynamic activation of AP functionality with short delay
should be supported.

At the same time, to ensure resilience and network availability, multi-
connectivity and separation of CP and UP go hand in hand with scalable D-
MIMO systems. In particular, there should be support for joint multiband
transmission/reception. In addition, management and orchestration
functionality should operate on a sub-second time scale.

KPlIs:

e Time to activate an AP

e Time to re-configure a set of APs (clustering time)

e Management and orchestration functionality should operate on a sub-
second time scale.

CSegment / CF-D-MIMO APs and Transport network segments
omponent

Table 5-14: Req #29: Wireless Sensing

Description

KPIs/
Success Criteria

S-FUNC-#29 Wireless Sensing Service

The wireless access segment is expected to support wireless sensing
services acquiring information of the environment and/or objects within the
Description environment, such as the distance (range), angle, or instantaneous linear
velocity of objects, etc. Sensing information from the wireless segment is
exposed through suitable APIs to a trusted third-part.

Success Criteria & KPIs:
KPls/ e Perform object detection and tracking with positioning error less than

Success Criteria 10m
e Max sensing service latency 100-5000ms

D IE! ) Wireless access and Transport network segments
Component

Table 5-15: Req #30: O-RAN nearNR-RIC Capabilities

S-FUNC-#30 O-RAN nearRT-RIC Capabilities

The Near RT RIC must support standard E2 interface to aggregate and
expose the telemetry of RAN elements. It must provide a platform for xAPPs
Description to learn the topology of network elements, the telemetry information and
optimise the network via control interfaces provided by E2. The RIC must
also support Al interface for policy management and O1 interface to modify

the configuration of XAPPs in the RIC.

Success Criteria & KPIs:

KPIs/ e O-RAN RIC xAPPs can subscribe over the E2 interface to receive RAN
telemetry information.

e O-RAN RIC xAPPs are able to perform control operations such as
changing configuration of the network to optimise RAN performance or

Success Criteria
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control mobility behaviours based on Al algorithms. The control loops
have a latency of 10ms to 1 sec to optimise the network performance.

e XAPPs configuration can be changed via O1 interface

e The nearRT RIC supports Al interface to set policies on the RIC

Segment / O-RAN and Transport network segments
Component

5.5. Management Plane Requirements

The management plane requirements are related to controlling the infrastructure and orchestrating data
services across layers. Segment/ element management requirements apply top-down to all the
technical segments of the ECO-eNET solution. The latter will be further defined and elaborated in the
specific technology definition phases.

Table 5-16: Req #31: Confluent mesh transport network control

S-FUNC-#31 Confluent mesh transport network control

The architecture provides the necessary interfaces (northbound/southbound)
to control and manage the physical elements of the confluent mesh transport
Description (optical, wireless). These interfaces are exposed to the management plane
using a commonly defined information model enabling (re-)configuration of
the physical elements in an automated way.

Success Criteria & KPIs:

e Using a single virtualized control entity to manage the confluent mesh
network.

¢ Number of elements controlled.
Time to reconfigure network elements (sub-sec)

o
Sielolleile ARV S Control Layer

Table 5-17: Req #32: Confluent mesh slicing

KPIs/ Success
Criteria

S-FUNC-#32 Confluent mesh transport network slicing

The architecture is able to instantiate multiple isolated service slices over the
confluent mesh without affecting the QoS of other service flows. Therefore,
Description the network controllers must offer means to provide the required QoS for a
service and the ability to prioritize resources when necessary to meet the
service requirements.

(RIS ASeeess | Success Criteria:
Criteria e Support of multiple traffic without zero SLA violation

Sl AEEVET S Transport Segment, Contol Layer
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Table 5-18: Req #33: Confluent mesh efficiency

S-FUNC-#33 Confluent mesh transport network efficiency

The system is able to dynamically control the traffic forwarding decisions
for all physical elements creating isolated E2E service slices. To improve
efficiency, mechanisms that take decisions to optimally distribute network
Description traffic over the confluent mesh minimizing control and user plane resource
usage are supported. These mechanisms, should be able to optimize
resource use under different network connectivity scenarios and
applications.

Success Criteria & KPIs:
KPIs/ Success

Criteria e Dynamic reconfiguration of the confluent mesh reducing network
utilization for the ISAC by 50% compared to the static case.

Siehllele MRSV S Transport Segment

Table 5-19: Req #4 Confluent mesh transport network monitoring

S-FUNC-#34 Confluent mesh transport network monitoring

The architecture provides the ability to expose monitoring data and

performance metrics of the confluent mesh to data management platforms

for visualization and processing. The mechanism will identify the optimal

Description placement and splitting of monitoring data based on the type of applications

SFSeleeeel | e Optimal placement of monitoring and telemetry data reducing network

Criteria overheads and energy efficiency by 50% compared to the centralized
case.

that will be used.
Sl AEEVE S Transport Segment, Management Layer

Table 5-20: Req #35: Management Plane Layering — Single- and Multi-Domain Data, Service and Al
Orchestrators

Users is also able to specify the parameters that can be monitored and set-
up alerts/reports that can sent either real time or on a predefined basis.

Success Criteria & KPlIs:

Management Plane Layering — Single- and Multi-Domain Data,
Service and Al Orchestrators

The architecture may comprise a single or multiple domains. Thus,
depending on further discussions and the architecture definition, it can be
Description decided later how to split the management layers. Different orchestrators
should be defined to manage data, normal service, and Al distribution and

S-FUNC-#35

usage.
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Success Criteria & KPlIs:

e Latency of Orchestration: The time taken for the orchestrator and the
underlaying controllers to manage resources across single- and multi-
KPIs/ Success domain systems.

Criteria e Orchestration Efficiency: Number of successfully orchestrated tasks
per second (tasks instructed by the orchestrator to be applied by the
controllers).Scalability: Number of domains that can be handled
without impacting performance.

Sislolylpie AEEVE S Management Plane, across layers

Table 5-21: Req #36: Management Plane Layering — Autonomous Fabric and Context Orchestrator

Management Plane Layering — Autonomous Fabric and Context
Orchestrator

There may be a need for an autonomous orchestrator to be defined, which
could provide (according to fixed or even Al-chosen/Al-generated
Description optimization strategies) the orchestration of the NFV and computing fabrics
through the proposed and dedicated controllers and the associated
functions and configurations.

S-FUNC-#36

Success Criteria & KPlIs:

e Orchestration Latency: time taken for the autonomous orchestrator to

. apply configuration changes.
Criteria e Resource Utilization: the percentage of computing resources efficiently
managed and optimized by the orchestrator.

e Autonomy in Decision Making: the number of decisions made
autonomously by the orchestrator versus manual inputs.

Sl AEEVEl S Management Plane, across layers

e Time, Synchronisation, and Latency monitoring for UC#2
e Monitoring and Control for coordination in UC#3
Use Case e Al Orchestration (MANO for Al, still not confirmed at this stage) and
autonomous policy/SLA provision (for Processing and Storage)
provision for UC#4

Table 5-22: Req #37: Management Plane Layering — Security and Privacy Orchestration
S-FUNC-#37 Management Plane Layering — Security and Privacy Orchestration

There is a need to secure the management plane since it will handle
D o sensitive data across multiple domains. The secure orchestration of data,
escription . ! . . ;
services, and Al models dictates E2E security measures, like encryption,
access control, and anomaly detection.

KPIs:

KPIs/ Success e Encryption Latency: the time added to the orchestration process due
Criteria to encryption and decryption of data.

o Number of Security Incidents: number of detected and mitigated
security threats.
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e Access Control Breaches: number of unauthorized access attempts
successfully blocked.

Success Criteria:

e Privacy Compliance: Compliance with data protection standards (e.g.,
GDPR) in handling and processing user-related and Al-related data.

Segment/Layer W =gleR ek =gl]

5.6. Al-related Requirements (Cloud/Edge)

The Al requirements related to the cloud (core) and edge closely relate to the management plane
requirements discussed in the previous section. In this section, we adopt a top-down approach to
address the Al requirements of each layer in the architecture. The following presents the Al
requirements for cloud and edge, which are specified for each management plane.

Table 5-23: Req #38: Al cognition/context layer.

S-FUNC-#38 Al-based Cognition/Context Layer

A layer that manages data for Al, Al services, and infrastructure deployments
across distributed, networked, and managed computing and networking
Description infrastructure. A distributed system, working with the different policies, could
potentially work at any architecture level, from domain to inter-domain level,
based on the abstraction of policies and/or SLAs.

KPlIs:

e Adopting an Al-based cognition/context layer aims to improve the
resource efficiency of Al models by 25%, resulting in an improvement of
the same magnitude in terms of latency and energy consumption of Al

KPIs/ models.

SUCCESS Criteria oo N =\( -

e The Al-based cognition/context layer will contribute to the project's
economic sustainability and innovation by reducing human intervention
in Al management. In contrast, other layers/services can take advantage
of Al

This requirement should be split and impact all layers of the architecture,
apart from the fixed systems themselves. The main scope of

STl AEEVET S implementation would be between the Control & Management and the
Management & Orchestration layers, taking the input from and impacting all
the layers.

Table 5-24: Req #39: Single-Domain Autonomous VNF and Service Orchestrator

S-FUNC-#39 Single-Domain Autonomous VNF and Service Orchestrator

— Interacting with the domain orchestrator (NBI) and leveraging novel Al/ML
Description techniques to predict the optimized configuration of resources, data, network
configuration, and service placement within the domains, considering
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contextual, SLA, and pub-sub information and Al
recommendations/selections to support KPIs.

KPlIs:

e The adoption of the Al models aims to improve the resource efficiency,

PRI RIS latency, and energy consumption of each domain by 5%-10%.

to be measured
Or/And Success Criteria:

s o i * Al models must use open standards that allow for fast and easy
integration of their services into the control plane functions developed
within the project.

The main scope of implementation would be between the Control &
Sl lple AEEVE S Management and the Management & Orchestration layers, taking the input

from and impacting all the layers.

Table 5-25: Req #40: Al and Associated Data Domain Splitting Mechanisms

Potential use cases where this requirement is posed:

e Time, Synchronisation, and Latency based automation for UC#2

e Monitoring, Control, and distributed/federated ML implementation for
(possibly RAN) automation in UC#3

e Al Orchestration (MANO for Al, still not confirmed at this stage) and
autonomous policy/SLA provision (for Processing and Storage)
provision for UC#4

S-FUNC-#40 Al and Associated Data Domain Splitting Mechanisms

Mechanisms for splitting Al algorithms (potentially deep neural networks) and
computing across distributed, networked, and managed compute
Description infrastructures from the front-end in small edge computing facilities close to
the user (e.g., MEC, embedded Al, extreme edge Al and specialised ML), to

the backend, in a (de)centralised edge/cloud data centre

KPls:

e Reduction of the local processing requirements by 25% and a reduction

in the latency due to constrained resources by 25%.
KPIs/Parameters o

or/And e The splitting of Al models will allow for a higher resource efficiency at
Success Criteria the local devices in exchange for a higher usage of remote resources.
Privacy is also improved if suitable for the use case. Finally, there is an
improvement in the federation and/or isolation of data processing,
enabling local and global agents to interact and collaborate.

This requirement should be split among and impact all layers of
Sisicie AEEVET S deployment, considering the integration with computational capabilities
across architectural layers.
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Table 5-26: Req #41: Al Orchestration

S-FUNC-#41 Al Orchestration

Priority Essential

The orchestration of Al within one of the confluent domains, according to
Description need, readily available assets, context, distribution, and splitting
mechanisms, to support desired KPIs and SLAs.

KPlIs:

e Al orchestration will be used within the confluent domains to achieve
5%-10% improvements in the end-to-end service KPlIs.

KPls/ Success Criteria:

e The adoption of an Al orchestration must provide improvements in
terms of scalability in two different dimensions: through the use of
automatic scaling mechanisms for meeting the demands of Al services

by the architecture and by reducing the need for human intervention
for the Al lifecycle processes.

Success Criteria

This requirement should be used and be influential across all layers of
SEllyleie ARSI e deployment (apart from the physical layer), considering the main concept
of confluent networking, its dynamicity, and its reconfigurability.

e (Possibly) Monitoring for UC#1

e Time, Synchronisation, and Latency monitoring for UC#2
Monitoring, Control, and distributed/federated ML management for

Use Case (possibly RAN) coordination for UC#3

e Al Orchestration (MANO for Al, still not confirmed at this stage) and
autonomous policy/SLA provision (for Processing and Storage)
provision for UC#4

Table 5-27: Req #42: Ethical and Fair Al

S-OTH-#42 Ethical and Fair Al

Priority Essential

The Al models used in network orchestration and management should be
fair, transparent, and aligned with ethical standards.

KPls/ Success Crlter!a: N
e Al auditability score
e Frequency of bias checks in Al outcomes

Description

Success Criteria

Segment / Layer E2E

5.7. Computing Infrastructure Requirements (Cloud/Edge)

The computing infrastructure requirements are related to compute resources allocation at cloud and
edge domains, for network functions-related processing.
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Table 5-28: Req #43: Virtualised computing infrastructure

S-FUNC-#43 Virtualised Computing Infrastructure Requirements

The confluent network must provide virtualised distributed computing
infrastructure across the confluent infrastructure. The computing
infrastructure will provide essential processing power for the monitoring,
management, control, and orchestration of all the components of the
confluent architecture. This requirement is also essential for implementing
the whole Al Orchestration fabric. It provides the computing, storage, and
in-network routing fabric configuration mechanisms necessary for the
dynamic (re)configuration of the confluent networks

KPls:

e Deployed machines and resources, available resources for each
purpose (confluent mesh management and orchestration, “split” Al
execution and orchestration and service satisfaction and
orchestration), and domain and slice allocation for computing, storage,
networking, and management.

Success Criteria:

e Possibility to instantiate computing resources at various nodes in the
network; Achievement of Native Trusted Al (AlaaS), Coverage
Expansion, Autonomous System for Energy Efficiency services within
the compute infrastructure

KPls/Success
Criteria

This requirement is essential across all layers of deployment, considering
Sllylepie AEEVEE the main concept of confluent networking, its dynamicity, and its
reconfigurability.

e Monitoring for UC#1 and #2

e MANO, VNF, and Computing (Processing and Storage) provision for

Use Case UC#3

e Al Orchestration (MANO for Al, probably) and Computing (Processing
and Storage) provision for UC#4

5.8. Other Requirements

In addition to the system performance, functional and non-functional requirements that derive from the
use cases, there are other requirements addressing generic system deployment and operation
practices followed by actors (especially network operators) in rolling out and operating commercial
networks. These requirements are listed below.

Table 5-29: Req #44: Scalability of interfaces/infrastructure

S-OTH-#44 Scalability of interfaces/infrastructure

Description The network elements/ interfaces/ data/ functions shall be scalable to
deal with large-scale deployments.

Criteria/ KPIs e Scalability shall be ensured at the element and process design phases
for all network elements.
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e Scalability will also be addressed as part of relevant architecture
evaluation studies.

Segment / Layer All interfaces and elements

Table 5-30: Requirement #45: Cost Efficiency of E2E Solution

S-OTH-#45 Cost Efficiency of E2E Solution

Priority Essential

Description Each network element and the E2E solution shall provide a cost-efficient solution
for a given performance/ functionality implementation.
sSuccess Success Criteria & KPIs:
Criteria/KPls  Cost efficiency shall be ensured by design for all network elements.

o Cost efficiency will be assessed by relevant techno-economic studies.

Segment / Layer E2E system
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Conclusions

ECO-eNET is developing a next-generation infrastructure designed to exceed the performance of
current networks and aligns with the IMT-2030 vision and KPIs especially considering Ubiquitous
Coverage, high reliability and Sustainability aspects. To this end, the project focuses on delivering a
solution and deployment paradigms of “Confluent mesh networking” leveraging on sensing capabilities
available at various network segments and on an intelligent control and orchestration plane.
Technologies like RFW (at Sub-THz), FSO, and Optical Fiber transmission are critical components of
this approach. The deriving network deployments will be managed by an Al-driven orchestration layer
that coordinates across 6G RAN, confluent mesh transport, and compute domains towards meeting the
6G services requirements and KPIs.

This document presents a set of key 6G use cases that the ECO-eNET vision, technological
innovations, and concepts can enable. The definition of the use cases adheres to the work already
performed in the context of SDOs, 6G Associations, and relevant research activities on identifying 6G
use cases, services, and KPIs while elaborating on the scenarios and storylines that can be supported.
For this purpose, this work leverages the current definitions of 5G ecosystems and augments it with the
6G vision, where both vertical use cases and a variety of service provisioning scenarios are anticipated.

Given that 6G research is in its early stages, vertical use cases represent a long-term goal for fully
developed 6G networks (consistent with IMT-2030 scenarios). In contrast, service provisioning use
cases are more immediate, focusing on capabilities that ECO-eNET provides to enhance or facilitate
service and network providers' operations, essentially linked to the IMT-2030's new capabilities. As a
result, ECO-eNET's primary emphasis is on service provisioning scenarios, with vertical use cases
mentioned as the envisioned objective.

In summary, the use cases envisioned and defined within ECO-eNET are the following:

Use Case #1: considers a confluent network solution at the transport segment of 6G networks based
on new sensing-oriented devices, enabling the detection of infrastructure malfunctions, outages, and
service-related intrusions in modern fibre optical networks. This UC addresses storylines related to the
development and applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” and fibre
transport network sensing, and it reflects the requirements to be met by the infrastructure and
virtualisation layer in order support HRLLC services — especially focusing on the required reliability
levels.

Use Case #2: builds on the capabilities of UC#1 and further enhances UC storylines enabled by
extended confluent solutions for high capacity, highly reliable, low latency transport network based on
the exploitation of wireless transmission technologies operating across new spectrum bands (sub-THz
and FSO). The UC also considers sensing (along with communication) services over these new
segments, used to detect transport links’ unavailability, performance outages, or degradation, and
enabling confluent mesh networking for increased network reliability and performance (capacity and
latency) via an intelligent control/ management plane. This UC focuses on the development and
applicability of (IMT 2030) new capabilities “Ubiquitous Connectivity” and “wireless transport network
sensing”, and it reflects the requirements to be met by the infrastructure and virtualisation layer to
support HRLLC Scenarios and High-Capacity network deployments, usually utilised for Immersive
Communication services.

Use Case #3: leverages CF/D-MIMO structures at the RAN segment, complemented with a confluent
mesh transport network. The main objective of the proposed use case is to provide a solution to support
Immersive Communication and HRLLC scenarios posing stringent performance (especially data rate
and reliability) requirements while allowing for radio network deployment scalability and flexibility.
Considering the 6G capabilities landscape, this Use Case focuses on the development and applicability
of (IMT 2030) new capabilities “Ubiquitous Connectivity”, and it reflects the requirements to be met by
the infrastructure and virtualization layer to support HRLLC and Immersive Communication services.
SNS ICE use case categories like “Immersive Experience/ Seamless Immersive Reality” and “Fully
Connected World/ Ubiquitous and Resilient Networks” fall in the focus of this UC.
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Use Case #4: focuses on an Al-enhanced orchestration plane, operating across the RAN, the confluent
transport, and compute domains to enhance service provisioning in 5G and future 6G environments.
This orchestration plane will manage resources and optimize network performance using predictive and
prescriptive AI/ML models. To achieve this, the use case explores two distinct approaches: a federated
learning model, where each gNB (base station) trains local Al models on-site and exchanges model
updates with a central server, and a centralized learning approach, where all data is aggregated at a
central location. The overall target is to balance the trade-off between energy efficiency, computational
overhead, and prediction accuracy for sensing and communication services in B5G and 6G networks.

The selected 6G use cases are detailed in terms of the value and capabilities they offer to various
service providers within future 6G ecosystems and the anticipated 6G end-users (both verticals and
individuals) at later stages of deployment. Taking a stepwise approach in building the complete ECO-
eNET system from building blocks, the descriptions especially cover technical aspects, highlighting the
connection to ECO-eNET's proposed technologies and innovations and the associated requirements
and KPls. These elements are then translated into system-level requirements and KPIs that the ECO-
eNET architecture and technological developments must satisfy.

Finally, to ensure that the proposed technological advancements and the project work align with societal
values and address global challenges, Key Values (KVs) where the use cases are expected to
contribute are identified. Specific Key Value Indicators (KVIs) are established to evaluate the impact of
these technologies on identified KVs, with an emphasis on sustainability. This initial work will be further
followed up in the context of the project Impact Assessment activities in ECO-eNET WP5.
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Acronyms

Definition

5G Core Network

5G Alliance for Connected Industries and Automation

5G New Radio
6t Generation networks
6G Infrastructure Association
Achievement of Native Trusted Al
Artificial Intelligence (Al)/Machine Learning (ML)
Access Point Unit
Augmented Reality
Arbitrary Waveform Generators
Analogue Radio over Fiber
Beyond 5G Promotion Consortium
Bit Error Ratio
Base Station
Cell-Free
Cell-Free/ Distributed massive MIMO
Coordinated Multi-point Joint Transmission
Central Processing Unit
Communication Service Provider
Central Unit
Digital Coherent Optical
DataCenter Service Provider
Digital Signal Oscilloscopes
Distributed Unit
European Commission
End-to-End
Enhanced-Mobile Broadband
Flex-grid Wavelength Division Multiplexing
General Data Protection Regulation
GSM Association
Hyper Reliable and Low-Latency Communication
5G NodeB
Hyper-Reliable Low-Latency Communication
Integrated Access and Backhaul
Integrated Access and Confluent
Information and Communication Technology
International Mobile Telecommunications
Integrated Sensing and Communication
Internet of Things
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Infrastructure Provider
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International Telecommunications Union
Key Performance Indicator
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Key Value
Key Value Indicator
Medium Access Control
Management and Orchestration
Multi-access Edge Computing
Multiple-Input Multiple-Output

<
@]

mMTC massive-Machine Type Communication
MLO Multi-Link Operation
Massive MIMO
Millimeter Wave
Mobile Network Operator
N20 Nitrous Oxide
NGMN Next Generation Mobile Networks
NN Neural Network
IN[@] Network Operator

OA
OTDR Optical Time Domain Reflectometer

OpenAirinterface

OFDM Orthogonal Frequency Division Multiplexing
O-RAN Open- Radio Access Network
OSaaS Optical Spectrum as a Service

OTFS Orthogonal Time Frequency Space
PHY Physical layer
QAM Quadrature amplitude modulation
RAN Radio Access Network
RFW Radio fixed wireless
RU Radio Unig
Service-Based Architecture
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Sliceable Bandwidth Variable Transceiver
Sustainable Development Goal
Spurious Free Dynamic Range

Service-Level Agreement
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Signal-to-Noise Ratio
SNS JU Smart Networks and Services Joint Undertaking
SNVC Societal Needs and Value Creation

n

—
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R Societal Readiness Level
Hz Terahertz
TMV SNS-WG Test Measurement and Validation SNS Working Group

TMV-KVIs Test Measurement and Validation SNS Working Group
— Key Value Indicators Measuring Sub-WG

TRL Technology Readiness Level
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ucC Use Case
UN United Nations
URLLC Ultra-Reliable Low-Latency Communication
VISP Virtualization Infrastructure Service Provider
G Work Group
XR Extended Reality



