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Abstract— A new paradigm shift is required for Technology
Design and Evaluation focusing not only on Network Related
Parameters and Market Opportunities, but equally important by
addressing the Societal Development Goals (SDGs) . Towards
this scope, Values are introduced for the assessment of the
impact of Technological Developments to the societal and
ecological challenges. Certain EU funded projects deal with
such a challenge of 6G Networks by means of the Key Values
Indicators (KVIs), other projects such as HEXA-X Il introduce
the concept of Sustainability Handprints and Footprints. At this
stage there is no clear common Framework for values-driven
development. This paper investigates the approach of five
different SNS-JU Projects Evaluation Methods which either
focus on Use Cases or are use case agnostic focusing on
technological enablers. For the Case of 6G-INTENSE, which is
an ongoing Phase 2 Project, an additional high level overview of
the Measurement Method of the KVIs will be referenced in this

paper.

Keywords— 6G Networks, KVIs, KPIls, EU-funded
projects, common Framework, Societal and Development
Goals (SDGs)

I. INTRODUCTION

Facing world threats on a global level [1], Research and
Technology Developments are crucial in addressing
societal challenges. Technology is expected not only to
fulfill technical and user requirements but also to
proactively address these challenges and their underlying
societal values. This is particularly applicable for the ICT
sector where the new developments encounter innovation
opportunities with unique social, environmental and
economic concerns. The adoption of 5G and 6G
Technologies aim to ensure beneficial access for
everyone, everywhere. Such values-driven technological
developments represent a paradigm shift with a high
potential for creating a positive societal impact [2][1].

The identification and evaluation of the impact of
technology research and development on societal values is
also a crucial field for the EU funded research activities
and lies in the core of the aforementioned projects’
activities. To meet these stringent requirements, 6G
Industry Association (6G-1A) has formed the Societal
Needs and Value Creation (SNVC) subgroup [3] under the
Vision Working Group (WG) . The aim of the works of
the SNVC subgroup is to gather and align the activities at
EU funded research level according to the knowledge
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acquired from EU funded projects, from external experts
and from the ICT industry.

This paper focuses in answering a simple question. What
is the current state of the SNS-JU projects, regarding the
assessment/evaluation of the impact on societal values?
To this end, five different projects are presented,
highlighting on the different approaches followed.

Il.  THE WORKS OF OTHER SNS-JU PROJECTS

A. HEXA-X1I

HEXA-X Il investigates the need for 6G capabilities in six
use case families.  These families are: Immersive
Experience, Collaborative Robots, Physical Awareness,
Digital Twins, Fully Connected World and Trusted
Environments [4] . For each representative use case a
detailed analysis has been performed extracting the
requirements and KPIs which will guide the research in
the future project stages. The final KPIs chosen are
primarily inspired by the IMT-2030 Framework [5],
however they are use-case specific and emphasize on end-
to-end performance aspects.

HEXA-X 1l addresses sustainability by comprehensively
considering environmental, social, and economic factors
as the three pillars of 6G use cases. These factors extend
beyond mere energy efficiency, which is crucial given the
anticipated widespread adoption of the 6G ecosystem. The
“sustainability analysis” qualitatively outlines the key
values and potential impacts for each use case . These
impacts are categorized into  benefits, termed
“sustainability =~ handprints,” and  costs, termed
“sustainability footprints™:

e Sustainability Footprints: Aligned with ITU-T
L.1480 [6], "footprints™ encompass second-order
and higher-order negative environmental, social,
and economic effects.



e Sustainability Handprints: "Handprints" refer
to the positive impacts facilitated by a 6G-
enabled solutions, contributing additional
positive effects on the environment, society, and
economy [7].

Table 1 illustrates particularly for the Network-Assisted
Mobility Use Case, the Sustainability Handprints and
Sustainability Footprints according to the Environmental,
Social and Economic impact.

Table 1:HEXA-X II's Sustainability Analysis for Network-
Assisted Mobility Use Case

HEXA-X II’s Sustainability Analysis

below [8]. FIDAL aims to adopt a standardized
methodology to identify the parameters that maximize the
impact of 5G evolution services on the community. Key
Value Indicators (KVIs) complement Key Performance
Indicators (KPIs) to balance business and social
performance metrics. FIDAL plans to involve relevant
stakeholders throughout all trial phases, including the
open call trials. To evaluate the KVIs, large-scale
electronic surveys across all EU countries and workshops
with industry, academia, and societal stakeholders will be
conducted. Since not all KVIs apply to every use case,
consulting with stakeholders is essential to solidify the
goals.

Table 2: FIDAL's Key Values and Indicator Framework

Network-Assisted Mobility Use Case

FIDAL’s Key Values and Indicator Framework

Democracy

Sustainability Handprints
(benefits)

Sustainability Footprints
(costs)

Just treatment without discrimination; what is right

Fairness - - b
for a group might conceal unfairness for individuals

Environmental

Reduction of Greenhouse
Gas Emissions by improving
the traffic flow at the
intersections thus requiring
fewer traffic lanes and
freeing up space for
pedestrians

To enable the positioning
services, new low power
devices would have an
additional energy
footprint for the
computational power

Consider broader demographics in a community,

Inclusiveness g - :
giving access to the widest possible range

Regarding infrastructures and networks; trust
towards fellow users/governance; public trust in
systems and authorities

Trustworthy

Economic Ecosystem (part of 6G for sustainability)

Enhanced driving safety
through a reduction in traffic-
related accidents
Enhanced continuity of
transportation service in rural

Privacy risks associated
to localization data

Competitive and resilient EU economy; investing in

Sustainability jobs, skills, education and digital transformation.

Business Value New value chains; inclusive commercial benefit

Social areas (digital inclusion) Decreased iob
Reduced costs for the o ortunit{es
stakeholders from using the PP
network for the monitoring
tasks instead of additional
Sensors
Reduced costs for the High expenditure
stakeholders from using the requirements of network
Economic network for the monitoring infrastructure to meet the

tasks instead of additional

high reliability constraints

Tackling
economic New business opportunities
inequality
Innovation
Flexibility Ability to work in multiple situations, configurations
Responsibility Accountability over 6G systems

Environmental Ecosystem (part of 6G for Sustainability)

Sensors of the use cases

HEXA-X 1l deals with the sustainability issues on a use
case centered manner. For each use case a separate
analysis takes place investigating the benefits and costs to
the environmental, social and economic aspects. All the
other projects examined in this paper define their own
KVIs, on the contrary HEXA-X Il considers the
sustainability handprints and footprints as a more
descriptive approach than defining KVIs.

B. FIDAL Methodology

FIDAL envisions to deliver a platform and the enablers
towards the support of advanced 5G Use Cases targeting
the augmentation of human capabilities. It focuses on
allowing Media and Public Protection and Disaster Relief
(PPDR) vertical industry players to perform advanced
technological and business validation in large-scale field
trials.

FIDAL's proposal for a High-Level Framework for Key
Values (KVs) and example indicators is shown in Table 2

To reduce its footprint on energy, resources and
emissions; improve sustainability in other parts of society
and industry

Environmental
Sustainability

Waste L
Recycle and re-use of materials; emissions
Management
Muitigation Awareness of environmental impact with a strategy to
Services minimize it
Safety and Security

Safety Protection of humans; safer communities

Security Protection of data and socio-technical systems

Data protection Appropriate use of personal data

Societal Ecosystem (part of 6G for sustainability)

Societal Support of convergence of physical, human and digital
Sustainability worlds
Healthle_r Improve the mental health of individuals
Community
Knowledge Training to new digital skills

FIDAL proposes a significantly different framework than
HEXA-X 1l. In this case, performance related KPIs are
used as a foundation and subsequently combined with
relevant KVIs towards the achievement of the




sustainability goals. It is a use case centered methodology
and the relevant stakeholders are defined for each
particular use case. FIDAL also describes the means of
achieving the KVI evaluations by specifying large-scale
international electronic surveys.

C. CENTRIC Methodology

CENTRIC aims to utilize Artificial Intelligence (Al)
techniques through a top-down, modular approach to
wireless connectivity, prioritizing users’ communication
needs and environmental constraints in the design of the
network stack. The process begins with identifying users'
objectives and application-specific requirements. Al
techniques are then employed to develop and customize
bespoke waveforms, transceivers, signaling, protocols,
and RRM procedures to meet these needs [9].

CENTRIC is a use case-agnostic project that emphasizes
technological enablers rather than specific 6G use cases,
making it challenging to assess the impact of the
developed technologies on societal Key Values.
CENTRIC’s vision strongly focuses on developing
technological enablers aimed at creating a sustainable 6G
network [10]. Sustainability is considered across three
dimensions:

e Environmental Sustainability: Two Key Value
Indicators (KVIs) are defined:

o Energy Efficiency Improvements:
Refers to the overall energy used to
deliver a 6G service to a user.

o Material Efficiency Improvements:
Defined according to ITU-T L.1023,
which proposes a methodology to
identify an ICT good’s circularity
potential.

e Economic Sustainability: Considers KVIs
related to capital expenditures (CAPEX) and
operational expenditures (OPEX) associated with
network deployment and operation.

e Societal Sustainability: Focuses on
trustworthiness issues:

o EMF-Aware Networks: Addresses
public concerns about alleged health
hazards from exposure to
electromagnetic fields.

o User Data Protection and Privacy:
Addresses public concerns regarding the
protection of user data in the context of
Al and ML algorithms.

CENTRIC’s approach differentiates significantly to
HEXA-X II’s and FIDAL'’s, since it is a use case agnostic
project. The methodology followed is closer to 6G-
INTENSE’s one which splits the relevance of each KVI
per application developed, as it is discussed in Section D.
Both CENTRIC and 6G-INTENSE propose an

architectural framework towards 6G and do not deal with
large scale demonstrations.

D. 6G-INTENSE Methodology

6G-INTENSE proposes a new system architecture for 6G
in order to deliver a “6G as a Smart Service Execution
Platform”, in line with the vision of sustainable
infrastructure sharing towards space reduction and energy
costs. A novel architecture, termed as Distributed Intent-
driven Management and Orchestration (DIMO), is
proposed with a Native Al toolkit which facilitates intent
declaration, negotiation and decision automation across
autonomous domains [11] .

Table 3 provides the Relevance of the KVIs in the context
of 6G-INTENSE, as stated in the SNS R&Il Work
Programme 2021-2022 [12]. These KVIs will show how
6G-INTENSE will provide societal impact to vertical
sector applications and to European industrial
competitiveness.

Table 3:6G-INTENSE KVI Relevance

6G-INTENSE’s KVI Relevance

Innovation
Safety refers to the ability of a system to avoid harming
11:Safety | human life, the environment, or private property due to its
unavailability ( lack of communication )
. It entails the creation of systems that outline who has
12: L L . .
Security !'esporjsmlllty for monitoring threats as failure, hacking, and
infection
13: .| Comply with the legal and regulatory framework imposed by
Regulati
the law
on
. Discrete Roles/Accountability for collaborating partners
14: A
Responsi towqrgjs the des_lgn, management and_ use of 6G systems.
bility Addltlonal_con5|derat|on of how actions may impact the
greater society
. Reduced energy consumption in the operation of the 6G
15:: A
Energy system end-to-end as per the long-term goals in mind fpr a
efficiency sustal_nable and carbon-neutral world in United Nations
Sustainable Development Goals (UN SDGs) at 2030s
Democracy
Appropriate use of end-user data collected. Updated data
D1: protection framework (GDPR) includes more privacy-
Priva{cy enhancing measures such as ‘the right to be forgotten’ and
‘the right to access’ (personal data concerning them is being
processed, where and for what purpose)
D2: Ability of the AI/ML algorithms to perform decisions free
Fairness | from discrimination and bias
D3:
Digital Deploy technologies that serve the historically under-served
Inclusion
D4: 6G network design should support trustworthiness,
Trustwor | collaborative sensing, and distributed learning to enable Al
thiness applications
Ecosystem
Sustainability is the ultimate objective of 6G network design,
El: since 6G should be sustainable from a wider socio-economic
Sustaina | and environmental perspective, encompassing not only
bility energy related aspects, but also natural resources
consumption, products lifecycles, social sustainability, etc.




E2: 6G systems should demonstrate their commercial benefit for

Business vertical industries and telco operators
Value
Ech)Enso:mi Building a competitive and resilient economy, investing in
skills, education, and digital transformation
¢ Growth
E4:
Open Use methods based on collaboration and knowledge sharing

collabora | and interaction according to their capacities
tion

E5: New | The value chain in 6G is expected to increase as a
value consequence of inclusive (cooperative and interactive)
chain industrialisation

In Table 4, it is attempted to split the KVIs to be
demonstrated for the Distributed Continuum and
Metaverse developed. The amount of crosses ‘+’ next to
each KVI indicates the feasibility of each application
developed to measure a given KVI. Furthermore, a
description of the measurement method for each KVI is
provided.

Table 4:6G-INTENSE Key Values and Indicator Framework

Ecosystem
>30% CO2
El: emissions et
Sustainability | reductions in 6G
systems
Arcadia
E2: Business framework —
value _Ieverage of +++
different levels
of expertise
Arcadia
. . framework —
E3.GEr(;c\)Arl131mlc leverage of +
different levels
of expertise
E4: Open Collaboration

collaboration

with other SNS
JU projects

6G-INTENSE’s Key Values and Indicator Framework

E5: New value
chain

raise awareness
and engage
relevant
stakeholders
from interested
vertical
industries

Measurement
Method

Distributed
Continuum

Metaverse

Innovation

11:Safety

Questionnaire
and focused
group surveys of
stakeholders

++

12: Security

Questionnaire
and focused
group surveys of
stakeholders and
N. of incidents

+++

13: Regulation

directly engage
with policy
makers

+++

14:
Responsibility

RACI charts (
identify and
interview
consortium
stakeholders )

15: Energy
efficiency

energy
consumption per
bit >90% (
standardized
methodologies
of ETSI)

+++

+++

Democracy

D1: Privacy

N. of privacy

issues in the

datasets for
ML/AI training

+++

D2: Fairness

Whitebox
testing

+++

D3: Digital
Inclusion

Questionnaires/
group surveys (
can people with
disabilities
access network
resources )

+++

+++

D4:
Trustworthines
S

Demonstration
of trust through
PoCs

6G-INTENSE investigates the impact of the applications
developed within the Proof of Concepts (PoCs) towards
the achievement of the sustainability goals. On that, the
KVI Relevance towards Innovation, Democracy and
Ecosystem is defined. The equivalent measurement
method for each KVI is also stated and based on that, it is
further analysed the degree of capability of each
application to demonstrate each KVI. The degree of each
application is indicated by the amount of crosses next to
the KVIs as in Table 4.

E. TRIALS-NET Methodology

The TRIALS-NET project aims to conduct extensive
large-scale trials, integrating a diverse and comprehensive
set of innovative Sixth Generation (6G) mobile
communication applications. These applications, based on
various technologies such as robots, the metaverse,
massive twinning, and the Internet of Senses, will span
three key domains of urban ecosystems in Europe: (i)
Infrastructure, Transportation, Security & Safety; (ii)
eHealth & Emergency; and (iii) Culture, Tourism &
Entertainment. By analyzing the quantitative and
qualitative results from these large-scale trials, the project
will facilitate the transition from the current Fifth
Generation (5G) to the next generation of mobile
communications. This will involve defining new
requirements and identifying the added value each use
case offers to the community [13].

The TRIALS-NET project focuses on developing a
framework to evaluate the dynamics of use cases for
societal and environmental solutions. The concept of Key
Values (KVs) will be analyzed across all the use cases in
the project to benefit not only technological stakeholders
but also wusers in the public, commercial, and
environmental sectors. The following outlines a series of
steps and questions designed to properly address the link



between KVs and Key Performance Indicators (KPIs)
[14].

Key Value (KV): What values are important to us?
Which values hold significant meaning for us?

Key Value Indicator (KVI): What are the key indicators
of these values? How can we measure or assess these
values?

Enablers: Which technological features enable these
values? For example, 6G features, high reliability, and
availability. KPIs: What are the technical impacts of these
values?

The framework proposed by TRIALS-NET categorizes
the values into the following categories:

e Economical
e Environmental
e Societal

The defined values may belong to one or more of these
categories, depending on the benefits they provide on an
economic, environmental, or societal scale.

TRIALS-NET's approach complements the FIDAL
framework, as both are use case-driven projects that rely
on defined KPIs to establish KVIs. Additionally, both
frameworks focus on the economic, environmental, and
societal dimensions of large-scale trials.  Potential
evaluation methods may also exploit large scale
international surveys.

I1l.  CONCLUSION

The importance of addressing the societal impact of EU
funded projects has been presented and discussed in this
paper. To this aim, five different projects’ methodologies
are presented: (i) HEXA-X II, (ii) FIDAL, (iii) CENTRIC,
(iv) 6G-INTENSE and (v) TRIALS-NET . The choice of
the projects was performed so that it includes a use-case
and use-case agnostic combination, thus giving an
indication of the challenges encountered towards the
development of a common Evaluation Framework.
Equally important are the works of the SNVVC subgroup
formed by the 6G-lIA. It focuses on gathering the

knowledge from various projects’ stakeholders, aligning
the gained experience towards the formation of a common
Evaluation Framework.
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