
D6.1 – (6G trials and pilots’ validation and evaluation – Initial)- 
Report at a Glance  
 
D6.1-6G trials and pilots’ validation and evaluation – Initial report presents the initial validation, 
evaluation, and impact assessment outcomes of the 6G-PATH project during Phase 1 Trials and Pilots 
(T&P). It introduces the structured, evsidence-driven Validation and Evaluation (V&E) Framework that 
integrates technical performance indicators (KPIs) with societal, business, environmental, and service-
quality value indicators (KVIs) across all ten 6G-PATH use cases. 
The framework was successfully operationalised across four verticals; Smart Farming, Education, 
Healthcare, and Smart Cities using a convergent mixed-methods approach combining quantitative surveys, 
focus group discussions, and interviews, triangulated with KPI measurements from system logs and 
telemetry.  

 

Key Achievements in Phase 1: 
• Unified KPI-KVI framework operationalised across 10 heterogeneous use cases 
• KVIs transitioned from conceptual constructs to empirically validated indicators via triangulated 

data collection 
• Harmonised cross-use-case KVI set established with unique identifiers, enabling traceability and 

comparability 
• Value → Enabler → Performance evaluation chain introduced — linking technical performance to 

value creation 
• Cross-use-case and cross-vertical KVI evidence base generated within the SNS JU experimentation 

context 

 

The 6G-PATH Validation & Evaluation (V&E) Framework 
Validation and Evaluation Methodology  

The 6G-PATH Validation and Evaluation (V&E) methodology provides a structured, transparent, and 
evidence-driven approach to assess both the technical performance and societal value of 6G solutions. It is 
built on two complementary pillars: Technical Evaluation, which measures system performance through 
Key Performance Indicators (KPIs), and Value Impact Evaluation, which captures broader societal, 
economic, environmental, and user-experience outcomes through Key Value Indicators (KVIs). 

These pillars are supported by a continuous validation process that ensures consistency, accuracy, and 
alignment across all stages of the project. This process integrates stakeholder needs, methodological rigour, 
and evolving standards, enabling continuous refinement throughout the lifecycle. 

 

The methodology is operationalised through a four-phase process: 

 

Four-Phase Evaluation Process 

Phase 1 
Conceptual Framework 

Development 
7-step process: Groundwork 

→ Contextualisation → 
Extraction → Metrics 

Definition → Technical 
Mapping → Framework 

Development → Iterative 
Refinement 

Phase 2 
Testbed & Simulation 

Setup 
Deploy instrumentation, 
measurement tools and 
data-collection pipelines 
aligned to the conceptual 

framework across all 
verticals 

Phase 3 
Data Collection 

Automated KPI logs + KVI 
surveys (Likert), semi-

structured interviews, and 
FGDs across all 10 use cases 

Phase 4 
KPI-KVI Evaluation 

Integrated mixed-method 
assessment: KPIs vs targets 
+ triangulated KVI analysis 

→ evidence-based 
recommendations 

 



 

Figure 1: Methodology of defining validation and evaluation framework 

 

 

Phase 1: Conceptual Framework Development 

This phase establishes the theoretical and methodological foundation of the V&E framework. It follows a 
structured approach to identify Key Values (KVs), KVIs, Key Value Enablers (KVEs), and KPIs. Values are 
derived from use-case blueprints and literature, resulting in two overarching dimensions: Sustainability 
(economic, social, environmental) and User Experience (service quality). These are further refined into 
measurable indicators aligned with stakeholder priorities, sustainability goals (e.g., SDGs), and real-world 
use-case requirements. The outcome is a comprehensive and adaptable framework ready for deployment. 

 

 
Figure 1: Phase 1: Conceptual Framework Development  

 



Phase 2: Testbed and Simulation Setup 
In Phase 2, the conceptual V&E framework is translated into operational testbed configurations across the 
project’s verticals. This involves deploying instrumentation, measurement tools, sensing systems, and data-
collection pipelines required to capture technical KPIs and non-technical KVIs. This phase ensures 
alignment between the theoretical V&E framework and real-world experimental environments. 

. 
Phase 3: Data Collection 
 
A mixed-method approach is used to collect robust evidence. 

 
Summary of Data Collection Methods Used in Phase 1 

Data Type Method/ Instruments used Purpose References / Notes 
Technical Data 
(KPIs) 

Automated measurements, 
system logs, testbed monitoring, 
baseline tests 

Validate technical 
performance 

Supports Technical 
Evaluation Pillar 

Survey (KVIs) Structured questionnaires Quantify stakeholder 
perceptions & value 
outcomes 

Validated scales; 
Likert/ranking  

Interviews 
(KVIs) 

Semi-structured questionnaires - 
One-to-one interviews, physical 
and online 

Explore contextual 
factors, value 
assumptions 

Quality over quantity 
principle; 30-60 minutes  

Focus Groups 
(FGDs) - (KVIs) 

Semi-structured questionnaires- 
Group discussions (6-10 
participants) 

Capture collective 
values, social dynamics 

Optimal group size 6-10  

 
Phase 4: KPI–KVI Evaluation 
 
The final phase integrates technical and value-based assessments. KPI results are evaluated against 
performance targets, while KVI findings assess broader impacts across sustainability and user experience 
dimensions. A convergent mixed-method design is applied, where quantitative and qualitative data are 
analysed separately and then combined. Triangulation across data sources, stakeholders, and theories 
ensures robust and unbiased results. 
Validated KVIs are retained based on consistent evidence, while others are refined or reassessed. KPI 
analysis identifies performance strengths and gaps. Together, these insights generate evidence-based 
recommendations for improving system design, testbeds, and overall project impact. 

 

Figure 2: Convergent Parallel Mixed-Method Design for KVI Analysis  

 



Continuous Iteration and Improvement 
 
A key feature of the methodology is its iterative refinement process, combining expert input (e.g., 
workshops, consultations) and empirical evidence from trials. This ensures the framework evolves with 
real-world insights and remains aligned with the latest developments in the 6G ecosystem. 

 
Figure 3: Expert and stakeholder-driven iterative refinement process 

 

6G-PATH Framework Architecture 
The 6G-PATH Validation & Evaluation (V&E) framework is built on a layered architecture that connects 
stakeholder value → enabling technologies → technical performance. This ensures that 6G solutions 
are not only technically efficient but also deliver real-world impact. 

 
 
 The evaluation chain: KV → KVI → KVE → KPI creates a bidirectional validation loop. Top-down: 

values define desired outcomes. Bottom-up: KPIs provide technical evidence to support or challenge 
KVI results. This hybrid model ensures evaluation is both perception-based and evidence-based. 



 

Figure: Three-Layer Value–Enabler–Performance Architecture of the 6G-PATH V&E Framework 

 

 

 

 
 



Cross-UC KVI Framework: Standardised Value Indicators 
The table below shows selected Key Value Indicators (KVIs) from the 21 cross-use-case standard KVIs 
adopted across all 6G-PATH verticals. Each KVI is assigned a unique code for traceability and is organised 
by KV (Key Value) domain. 

 

KVI Code Indicator Name Definition 

KV: SUSTAINABILITY — Economic Domain 

EC-KVI1 Operational Cost Savings Reduction in recurring operational costs enabled by 6G 
automation and optimisation. 

EC-KVI4 Productivity & Efficiency 
Gains 

Increase in output and process efficiency enabled by automation, 
AI, and XR. 

EC-KVI5 Resource Efficiency Gains More efficient use of human, physical, and digital resources 
through data-driven operations. 

KV: SUSTAINABILITY -Social Domain 

SS-KVI1 Improved Public Health & 
Safety 

Reduction of risks and enhancement of safety through 6G-enabled 
systems. 

SS-KVI3 Digital Inclusion & 
Accessibility 

Improved access to digital services and connectivity for diverse 
user groups. 

SS-KVI6 Improved Digital Skills & 
Competency 

Enhanced user capability to effectively use digital and XR-based 
systems. 

SS-KVI7 Increased Technology 
Adoption & Digital Uptake 

Increased adoption and active use of 6G-enabled solutions. 

KV: SUSTAINABILITY - Environmental Domain 

ENV-KVI1 Water Conservation Reduction in water usage enabled by 6G-supported sensing and 
monitoring. 

ENV-KVI2 Energy Efficiency Reduction in energy consumption through optimised 6G-enabled 
operations. 

ENV-KVI4 Carbon Emissions 
Reduction 

Reduction in greenhouse gas emissions enabled by 6G 
optimisation. 

KV: USER EXPERIENCE - Service Quality Domain 

SQ-KVI1 User Satisfaction Overall satisfaction with system usefulness and interaction quality. 

SQ-KVI2 System Trustworthiness User trust in system accuracy, fairness, and reliability. 

SQ-KVI6 Perceived System 
Reliability 

Perceived stability and consistency of system operation. 

SQ-KVI9 Interactive Experience 
Quality 

Quality of user interaction with interfaces and XR tools. 

 
 
 
 
 



Key Findings: Cross-Use-Case Value Patterns 

Despite heterogeneity across domains and deployment maturity, Phase 1 triangulated KVI 
evidence reveals clear and recurring value patterns across all four verticals: 

Value Dimension Cross-Use-Case Synthesis 

Productivity & Operational 
Efficiency 

Most consistently validated value outcome across all verticals, driven 
by automation, predictive capabilities, and workflow optimisation. 

Service Responsiveness & 
Interaction Quality 

Strong contributor to perceived value, particularly in XR, real-time, 
and logistics-oriented use cases. 

System Reliability Foundational, non-negotiable enabler; insufficient reliability 
suppresses satisfaction, trust, and adoption regardless of other 
benefits. 

Operational Cost Savings Generally perceived as positive but largely unquantified in Phase 1; 
dependent on usability, affordability, and organisational readiness. 

Trust, Privacy & Security Treated primarily as baseline acceptance conditions; context-
dependent and moderated by transparency and governance. 

Environmental Value Strongly context-specific; water conservation emerges as the most 
robustly validated environmental KVI in Smart Farming. 

Digital Inclusion & Access Strongest in Education and Health use cases; mixed outcomes in 
Smart Cities due to non-technical barriers. 

Mission-Critical (PPDR) 
Domains 

Structural outlier: consistently low KVI satisfaction driven by legacy 
system entrenchment (TETRA/TETRAPOL) rather than 6G failure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Three Cross-Vertical Value Profiles Identified: 

• High-Engagement Domains (Education, Healthcare) - Social inclusion, learning 
effectiveness, and quality of life are primary value drivers. 

• Efficiency-Driven Domains (Smart Farming, Smart Cities -Logistics) - Productivity, 
automation, and resource optimisation are the dominant value mechanisms. 

• Critical Infrastructure Domains (Smart Cities-PPDR) - Mission-critical requirements, 
safety, and legacy system competition define the evaluation context. 

 



Lessons Learned & Phase 2 Refinements 

Key Lessons from Phase 1 

 
The first phase of 6G-PATH trials and pilots confirmed the feasibility of integrating technical (KPI) and 
value-based (KVI) evaluation, while also highlighting important areas for improvement. 
 

Main insights include: 
• Complexity of Value Measurement 

Many KVIs capture long-term, intangible outcomes (e.g., trust, quality of life), making early-stage 
measurement exploratory.  

• KPI–KVI Relationships are Not Linear 
Value does not always directly map to technical performance; it is shaped by context, behaviour, 
and organisational factors.  

• Need for Focused Indicators 
Broad KVI sets increased respondent burden and reduced data quality, highlighting the need for 
prioritisation.  

• Differences in Stakeholder Interpretation 
Technical and non-technical stakeholders interpret value differently, requiring clearer guidance 
and shared framing.  

• Limited Comparability Across Use Cases 
Variations in methods and instruments affected cross-use-case analysis.  

• Stakeholder Engagement Gaps 
Some pilots involved limited or less diverse stakeholders, impacting representativeness. 

 
 

Phase 2 Refinement Strategy 

 
Building on these insights, Phase 2 focuses on improving depth, consistency, and real-world relevance: 

• Streamlined KVI Framework - Introduction of a core set of prioritised KVIs, supported by 
context-specific indicators.  

• Improved Data Collection - 
o Shorter, standardised questionnaires  
o Harmonised structure across all use cases  

• Stronger Triangulation - Systematic use of surveys, interviews, and focus groups to enhance 
reliability and insight depth.  

• Expanded Stakeholder Engagement - Inclusion of a broader range of actors:  
o End users  
o Industry stakeholders  
o Public sector and decision-makers  

• Enhanced KPI Measurement- Improved tools, longer observation periods, and refined 
measurement methods.  

• Stronger KPI–KVI Integration - Deeper analysis of the Value → Enabler → Performance 
relationship.  

• Tooling & Capacity Building- Development of guidelines, tutorials, and workshops to support 
consistent implementation. 

 
 
 
 
 
 
 
 



Collaborations with 6G Community and Standards  
Summary of Collaborations with 6G Community and Standards Bodies 

Collaboration Type Description / Activity Partner(s) 
Involved 

Output / Contribution 

SNS TMV KVI Working 
Group 

Regular participation; contribution as 
editor, reviewer, and author to the first KVI 
White Paper; ongoing contributions to the 
second edition. 

UBRAD White Paper: “6G KVIs - SNS Projects 
Initial Survey Results 2025” 
URL: 
https://doi.org/10.5281/zenodo.%
2015220945 
 
Second Edition of White Paper - 
Ongoing 

SNS TMV KPI Working 
Group 

Contribution of KPI definitions and target 
values based on 6G-PATH use case insights. 

ONE White Paper: “6G KPIs - Definitions 
and Target Values”; alignment of 
project KPIs with SNS-wide targets. 
URL: 
https://doi.org/10.5281/zenodo.14
621168 
 

6G-IA - Social Needs 
and Value Creation 
Working Group (SNVC 
WG) 

Active involvement in discussions; 
Suggestion for a joint EUCNC special 
session on practical lessons from 6G-PATH 
KVI evaluation and validation. 

UBRAD EUCNC special session (Under 
Discussion); cross-project 
methodological harmonisation. 

SNS Sustainability WG 
(SUS WG) 

Leading tasks under Goal #1 
(Terminology); participating in regular 
meetings, contributing to cross-project 
methodological harmonisation on 
sustainability. 

UBRAD Refined terminology framework for 
sustainability-aligned KVIs; 
contributions to SUS-WG roadmap - 
(Ongoing) 

6G4Society - 
Wellbeing & 
Inclusivity Thematic 
Groups 

Collaboration on shared definitions of 
values, stakeholder mapping, and 
exemplars of KVIs using 6G-PATH cases. 

UBRAD Document review feedback; 
strengthened community-wide 
clarity on values and KVI definitions. 

6G4Society - Social 
Acceptance Thematic 
Group 

Participation as an interviewee in project-
wide consultation on social acceptance of 
6G pilots. 

UBRAD Interview recording & forthcoming 
report; insights feeding into value-
driven evaluation. 

6G4Society Workshop 
(PSCE Annual 
Conference) 

Presentation on KVIs for PPDR with focus 
on UC3 Security Coordination; 
participation in joint workshop. 

UBRAD, ONE Workshop presentation- video 
documentation: “Key Value 
Indicators (KVIs) for the Promotion 
of PPDR Use Cases in 6G-PATH”  
Link: 
https://www.youtube.com/watch?v
=gIdDJHQJp70 
White Paper Report: “Report on 
Activities and Insights from an 
Interactive Workshop”.  

6G4Society-6G-PATH 
Interview (Project 
Progress & Lessons 
Learned) 

Discussion on methodology, data collection 
practices, and cross-project learning. 

UBRAD Contribution to cross-project 
methodological harmonisation. 

SNS JU E-Health White 
Paper Initiative 

Collaborative contribution to KVI/KPI, 
sustainability and impact sections, plus 
use-case documentation. 

ONE, FOKUS, 
UBRAD, KAU, 
CHAR 

Draft white paper on 6G-enabled E-
Health (ongoing). 

SNS TB PPDR Vertical 
White Paper 

Contribution to PPDR value creation, 
architecture, and research roadmap. 

ADS, ONE Draft PPDR White Paper (ongoing). 

 

https://doi.org/10.5281/zenodo.%2015220945
https://doi.org/10.5281/zenodo.%2015220945
https://doi.org/10.5281/zenodo.14621168
https://doi.org/10.5281/zenodo.14621168
https://www.youtube.com/watch?v=gIdDJHQJp70
https://www.youtube.com/watch?v=gIdDJHQJp70

